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E s t i m a t e d v a l u e s for t i m e s e r i e s of E O P a n d S t a t i on c o o r d i n a t e s h a v e b e e n 
d e t e r m i n e d from ana lys i s of VLBI observat ions . These g roup de lay d a t a h a v e b e e n a c q u i r e d 
by IRIS-A a n d N E O S - A n e t w o r k s s ince J a n u a r y 02, 1990 t i l i D e c e m b e r 27 , 1994. I n t o t a l 
177707 dua l frequency M a r k III g roup de lays w i th zero flag qua l i ty from 215 se s s ions h a v e 
b e e n processed . 

T h e Software S tee lBreeze 1.01 h a s been used for process ing VLBI obse rva t ions . 

T h i s Software is b a s e d on t h e I E R S S t a n d a r d s (McCar thy , 1992) (modeis , c o n s t a n t s ) 
a n d S R I F ( s q u a r e roo t I n f o r m a t i o n f i l ter) t e c h n i q u e ( B i e r m a n , 1977) ( e s t i m a t i o n of 
p a r a m e t e r s ) . 

T h e in i t i a l v a l u e s of Stat ion coordinates a n d velocit ies h a v e b e e n t a k e n from Solution 
SSC( IERS) 94 C 0 1 . T h e ob ta ined t e r r e s t r i a l reference f rame h a s been l i nked to I T R F 9 4 by 
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 on 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 T R F 9 4 for a s e t of 8 s t a t i o n s (ALGOPARK, G I L C R E E K , 
KAUAI, N R A 0 8 5 3 , ONSALA60, R I C H M O N D , W E S T F O R D , WETTZELL) . 

T h e i n i t i a l v a l u e s of r a d i o sou rce c o o r d i n a t e s h a v e b e e n t a k e n f rom Solu t ion 
RSC(IERS) 94 C 0 1 . 

T h e IAU 1980 N u t a t i o n model a n d in i t i a l v a l u e s of E O P ( I E R S ) 90 C 0 4 h a v e b e e n 
app l ied . T h e t r a n s f o r m a t i o n b e t w e e n CRS a n d T R S h a s b e e n c a l c u l a t e d u s i n g t h e n o n -
r o t a t i n g or ig in concept ( C a p i t a i n e , 1986). T h e t a b u l a t e d da i ly v a l u e s of E O P h a v e b e e n 
i n t e rpo l a t ed b y cubic sp l ines u s ing 8 poin ts . T h e t ida l va r i a t ions i n U T 1 h a v e b e e n r e m o v e d 
from t a b u l a t e d v a l u e s before t h e sp l in ing procedure a n d a d d e d to i n t e rpo l a t ed ones (except 
for 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 b e c a u s e t h e y a r e n o t p r e s e n t in t h e Solu t ion 
E O P ( I E R S ) 90 C 04). T h e n polar motion a n d U T 1 have been cor rec ted for d i u r n a l a n d semi -
d i u r n a l t i da l v a r i a t i o n s (Her r ing , 1993). 

The 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 celest ia l reference frames h a s b e e n defined by 
E O P from E O P ( I E R S ) 90 C 04 (wi th l i nea r t r ans format ions to be cons i s ten t w i th I T R F 9 4 a n d 
ICRF94) for t h e E O P reference d a t e Augus t 1 2 , 1 9 9 1 . 

T roposphe r i c refract ion in t h e local zen i th direct ion c a u s e d by h y d r o s t a t i c a n d w a t e r 
v a p o u r c o m p o n e n t s of t h e n e u t r a l a t m o s p h e r e h a v e b e e n m o d e l l e d a c c o r d i n g t o 
S a a s t a m o i n e n (1972). T h e zen i th delays h a v e been m a p p e d to l ine of s i g h t e l eva t ions w i t h 
t h e M T T m a p p i n g function of H e r r i n g (1992) for both hydros ta t i c a n d we t componen t s . 

T h e i o n o s p h e r i c c o m p o n e n t h a s b e e n e l i m i n a t e d by u s i n g s i m u l t a n e o u s d u a l 
f requency obse rva t ions . 

IERS(1995) Technical Note No 19. 
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C a l i b r a t i o n d a t a collected a t each obse rv ing s i t e h a v e b e e n a p p l i e d to cor rec t for 
v a r i a t i o n s in t h e e lec t r ica l l e n g t h of t h e cables b e t w e e n t h e r a d i o r ece ive r s a n d t h e d a t a 
acqu i s ion Sys tems . 

T h e we t zen i th delay a n d clock offset h a v e been e s t i m a t e d a s s tochas t ic p roces se s a n d 
m o d e l l e d a s r a n d o m w a l k w i t h following m a g n i t u d e s of p o w e r s p e c t r a l d e n s i t y of r u l e d 
w h i t e n o i s e : for clock offset 2 0 2 p s 2 / h o u r , for w e t c o m p o n e n t of t r o p o s p h e r i c d e l a y 
1.0 c m 2 / h o u r . 

T h e we igh ted r m s post-fit r e s i d u a l s of t h i s Solution is 29.04 ps i n delay. 

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

T h i s w o r k h a s been done d u r i n g a s t ay of t h e a u t h o r a t t h e O b s e r v a t o r y of P a r i s a n d 
w a s s u p p o r t e d b y long- t e rm vis i tor suppor t a t t h e Obse rva to ry of P a r i s . Also i t w a s p a r t l y 
s u p p o r t e d by t h e I n t e r n a t i o n a l Science F o u n d a t i o n u n d e r g r a n t U 4 S 0 0 0 . 
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Techn ica l descr ip t ion o f Solution GAOUA 95 R Ol 

1 - Technique: V L B I 

2 - Analys is Cen te r : G A O U A 

3 - Software used: SteelBreeze 1.01 

4 - D a t a span: 

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

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

f - Defini t ion of or ien ta t ion: 

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

J a n 1 9 9 0 - D e c 1994 

R S C ( I E R S ) 9 4 C 0 1 

S S C ( G A O U A ) 9 5 R 0 1 
SSB 
299792458 m/s 
not appl icable 
no 
by u s i n g n o - t r a n s l a t i o n c o n s t r a i n t for 8 
VLBI s t a t i ons 
by fixing E O P va lues a t A u g 12, 1991 equa l to 
E O P ( I E R S ) 9 0 C 0 4 
1993.0 (MJD 48988) 
set of velocities from SSC(IERS) 94 C 0 1 
no 

7 - E a r t h or ientat ion: EOP(GAOUA) 95 R 0 1 
a - A pr ior i n u t a t i o n model : IAU 1980 + corrections E O P ( I E R S ) 90 C 04 
b - Shor t -per iod t ida l va r i a t ions in x, y, U T 1 : according to H e r r i n g (1993). C o r r e c t i o n s 

added to E O P ( I E R S ) 90 C 04. E O P ( G A O U A ) 
95 R Ol d o e s n o t c o n t a i n d i u r n a l a n d 
s e m i d i u r n a l t i da l v a r i a t i o n s 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Celes t ia l F r a m e : 
b - Te r r e s t r i a l F r a m e : 
c - E a r t h Or ien ta t ion : 
d - O the r s : 

no 
XO, YO, ZO 
Xp, Yp, UT1-UTC, 8\|/, 8e 
w e t z e n i t h t r o p o s p h e r i c d e l a y s a n d Station 
clock offset a t e a c h s i t e of Observa t ion as 
s tochas t i c p a r a m e t e r s 
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EOP(GAOUA) 95 R Ol From Jan 1991 to Dec 1994 

N u m b e r of measurements per year and median uncertainties 
U n i t s : 0.001" for X,Y,o\|f,8e; 0.0001s for UT1 

YEAR X Y UT1 Sy 5e 
Nb Sigma Nb Sigma Nb Sigma Nb Sigma Nb Sigma 

1991 
1992 
1993 
1994 

58 
52 
52 
52 

0.14 
0.20 
0.13 
0.11 

58 
52 
52 
52 

0.15 
0.20 
0.12 
0.09 

58 
52 
52 
52 

0.07 
0.08 
0.05 
0.05 

58 
52 
52 
52 

0.21 
0.30 
0.22 
0.18 

58 
52 
52 
52 

0.08 
0.13 
0.09 
0.08 
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A. Nothnagel , R. H a a s , J . Campbe l l 
Geodet ic I n s t i t u t e of t h e Unive r s i ty of Bonn, Fede ra l Republ ic of G e r m a n y , 
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T h e V L B I g r o u p a t t h e Geodet ic 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 
a n a l y s e d V L B I e x p e r i m e n t s w h i c h a r e o rgan ized w i t h i n projec t I R I S - S ( I n t e r n a t i o n a l 
Rad io I n t e r f e r o m e t r i c S u r v e y i n g - Sou th ) , w i t h t h e G e r m a n A n t a r c t i c S ta t ion O ' H i g g i n s 
a n d w i t h i n t h e E u r o p e a n geodetic VLBI project. The IRIS-S observa t ions form t h e backbone 
of t h e a n a l y s e s for E a r t h o r i en ta t ion a n d t e r r e s t r i a l reference f r ame d e t e r m i n a t i o n s . U n t i l 
t h e end of 1994, 83 e x p e r i m e n t s w e r e observed wi th a n e t w o r k of s t a t i o n s wh ich is g rouped 
a r o u n d t h e We t t ze l l ( G e r m a n y ) - Westford (US E a s t Coas t ) - H a r t R A O ( H a r t e b e e s t h o e k 
Radio A s t r o n o m y Observa to ry , S o u t h Africa) base l ine t r i ang le . Today t h e n e t w o r k is formed 
by t h e s t a t i o n s of Wet tze l l , H a r t R A O , Westford a n d For t a l eza (Brazil) . 

T h e IRIS-S a s well a s all o the r sess ions inc luded in t h e f inal Solution a r e a n a l y z e d 
u s i n g t h e CALC 8.1/SOLVE/GLOBL Software System (Gordon 1994). T h e theo re t i ca l de lays 
in t h e a d j u s t m e n t a r e ca lcu la ted according to t h e Consensus model ( E u b a n k s , 1991). 

T h e apr io r i E O P v a l u e s for each Observation a r e ca lcu la ted by l inea r ly i n t e r p o l a t i n g 
t h e U S N O R a p i d Serv ice Se r i e s a n d s u b s e q u e n t l y a p p l y i n g cor rec t ions for d i u r n a l a n d 
s e m i d i u r n a l t i d a l v a r i a t i o n s of po la r mot ion a n d U T 1 . T h e correc t ions a r e mode l l ed u s i n g 
t h e W ü n s c h a n d Busshoff (1992) ampl i tudes for U T 1 scaled by 1.13 to s u b t r a c t t h e equa to r i a l 
m o m e n t of i n e r t i a of t h e core a n d t h e Sei ler a n d W ü n s c h ( in p r e p a r a t i o n ) a m p l i t u d e s for 
po la r m o t i o n (see T e c h n i c a l Desc r ip t ion) . T h e Se i le r a n d W ü n s c h m o d e l of o c e a n t i d a l 
v a r i a t i o n s in po l a r mo t ion is a n ex tens ion of t h e Brosche a n d W ü n s c h (1994) mode l t h a t 
t a k e s in to accoun t t h e r e s u l t i n g po la r mot ion of t h e a n g u l a r m o m e n t u m b a l a n c e of t h e 
oceans for a h y d r o d y n a m i c a l n u m e r i c a l ocean model . The ex tens ion inc ludes 20 add i t i ona l 
t ides i n t h e d i u r n a l a n d s e m i d i u r n a l t i da l band . 

Add i t i ona l VLBI d a t a is a c q u i r e d w i t h i n t h e E u r o p e a n geodet ic V L B I project a n d 
w i t h i n ac t iv i t i es closely r e l a t e d to t h e G e r m a n ERS/VLBI Sta t ion O 'Higgins in An ta r c t i c a . 
T h e S ta t ion of O 'Higg ins h a s successfully observed t h r e e b u r s t s of four e x p e r i m e n t s e a c h 
w i t h s o u t h e r n h e m i s p h e r e n e t w o r k s cons is t ing of t h e s t a t i ons of S a n t i a g o (Chi le) , H o b a r t 
( T a s m a n i a , A u s t r a l i a ) , D S S 4 5 (NASA Complex T idb inb 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 s e e x p e r i m e n t s con t r ibu te a n u m b e r of precise source posi t ions in t h e deep sou th . 

S ince 1990 t h e E u r o p e a n VLBI s ta t ions of Wettzel l , O n s a l a (Sweden) , M a d r i d (Spa in ) , 
Medic ina , M a t e r a a n d No to (all I ta ly) h a v e been per forming geodetic VLBI e x p e r i m e n t s for 
t h e d e t e r m i n a t i o n of E u r o p e a n t ec ton ic mo t ions on a r e g u l ä r b a s i s . M o r e r e c e n t l y the 
te lescopes a t Effe lsberg ( G e r m a n y ) , N y Ale sund (Spi t sbergen , N o r w a y ) a n d S ime iz on t h e 
C r i m e a p e n i n s u l a ( U k r a i n e ) h a v e b e e n pa r t i c ipa t i ng in severa l e x p e r i m e n t s e x t e n d i n g t h e 
n u m b e r of s t a t i o n s w i t h h igh ly accu ra t e posi t ions on t h e E u r o p e a n con t inen t . 

IERSQ995) Technical Note No 19 
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In a combined Solution (GIUB 95 R Ol) all IRIS-S m e a s u r e m e n t s , 2 1 European 
sess ions and 11 experiments of the O'Higgins bursts are adjusted in a Single least Squares 
adjustment solving for Station coordinates and radio source posit ions as global parameters 
as wel l as E O P and celestial pole offsets. In order to stabilize the European subnet wi th in 
the global frame of the IRIS-S network we also added the data of two 1994 South Atlantic 
sess ions of the N A S A Goddard Space Geodesy Program to the Solution which inc ludes 
observations between Madrid and the South American stations. 

The origin of the terrestrial reference frame is fixed through the Wettzel l Station 
coordinates which are kept at the ITRF 1992 (IERS, 1993b) va lues applying drift effect 
corrections according to the NNR-NUVEL1A model (DeMets et al., 1994). 

For the est imation of Station displacement parameters the global k inematics of the 
network h a s to be defined by fixing an additional se t of s ix degrees of freedom. Thi s is 
achieved by model l ing the tectonic Station displacement of Wettzell according to the N N R -
N U V E L 1 A model , constraining the change of the direction of the Westford to Wettzel l 
basel ine vector to the same model, and fixing the height changes of HartRAO to zero. U s i n g 
the direct ion of t h e Westford to Wettzel l base l ine as a def init ion for t h e long t erm 
displacement of the terrestrial reference frame bears two advantages . The first i s that this 
long base l ine reduces the effects of inaccuracies in the individual sess ions . The second is 
that possible inaccuracies in the model of a Single tectonic plate do not so strongly affect the 
long term orientation of the network with respect to the axis of rotation. The origin of right 
ascension is fixed by the ICRF 1992 position of OJ287 (IERS, 1993a). 

The European sess ions are treated sl ightly differently s ince the comparably smal l 
e x t e n s i o n of t h e n e t w o r k reduces the sens i t iv i ty for E a r t h or ientat ion parameter 
d e t e r m i n a t i o n s . T h u s the inc lus ion of the European s e s s i o n s m a i n l y a i m s a t the 
determinat ion of Station coordinates and displacement vectors for the terrestrial reference 
frame. In order to stabil ize the Solution weak constraints of 15 m a s are introduced for the 
pole components and UT1-UTC est imated with data of these sessions. 

Since the data gathered at some of the stat ions are l imited or the t ime span i s not 
long enough for a reliable est imation of Station displacement parameters, drift components 
are modelled according to NNR-NUVEL1A for some of the stations whi le vertical drift rates 
are constrained to zero for most of the others. Since the data of Mojave cover only 2.5 years 
in our analys i s no provision is made for any episodic movements detected in longer data 
sets . 
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Technica l descr ipt ion o f Solution GIUB 95 R Ol 

1 - Technique : 

2 - Ana lys i s Cen t e r : 

3 - Sof tware used : 

4 - D a t a span: 

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

6 - T e r r e s t r i a l Reference F r a m e : 
a- Re la t iv i ty scale: 
b - Velocity of l ight : 
c- Geograv i t a t i ona l cons tan t : 
d- P e r m a n e n t t i da l correct ion: 
e- Defini t ion of origin: 
f- Defini t ion of or ien ta t ion: 
g- Reference epoch: 
h- Tectonic p l a t e model : 
i- C o n s t r a i n t for t i m e evolution: 

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

M a r k III VLBI, G r o u p de lay obse rvab le s 

Geodetic 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 
( G I U B ) , N u s s a l l e e 1 7 , D - 5 3 1 1 5 B o n n , 
G e r m a n y 

CALC 8.1 , SOLVE/GLOBL 

J a n 86 - Dec 94 ( i r r egu lä r i n t e rva l s ) 

R S C ( G I U B ) 9 5 R 0 1 

ex t r aga lac t i c 
RA of OJ287 fixed to I C R F 1992 a n d n u t a t i o n 
a t Dec 22 ,1989 fixed to IAU 1980 

S S ( X G I U B ) 9 5 R 0 1 
SSB 
299 7 9 2 4 5 8 m/s 
No t appl icable 
No 
Wettzell fixed a t I T R F 1992 
E O P a t Dec 22 ,1989 fixed to IERS R S 
19880 
N N R - N U V E L 1 A 
Reference Stat ion We t t ze l l m o v e s acco rd ing 
t o N N R - N U V E L 1 A , b a s e l i n e d i r e c t i o n 
Wet t ze l l to W e s t f o r d m o v e s a c c o r d i n g t o 
N N R - N U V E L 1 A , H a r t R A O h e i g h t c h a n g e s 
a r e cons t ra ined to zero 

E O P ( G I U B ) 9 5 R 0 1 
IAUU980) 

b - S h o r t per iod t ida l va r i a t ions in x, y, U T 1 : 

UT1 tidal terms 

1 l« 

0 0 
0 0 
0 0 
0 0 
0 0 
1 0 

F 

0 
2 
2 
2 
2 
2 

D 

0 
-2 
0 
-2 
0 
0 

Om 

0 
2 
2 
2 
2 
2 

GST 

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

Tide 

Kl 
PI 
Ol 
S2 
M2 
N2 

AI-Ampii tude 
[microtimesec] 

14.64 
-6.09 
-12.90 
-3.58 
-23.34 
-4.75 

A2-Amplitude 
[microtimesec] 

11.48 
-3.65 
-32.10 
18.25 
27.14 
5.93 

P o l a r mo t ion t ida l t e r m s 

1 

0 
0 
1 
0 
0 
0 
0 
1 

1' 

0 
0 
0 
0 
0 
0 
-1 
0 

F 

2 
2 
0 
0 
0 
-2 
-2 
0 

D 

0 
0 
0 
0 
0 
2 
2 
0 

Om 

1 
2 
0 
-1 
0 
-2 
-2 
0 

GST 
+K 

1 
1 
1 
1 
1 
1 
1 
1 

Tide 

to OOl p 
001 p 
Jl p 
to Kl p 
Kl p 
PI p 
Pil p 
Ml p 

AI-Ampii tude 
[microarcsec] 

5.28 
8.22 
9.31 

20.10 
160.18 
-50.44 
-2.86 
10.53 

A2-Amplitude 
[microarcsec] 

-2.64 
-4.13 
-2.32 
-8.95 
-65.37 
21.93 
1.43 

-5.09 
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Polar motion tidal terms (continued) 

1 

1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
2 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
2 

1' 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-1 
0 
0 
0 
0 
0 
0 
0 

F 

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

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

D 

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

-2 
0 

-2 
0 

Om 

-2 
-2 
-1 
-2 
-2 
-1 
-2 
1 
0 
2 
2 
2 
2 
1 
2 
2 
2 
2 
-1 
0 
-2 
-2 
-2 
-2 
-1 
-2 
-2 
-2 
-2 

GST 

1 
1 
1 
1 
1 
1 
1 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Tide 

to Ol 
Ol p 
to Ol 

P 

P 
Rhol p 
Ql P 
to Ql P 
Sigmal p 
to K2 
K2 r 
S2 r 
T2 r 
L2 r 
M2 r 
to M2 
Ny2 r 
N2 r 
My2 r 
2N2 r 
to K2 
K2 p 
S2 p 
T2 p 
L2 p 
M2 p 
to M2 
Ny2 p 
N2 p 
My2 p 
2N2 p 

r 

r 

P 

P 

AI-Amplitude 
[microarcsec] 

3.77 
-177.50 
-31.75 
-6.29 
-33.38 
-6.39 
-5.79 
0.63 
-0.78 

-64.02 
2.38 
-3.11 
164.97 
3.13 
0.41 
15.66 
2.27 
1.56 
0.10 
-0.50 

-11.65 
0.39 
-0.79 
26.88 
1.82 
2.25 
12.32 
3.99 
2.89 

A2-Amplitude 
[microarcsec] 

-1.85 
38.38 
5.94 
0.40 
1.22 
0.30 
-0.32 
18.89 
63.70 

227.65 
12.58 
9.29 

258.94 
6.04 
8.79 
35.95 
5.56 
4.54 
-3.30 

-10.69 
-29.45 
-2.47 
2.37 

-103.40 
-3.22 
-3.19 

-18.26 
-0.29 
0.24 

p = prograde, r = retrograde 
Terms are included in the EOP reported to IERS 

8 - Est imated Parameters: 
a- Celest ial frame: right ascens ions (except OJ287) and decli-

nat ions 
b- Terrestrial frame: Station coordinates (x,y,z) of al l s t a t i o n s 

except Wettzel l; l inear horizontal velocit ies 
(Ldot, Pdot expressed as xdot, ydot, zdot) of 
H a r t R A O , D S S 6 5 , N o t o , Effelsberg, 
R i c h m o n d a n d Mojave; l i n e a r velocities 
(xdot, ydot, zdot) of Onsa la , M a t e r a a n d 
Medic ina; 

c- Earth Orientation: xp, yp, U T 1 - U T C , 8 y , 8 e , (xp, y p a n d 
U T 1 - U T C of E u r o p e a n s e s s i o n s are 
constrainted by 15 mas) 

d- Others: clock polynomials , w e t zen i th tropospheric 
delays 
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24h 

90° 

- 9 0 ° 

Distribution over the sky of the 89 extragalact ic radio sources of the ce lest ia l frame 
RSC(GIUB) 9 5 R Ol. Fi l led circles indicate radio sources wi th uncerta int i e s in r ight 
ascension ( a cos 8) and declination smaller than 0.0003". 

-j 1 1 . 1 r- -T 1 ' > r-

t--v-t . ~i , ,; i i_ i i i i i i 0.5 1.5 2.5 

Distribution of the uncertainties in right ascension (füll l ine) and decl ination (dashed l ine) 
of the celestial frame RSC(GIUB) 95 R Ol. 1 radio source with uncertainty larger than 0.003" 
is not shown. 
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EOP(GIUB) 95 R Ol From Jan 1986 to Dec 1994 

N u m b e r of measurements per year and median uncertaint ies 
Un i t s : 0.001" for X,Y,6>,8e; 0.0001s for UT1 

YEAR X Y UT1 ö> 6e 
Nb Sigma Nb Sigma Nb Sigma Nb Sigma Nb Sigma 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

6 
8 
5 
6 
14 
15 
18 
23 
22 

0.50 
0.42 
0.42 
0.45 
0.36 
0.35 
0.38 
0.46 
0.55 

6 
8 
5 
6 
14 
15 
18 
23 
22 

0.36 
0.31 
0.31 
0.30 
0.27 
0.27 
0.28 
0.31 
0.38 

6 
8 
5 
6 
14 
15 
18 
23 
22 

0.39 
0.39 
0.53 
0.26 
0.19 
0.18 
0.22 
0.21 
0.24 

6 
8 
5 
6 
14 
15 
18 
23 
22 

0.65 
0.51 
0.52 
0.59 
0.51 
0.46 
0.47 
0.48 
0.51 

6 
8 
5 
6 
14 
15 
18 
23 
22 

0.27 
0.22 
0.24 
0.29 
0.23 
0.21 
0.21 
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 G L B 9 7 9 F 

G S F C 95 R O I 

C. Ma, J. W. Ryan and D. Gordon (Hughes STX), Code 926.9, Goddard Space Fl ight Center, 
Greenbelt, MD 20771, USA 

Mark III VLBI delay data acquired between Aug. 1979 and Dec. 1994 have been 
analyzed for the terrestrial and celestial reference frames. The sess ions used for GLB979f 
(GSFC 95 R 01) include all geodetic and astrometric VLBI sess ions available to the N A S A 
Space Geodesy Program-GSFC except for the data acquired by the N A S A D e e p Space 
Network ( D S N ) for spacecraft navigation. An alternate ce lest ia l frame Solution which 
includes also the D S N data (RSC(GSFC) 95 R 02) has been calculated as well. 

The major differences from previous submiss ions include the u s e of CALC 8.1, 
changes in some axis offsets, and three new permanent stations: Urumqi (China), Crimea 
(Ukraine), and N y Alesund (Spitzbergen). The solid Earth tide model in CALC 8.1 and the 
ocean loading coefficients have been made fully consistent wi th the 1992 IERS Standards. 
The axis offset model h a s been improved. The axis offset v a l u e s at GILCREEK and 
HARTRAO were updated us ing new surveys that are consistent with es t imates from VLBI. 
The axis offset of U S S U R I S K was updated from a VLBI est imate. Only delay observations 
were used in this work. The number of sites used to constrain the t ime evolution of the TRF 
was reduced from eight to five. The sites el iminated (KAUAI, GILCREEK, and ONSALA60) 
show smal l but formally significant departures from the underlying N N R N U V E L - 1 plate 
motion model. U T 1 values are reported for IRIS and NAVNET intensive sess ions. 

The basic modeis used to calculate the VLBI delays are consistent wi th the 1992 IERS 
Standards and are contained in the Goddard CALC 8.1 program. These include IAU 1980 
nutation with daily offsets in longitude and obliquity est imated, solid Earth t ides correcting 
the K l term but not the zero frequency displacement, pole tide, vertical and horizontal ocean 
loading, D E 2 0 0 solar System ephemeris , and a modified Hel l ings (1986) VLBI t ime delay 
that agrees w i th the IERS Standard model within 5 ps rms. The pole pos i t ion for each 
Observation w a s interpolated linearly from a one-day input series. The UT1 value for each 
Observation w a s derived from the one-day series by first removing the IERS Standard UT1R 
tidal model, interpolating linearly to the epoch of Observation, then restoring the Standard 
tidal model. In addition, diurnal and semidiurnal EOP variations (derived from a subset of 
the Mark III geodetic data) were added to the interpolated pole and U T 1 values . 

The GLB979f Solution was constructed in severa l s t ep s u s i n g a n i n c r e m e n t a l 
Solution and arc-parameter el imination (Ma et al., 1990). First the s e s s ions compris ing 
large networks and strong data as well as the Single baseline POLARIS days (2106 sess ions , 
1354582 delays) were combined to form a prel iminary TRF us ing the modif ied one-day 
EOP(IERS) 90 C 04 values as a priori input. The adjusted parameters included site positions 
and velocit ies , source posit ions, EOP values , U T 1 rates , nutat ion offsets, a n d clock and 
troposphere parameters . Weak EOP constraints (45 m a s and 3 m s for X/Y pole and U T 1 , 
respectively) were applied so that all three EOP components could be e s t imated for Single 
basel ine sess ions wi th reliable indication of uncertainty and correlation. The E O P va lues , 
U T 1 rates , and their covariances from each day were then input to a s imple Kaiman filter 
to generate a one-day VLBI EOP series. The covariances and interpolated E O P va lues from 
this series were used as a priori Information when the Solution was incremented wi th the 
remaining full-day data (308 sess ions , 108190 delays), largely mobile and smal l network 
sess ions . Final ly the reported EOP and nutation offset values were generated from a back 

IERS(1995) Technical Note No 19. 
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Solution u s i n g w e a k E O P cons t r a in t s for al l t h e sess ions . Whi le E O P va lues a r e g iven for al l 
s e s s i o n s , a flag i n d i c a t e s w h i c h v a l u e s a r e usefu l . U T 1 v a l u e s f rom t h e 1-hr, Single 
b a s e l i n e , da i ly I R I S i n t e n s i v e m e a s u r e m e n t s w e r e g e n e r a t e d from a b a c k Solut ion u s i n g 
pole pos i t ion v a l u e s , n u t a t i o n offsets, a n d t h e i r r e spec t ive covar i ances from t h e GLB979f 
Solution. S i m ü a r l y , t h e E O P v a l u e s from t h e 2 a n d 3-hr, t h r ee -base l i ne N A V N E T i n t e n s i v e 
m e a s u r e m e n t s came from a back Solution u s i n g n u t a t i o n offset a n d covar iance i n f o r m a t i o n 
from t h e GL979f Solution. 

A b o u t 220 sources u s e d la rge ly in t h e geodetic p r o g r a m s form t h e core of t h e celes t ia l 
re ference frame. T h e s e h a v e - 1 0 0 to - 1 0 0 0 0 0 observa t ions each . Abou t 4 5 0 sources h a v e 1 -
s i g m a f o r m a l e r r o r s u n d e r 1 m a s whi l e - 3 0 0 h a v e fo rmal e r r o r s u n d e r 0 .3 m a s . T h e 
r e m a i n i n g sources i nc lude a n u m b e r w i t h w e a k d a t a . Sources w i t h u n c e r t a i n t i e s >10 m a s 
a r e n o t r e p o r t e d . W h i l e t h e t e r r e s t r i a l r e fe rence f r a m e h a s m o r e t h a n 120 p o i n t s , the 
d i s t r ibu t ion of d a t a t empora l ly a n d spa t i a l ly is very u n e v e n . T h e s o u t h e r n h e m i s p h e r e h a s 
only five s t a t i o n s . S o m e of t h e b e s t s t a t i ons , no tab ly t h e VLBA, only b e g a n o b s e r v i n g in 
r e c e n t y e a r s , a n d t h e i r pos i t ions a t t h e re ference epoch 1988.0 is n o t r e p r e s e n t a t i v e . T h e 
m e d i a n 1-sigma formal e r ro r s in t h e hor izonta l a n d ver t ica l pos i t ion componen t s a t t h e best 
epoch for e a c h s i t e a r e 2 m m a n d 7 m m , respect ively. More t h a n ha l f t h e s i t e s h a v e useful 
velocity e s t i m a t e s , a n d t h e m e d i a n hor izonta l a n d ver t ica l r a t e e r r o r s a r e 0.5 m m / y r a n d 2 
m m / y r , r e spec t ive ly . 

I n t o t a l 1 4 6 6 5 6 1 dua l - f r equency M a r k I I I de l ays from 2 4 1 5 ful l -day s e s s i o n s a r e 
i n c l u d e d i n Solut ion GLB979f. T h e Solution h a s 1997 global p a r a m e t e r s a n d 4 9 5 6 2 7 a r e 
p a r a m e t e r s w i t h 1135300.8 degrees of freedom. T h e we igh t ed r m s post-fi t de l ay r e s i d u a l of 
t h e Solution is 35.4 p s . T h e reduced chi -square is 1.019 inc lud ing t h e c o n s t r a i n t s for t h e w e t 
t roposphe re , clocks, a n d E O P in t h e computa t ion of t h e degrees of freedom (Theil , 1963). T h e 
s t a t i s t i c s for t h e I R I S a n d N A V N E T in tens ives a r e 2356 sess ions a n d 22267 de lays w i t h 23.5 
p s w r m s r e s i d u a l a n d 119 s e s s i o n s a n d 4 1 4 6 d e l a y s w i t h 30 .8 p s w r m s r e s i d u a l , 
respec t ive ly . 

T h e s i te coord ina tes a n d velocities a t 1988.0 a r e des igna ted SSC(GSFC)95 R 0 1 . O t h e r 
r e s u l t s a r e t h r e e E a r t h o r i en t a t i on t i m e se r ies de s igna t ed E O P ( G S F C ) 9 5 R 0 1 for t h e full-
d a y d a t a , E O P ( G S F C ) 9 5 R 02 for t h e IRIS in t ens ive d a t a , a n d E O P ( G S F C ) 9 5 R 03 for t h e 
N A V N E T in t ens ive d a t a . T h e source posi t ions a r e des igna ted RSC(GSFC)95 R 0 1 . 
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Technica l d e s c r i p t i o n o f s o h i t i o n GSFC 95 R 0 1 

1 - Techn ique : V L B I 

2 - Ana lys i s C e n t e r : G o d d a r d Space F l i g h t C e n t e r 

3 - Sof tware u sed : CALC 8 .1 , SOLVE/GLOBL 

4 - D a t a s p a n : 

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

A u g 7 9 - D e c 9 4 

R S ( X G S F C ) 9 5 R 0 1 
e x t r a g a l a c t i c 
T h e ce les t ia l r e fe rence f r a m e o r i e n t a t i o n i s 
defined by t h e C E P pole pos i t i on c o m p u t e d 
from t h e IAU 1980 n u t a t i o n m o d e l a n d the 
J 2 0 0 0 . 0 precess ion mode l for t h e 1993 Sep 30 
reference day corrected by t h e n u t a t i o n offset 
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from the modified EOP(IERS) 90 C 04 series 
a n d by 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. 

6 - Terrestrial Reference Frame: SSC(GSFC) 95 R Ol 
a - Relativity scale: S S B from modif ied H e l l i n g s VLBI de lay 

model 
b - Velocity of light: 299 792 458 m/s 
c - Geogravitational constant: not applicable 
d - Permanent tidal correction: N o permanent tide applied 
e - Definition of origin: The origin of the terrestrial reference frame 

i s s e t by m i n i m i z i n g t h e Cartes ian 
adjustments of n ine s ta t ions (WESTFORD, 
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 , 
WETTZELL, O N S A L A 6 0 ) w i t h respect to 
ITRF92 at 1988.0. 

f - Definition of orientation: The orientation of the terrestrial reference 
frame is defined by the a priori E O P va lues 
on the reference day (1993 Sep 30) from the 
modified EOP(IERS) 9 0 C 04 ser ies t h a t i s 
consistent wi th ITRF92 (M. Fe i s se l , private 
communicat ion) . 

g - Reference epoch: 1988.0 
h - Tectonic plate model: N N R - N U V E L 1 
i - Constraint for t ime evolution: 
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 f ive s ta t ions ( W E S T F O R D , R I C H M O N D , 
HOBART26, D S S 4 5 , WETTZELL) wi th respect to No-Net -Rotat ion N U V E L 1 are 
minimized. The adjusted vertical rates of the same stat ions are also minimized. The 
s tat ions wi th insufficient data or time interval are constrained to move wi th NNR-
N U V E L 1 with uncertainties in vertical, east and north rates of 0, 3 , and 3 mm/yr, 
respectively. These stat ions are: 

O C O T I L L O , G O L D M A R S , P A R K E S , T I D B I N 6 4 , M A D R I D 6 4 , S E S T , 
VLA,VICTORIA, MIZNAO10, CHLBOLTN, U S S U R I S K , TITIJIMA, MIYAZAKI, 
DAITO, U R U M Q I , CRIMEA, N Y A L E S 2 0 , MIZUSGSI , SAGARA, A U S T I N T X , 
CARROLGA, B E R M U D A , S I N T O T U , U S U D A 6 4 , M I L E S M O N , B L O O M I N D , 
LEONRDOK, BREST, CARNUSTY, METSHOVI, HOHENFRG, G R A S S E , H O F N , 
KARLBURG, TOULOUSE, AZORES, HOHNBERG, KIRSBERG. 

The vertical rates for stat ions that had uncertainties in their vertical rates in excess 
of 3mm/yr in an unconstrained Solution are also constrained to zero. These stat ions 
are: 

M O N _ P E A K , H N - V L B A , MK-VLBA, PLATTVIL, G O R F 7 1 0 2 , G G A O 7 1 0 8 , 
S A N T I A 1 2 , QUINCY, D S S 1 5 , T S U K U B A , P T . R E Y E S , SC-VLBA, K W A J A L 2 6 , 
P I N F L A T S , PRESIDIO J P L _ M V 1 , N O M E , M A R C U S , T R O M S O N O , Y U M A , 
FORT_ORD, FORTORDS, ELY, FLAGSTAF, KODIAK, V E R N A L , PBLOSSOM, 
S N D P O I N T , P E N T I C T N , S A N P A U L A , P V E R D E S , B L K B U T T E , T R Y S I L N O , 
S O U R D O G H , YAKATAGA, SEATTLE 1, MAMMOTHL OHIGGINS WHTHORSE 
D E A D M A N L , NOBEY_6M. 

The velocities of the following groups of sites are constrained to be identical: 

DSS65-ROBLED32, SESHAN25 - SHANGHAI, FORT ORD - FORTORDS, MOJAVE12-
MOJ 7288, OVRO 130 - OVR 7853, ONSALA60 - M V 2 0 N S L A - ONSALA85, NRAO 
1 4 0 - N R A O 8 5 1, KAUAI - KOKEE - HALEAKAL, Y E L L O W K N - YLOW7296, 
GORF7102 - GGAO7108, HRAS 085 - FTD 7900 - MCD 7850. 

The positions of the following sites were allowed to change discontinuously once: 
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YAKATAGA (871201) , SOURDOGH (871201), WHTHORSE (871201) , FORTORDS 
(891001) , PRESIDIO (891001) , N R A 0 8 5 3 (901201) , MOJAVE12 (920627) , D S S 1 5 
(920627). 

Earth orientation: 
a - A priori nutat ion model: 
b - Short-period tidal variat ions in 

E O P ( G S F C ) 9 5 R 0 1 
IAUU980) 

x, y, U T 1 : Diurnal and semid iurna l t idal 
variat ions i n polar mot ion a n d U T 1 were 
est imated us ing geodetic VLBI data (10 tidal 
components in U T 1 and 12 in polar motion). 
The model below i s applied in th i s Solution. 
The variat ions are included in the reported 
EOP series. 

U T 1 tidal t erms (microseconds) 

1 

0 
0 
0 
1 
0 
1 
0 
0 
0 
1 

1' 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

F 

0 
2 
2 
2 
0 
0 
0 
2 
2 
2 

D 

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

Ora 

0 
2 
2 
2 
0 
0 
0 
2 
2 
2 

GST 
+pi 

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

term 

Kl 
PI 
Ol 
Ql 
Sl 
Ml 
K2 
S2 
M2 
N2 

Cos 

6.252927 
-2.649379 
-15.381776 
-3.534252 

I -.369238 
1.220679 
-.071600 

-1.043297 
-10.846194 
-2.514309 

Sin 

15.600300 
-5.246193 
-15.592820 
-4.015490 
1.106177 
1.882189 
3.800587 
8.605459 
14.708632 
3.199383 

P o l a r m o t i o n t i da l t e r m s (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 
+pi 

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 

128.996879 
-48.638393 

-132.971705 
-33.869221 
-15.297337 
-74.696652 
-3.221247 
-4.989908 
11.645893 
-10.393208 
16.337510 
2.330556 

Sin 

-47.392242 
28.332852 
68.974209 
11.177365 
15.916971 
108.377915 
273.078222 
41.822294 
-10.680081 

| -15.655399 
| -57.620809 
I -15.138890 

P = P r o g r a d e , R = Re t rog rade 

E a r t h o r i en ta t ion : E O P ( G S F C ) 95 R 02 - I R I S in t ens ive sess ions 
a - A pr io r i n u t a t i o n model : EOP(GSFC) 95 R 01 
b - Shor t -pe r iod t i da l va r i a t i ons in x, y, U T 1 : s a m e a s above 

E a r t h o r i en ta t ion : EOP(GSFC) 95 R 0 3 - U S N O in tens ive sess ions 
a - A pr ior i n u t a t i o n model : EOP(GSFC) 95 R 01 
b - Shor t -pe r iod t i da l va r i a t i ons in x, y, U T 1 : s a m e a s above 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Ce les t i a l F r a m e : r i gh t ascens ion except 2145+067 , dec l ina t ion 
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b - Terrestrial Frame: XO, YO, ZO, Xdot, Ydot, Zdot 
c - Earth Orientation: x, y, UT1-TAI, UTldot , dy, de 
d - Others: Piece-wise l inear , cont inuous w e t z e n i t h 

troposphere delays us ing MTT wet mapping 
function 
Station clock offsets, rates a n d quadratics as 
well as piece-wise l inear, cont inuous t erms 
Clock breaks as required 
Baseline clock offsets 

9 - Miscel laneous notes: 
Only group delay observations are used. 

Only observations above 7 degrees elevation are used. 

E O P va lues are est imated at the chronological midpoint of each Session rounded to 
the nearest minute . 

The axis offsets of the following s i tes are modified from previous v a l u e s u s i n g 
Information from local surveys (GILCREEK, HARTRAO) and VLBI est imates: 

ALGOPARK, BR-VLBA, D S S 6 5 , FORTLEZA, GILCREEK, HARTRAO, HATCREEK, 
HOBART26, KASHIM34 , KAUAI, KOKEE, MATERA, MEDICINA, MOJAVE12 , N R A O 
140, N R A 0 8 5 3 , ONSALA60, OV-VLBA, OVRO 130, RICHMOND USSURISK, VNDNBERG, 
WETTZELL. 

The primary effect is a change in the Station vertical position for az-el and x-y mount 
antennas and in the Station north component for equatorial mount antennas . 

Observation weights are adjusted by session-dependent constants derived so that the 
chi-square per degree of freedom is unity in individual Session Solutions. 

D a t a to SHANGHAI (7226), VLA (7619), USSURISK (7247) and DAITO (7326) lack 
ionosphere calibration. 

The Solution in done is several s teps to apply VLBI EOP Information to some 
sess ions . 

Mean epochs are computed using the date of the session weighted by the number of 
good observations in the session for each source or site. The t ime span of observations is the 
difference between the date of the earliest session in which the given site or source appears 
and the date of the most recent sess ion in which the same site or source appears . The 
central epoch and span for the s i tes (PRESIDIO, FORTORDS, SOURDOGH, YAKATAGA, 
WHTHORSE, MOJAVE12, DSS15 , N R A 0 8 5 3) that appear more t h a n once due to t h e 
application of a discontinuous motion model are calculated from the observat ions which 
were made in the sessions within the appropriate t ime interval. 

An entry for the EOP reference day 1993 September 30 is included in each EOP table 
although the va lues were, strictly speaking, not estimated. The purpose is to indicate the 
quality of the EOP determination for the reference day that sets the Overall lower l imit of the 
precision of the EOP series. 
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90° 

24h 

-90° 

Distribution over the sky of the 550 extragalact ic radio sources of t h e ce les t ia l frame 
RSC(GSFC) 95 R Ol. F i l l ed circles indicate radio sources w i t h uncer ta in t i e s in r ight 
ascension ( a cos 8) and declination smaller than 0.0003". 
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Distribution of the uncertainties in right ascension (füll l ine) and decl ination (dashed line) 
of the celest ial frame RSC(GSFC) 95 R Ol. 34 radio sources wi th uncertaint ies larger than 
0.003" are not shown. 



R-19 

o 
LT) 

O 

O 
1 

-

-" 
-

-

-

-i—i—| i i 

. . - • - - • - ...x 

®% 

i i i i i 

' ' 
-.-.* .*; \ 

• - . :̂ .- ...,.-
"-•:.. 

^& ® 

^ & ® 

'".;"•; 

,** 

3 
T?w® «.-

> 

| 

i 
rV* 

9 
. • 

-

I I 1 | 
V: -C\ . 
**-"U - * : *-I' 
*•*- -'-Hr 

> " 
® 

'®v, 
*-*•'•* ®. 

'v " "-. 

® ® 

:'. ;• 

"—T 

"• «L 

- - • • 

T 1 1 

.-•T* 
'. « 

® 

'.' 

j 
'* 

1 

.*® 
'**• 

—i 1 1 1 1 r 
®v*'-

.® - - . . : IS.-. 

# * " " " 
' • # . . . 

^ X r ^ r ^ ' i ' ' 

i 

"*•"*• x: 
*•***. 

V 
» *,.' 

. 

• . i i l . 

-T 1 r- -
.-* __ 

® 

. " » 

. i. 

—i i -i 

| i i i i | 
:•-*... 

. - - - • ; 

- - : - • . • • / ' 
• a * 

,_.•:• ••• • • 

•*** 
. *•. * .' Y« 

••..••••;. * ' 
® 

1 

1 "1 

.. i -
y ' * 

*• 

V 

1 j. 

• 
.-
-
-
-
. 

-

" 

": 

-

-150 - 1 0 0 -50 50 100 150 

Distribution of the 104 sites of the terrestrial frame SSC(GSFC) 95 R 01. 

LO 

o 

ST
AT

IO
N

S 
30

 

o 

Lü o 
OD <N 

z: 

o 

r~\ 

' 

~ 

-

. 

-

-
-
-

, 

• -» > | . . . | . . . | . . i | . . » 
" 
-
-

-

-

-

-

-

" 
-
-

. 
1 1 ! , . . ! . . . 1 1 , 1 

4 6 

UNCERTAINTIES (cm) 

10 
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terrestrial frame SSC(GSFC) 95 R 01 . 2 stations with uncertainties larger t h a n 10 cm are 
not shown. 
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EOP(GSFC)95R01 From Aug 1979 to Dec 1994 

Number of measurements per year and median uncertainties 
Units : 0.001" for X,Y,S\ff, 5e; 0.0001s for UT1 

YEAR X 
Nb Sigma 

Y 
Nb Sigma 

UT1 
Nb Sigma 

8y 
Nb Sigma 

6e 
Nb Sigma 

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

2 
20 
34 
62 
85 
119 
131 
152 
185 
210 
247 
271 
248 
259 
194 
196 

1.17 
0.60 
13.06 
12.87 
12.66 
0.76 
0.47 
0.47 
0.46 
0.46 
0.34 
0.26 
0.21 
0.20 
0.16 
0.13 

2 
20 
34 
62 
85 
119 
131 
152 
185 
210 
247 
271 
248 
259 
194 
196 

2.28 
0.60 
41.06 
40.62 
33.25 
0.68 
0.45 
0.41 
0.43 
0.46 
0.35 
0.27 
0.22 
0.20 
0.14 
0.10 

2 
20 
34 
62 
85 
119 
131 
152 
185 
210 
247 
271 
248 
259 
194 
196 

0, 
0, 

10, 
10, 
10, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 

.85 

.30 

.57 

.44 

.22 

.37 

.24 

.24 

.24 

.26 

.19 

.14 

.12 

.09 

.07 

.06 

2 
20 
34 
62 
85 
119 
131 
152 
185 
210 
247 
269 
244 
258 
193 
196 

1, 
0, 
3, 
2 
2 
1 
0 
0 
0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 

.86 

.98 

.21 

.91 

.27 

.10 

.73 

.72 

.71 

.64 

.55 

.43 

.38 

.35 

.26 

.21 

2 
20 
34 
62 
85 
119 
131 
152 
185 
210 
247 
269 
247 
258 
193 
196 

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

.66 

.43 

.14 

.11 

.93 

.43 

.28 

.26 

.26 

.25 

.22 

.18 

.16 

.15 

.11 

.09 

EOP(GSFC)95R02 
From Apr 1984 to Dec 1994 

Number of measurements per 
year and median uncertainties 
Units : 0.0001" for UT1 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

UT1 
Nb 

64 
159 
234 
248 
255 
234 
261 
247 
191 
260 
203 

Sigma 

1.16 
0.90 
0.84 
0.81 
0.63 
0.75 
0.64 
0.69 
0.39 
0.36 
0.34 

EOP(GSFC)95R03 
From Apr 1989 to Apr 1993 

Number of measurements per 
year and median uncertainties 
Units : 0.0001" for UT1 

YEAR 

1989 
1990 
1991 
1992 
1993 

UT1 
Nb Sigma 

9 0.48 
54 0.90 
29 0.89 
20 0.50 
7 0.53 
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E A R T H R O T A T I O N P A R A M E T E R S F R O M D S N V L B I : 1 9 9 5 J P L 9 5 R Ol 

J.A. S t eppe , S.H. Ol iveau, O.J . Sovers - J e t Propuls ion Labora tory , 
Cal ifornia I n s t i t u t e of Technology; P a s a d e n a , California 91109, U S A 

A desc r ip t ion of t h e D S N VLBI d a t a s e t a n d of l a s t yea r ' s a n a l y s i s c a n b e found in 
l a s t y e a r ' s r e p o r t ( see I E R S Technica l No te 17, pp . R-19 to R-32). O t h e r t h a n i n c l u d i n g 
a n o t h e r y e a r ' s d a t a , t h e m a i n changes in t h i s yea r ' s a n a l y s i s from l a s t y e a r ' s a r e i n t h e 
use of meteorologica l d a t a for d e t e r m i n i n g t ropospher ic p a r a m e t e r s a n d i n t h e w e i g h t i n g of 
t h e d a t a to account for t h e u n c e r t a i n t y in t h e observables caused by t ropospher i c effects a n d 
source s t r u c t u r e . A pr io r i d ry zen i th t ropospher ic de lays we re d e t e r m i n e d from b a r o m e t r i c 
p r e s s u r e m e a s u r e m e n t s a t t h e D S N s i t e s , cor rec ted for h e i g h t d i f ferences b e t w e e n t h e 
p r e s s u r e s e n s o r a n d t h e a n t e n n a s . A pr ior i w e t z e n i t h t r oposphe r i c de l ays w e r e de r i ved 
from t a b l e s of m o n t h l y a v e r a g e we t z e n i t h de lays for each Sta t ion , w h i c h a r e b a s e d on 
h is tor ica l r a d i o s o n d e d a t a . T h e Lany i function 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 
delays to observed e levat ions . T h e t e m p e r a t u r e a t t h e top of t h e b o u n d a r y l ayer , a p a r a m e t e r 
in t h e Lany i funct ion, w a s t a k e n to be t h e 24-hour average of t h e sur face t e m p e r a t u r e a t t h e 
Station. A d j u s t m e n t s to t h e we t t roposphere zen i th de lays we re e s t i m a t e d every two to t h r e e 
h o u r s . 

T h e r a w obse rvab le u n c e r t a i n t i e s h a v e b e e n modif ied by a d d i n g q u a d r a t i c a l l y four 
a d d i t i o n a l u n c e r t a i n t y c o m p o n e n t s . T h e f irst c o m p o n e n t i s a source-spec i f ic c o n s t a n t 
d e t e r m i n e d from source-specific r e s idua l sca t t e r . I t va r i e s from 0 to 150 p s for de l ays (0 to 
100 fs/s for de lay r a t e s ) , a n d t e n d s to be associa ted w i t h sou rces h a v i n g k n o w n s t r u c t u r e . 
The second a n d t h i r d components - one for each of t h e two s t a t i ons - a r e p ropo r t i ona l to t h e 
a p r io r i w e t t r o p o s p h e r i c d e l a y (wh ich g rows a s e l e v a t i o n a n g l e d e c r e a s e s ) w i t h a 
p ropor t iona l i ty c o n s t a n t of 0.042 for de lays a n d 7.5 10" 5 sec*1 for d e l a y r a t e s . T h e fou r th 
componen t i s a n "addi t ive noise" c o n s t a n t selected to m a k e t h e C h i S q u a r e of t h e pos t 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 t h e n u m b e r of degrees of f reedom in t h e Solut ion. T h e 
delay a n d de lay r a t e add i t ive noise cons t an t s were ad jus ted s e p a r a t e l y for each CAT M&E 
obse rv ing ses s ion . F o r t h e T E M P O d a t a , t h e add i t i ve no i se s w e r e a d j u s t e d for e a c h of 
severa l blocks of observ ing sess ions . T h e change in t h e t r o p o s p h e r i c e r r o r m o d e l c o m p a r e d 
to l a s t y e a r h a s d r a m a t i c a l l y r educed t h e size of t h e "addi t ive no i se" c o n s t a n t s n e e d e d for 
t h e de lay r a t e d a t a . 

D u r i n g c a l e n d a r y e a r 1 9 9 4 , t h e T E M P O p r o j e c t p r o d u c e d e a r t h r o t a t i o n 
m e a s u r e m e n t s from 9 1 d u a l f requency observ ing sess ions , w i t h a m e d i a n S t a n d a r d e r r o r 
a long t h e m i n o r axis of t h e e r r o r el l ipse of 0.3 mi l l ia rcseconds (mas ) , a n d a long t h e ma jo r 
axis of 1.4 m a s . D u r i n g 1994 t h e 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 , from 
Observation to ava i lab i l i ty of e a r t h or ien ta t ion p a r a m e t e r s , w a s 48 h o u r s . 

I n t h e T i d a l E R P t a b l e below, t h e a r g u m e n t Conventions a r e t h o s e of Sover s et al. 
(1993). T h e formal e r r o r s r ä n g e from 11 to 46 mic roa rcseconds b u t r e a l i s t i c u n c e r t a i n t i e s 
a r e p robably a b o u t 70 microarcseconds (one S t anda rd devia t ion) . 

A c k n o w l e d g e m e n t s , We would l ike to t h a n k each a n d every one of t h e m a n y peop le who 
con t r i bu t ed t o t h e acquis i t ion a n d ana lys i s of t h e D S N VLBI d a t a . T h e w o r k desc r ibed in 
t h i s p a p e r w a s c a r r i e d o u t by t h e J e t P r o p u l s i o n L a b o r a t o r y , Ca l i fo rn i a I n s t i t u t e of 
Technology, u n d e r con t r ac t w i t h t h e N a t i o n a l Aeronau t i c s a n d Space A d m i n i s t r a t i o n . 

IERS(199S) Technical Note No 19. 
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Short Period Tidal ERP Variations 

Period UT1 (microseconds) Polar Motion 

?erm 

K2 
S2 
M2 
N2 
Kl 
PI 
Ol 
Ql 

i (hours) 

11.96724 
12.00000 
12.42060 
12.65835 
23.93447 
24.06589 
25.81934 
26.86836 

Cosine 

1.6 
0.1 

-10.8 
- 1.0 
11.8 
- 1.3 
-10.6 
3.2 

Sine 

2.7 
9.3 
17.0 
2.8 
24.4 
- 3.1 
-13.2 
- 2.0 

Amplitude 
(microarcseconds) 

prograde retrograde 
46 
5 

72 
16 
176 
91 
155 
42 

58 
130 
248 
34 
0 
0 
0 
0 

Phase 
(degrees 

prograde re 
45 
53 
117 
88 
154 
309 
301 
326 

0 
strograde 

229 
310 
275 
221 
* 
• 
* 
• 

Celestial Ephemeris Pole Motion Model (nutations relative to ZMOA-1990-2) 

IAH-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 

In 

Out 

In 
Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

Component 

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 

-i 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

mas 

3.05/yr 
0.26/yr 

17.59 
5.61 

0.27 
0.06 
0.30 
0.04 

0.23 
0.29 
0.09 

0.35 
0.06 
0.33 
0.01 

0.07 
0.02 
0.17 
0.03 

0.24 
0.14 
0.31 
0.10 

0.24 
0.03 
0.45 
0.15 

Formal 
Error 
mas 

0.05/yr 
0.03/yr 

0.23 
0.36 

0.25 
0.08 
0.16 
0.15 

0.04 
0.10 
0.08 

0.06 
0.02 
0.06 
0.02 

0.05 
0.02 
0.06 
0.02 

0.04 
0.02 
0.06 
0.02 

0.06 
0.02 
0.06 
0.03 

Generalized 
Error 
mas 

0.07/yr 
0.03/yr 

0.36 
0.37 

0.41 
0.08 
0.21 
0.16 

0.04 
0.11 
0.08 

0.06 
0.03 
0.07 
0.03 

0.05 
0.03 
0.06 
0.02 

0.11 
0.04 
0.10 
0.04 

0.07 
0.03 
0.06 
0.03 
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Technica ldescr ip t ionofSo lu t ion J P L 9 5 R 0 1 

1 - Technique: 

2 - Analys is Cen te r : 

3 - Software used: 

4 - D a t a span: 

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

6 - T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 

b - Velocity of l ight: 
c - Geograv i t a t iona l cons tan t : 
d - P e r m a n e n t t ida l correct ion: 
e - Defini t ion of t h e origin, a n d 
f - Defini t ion of t h e or ienta t ion: 

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

V L B I 

J P L 

MODEST 

O c t 7 8 - J a n 9 5 

R S ( X J P L ) 9 5 R 0 1 

ex t r aga l ac t i c 
T h e R i g h t Ascens ion a n d D ec l i na t i on of O J 
287 (0851+202) a n d t h e Decl inat ion of C T D 20 
(0234+285) w e r e h e l d fixed a t t h e v a l u e s 
specified in RSC(IERS) 94 C 0 1 . 

S S C ( J P L ) 9 5 R 0 1 
LE (TDT = geocentr ic w i th IAT) 
T h e r e l a t i v i t y 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 " c o n s e n s u s m o d e l " 
d e s c r i b e d b y E u b a n k s . 
299 792 458 m/s 
3 . 9 8 6 0 0 4 4 8 1 0 1 4 m 3 s - 2 

Y e s 

Six c o n s t r a i n t s w e r e a p p l i e d t o t h e n i n e 
coord ina tes (a t epoch 1993.0) of D S S 15, D S S 
4 5 , a n d D S S 6 5 , s u c h t h a t i f 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 J P L 1995-1 
a n d I T R F - 9 3 S y s t e m s w a s e s t i m a t e d by 
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 to t h e 
coord ina tes of D S S 15 , 4 5 , a n d 6 5 , t h e n t h e 
r e su l t i ng 3 t r a n s l a t i o n a n d 3 ro t a t i on p a r t s of 
t h e t r a n s f o r m a t i o n wou ld b e zero whi le t h e 
s ca l e cou ld 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 Compu t ing t h e c a t a l o g . ( W h e n 
e x p r e s s e d a s t h e d o t p r o d u c t of a n i n e 
d imens iona l u n i t vec tor w i t h t h e n i n e Stat ion 
coord ina tes , e ach c o n s t r a i n t i s a s s i g n e d a n a 
pr ior i S t anda rd dev ia t ion of 5 m m ; t h i s does 
not affect t h e r e s u l t i n g coo rd ina t e s b u t does 
affect t h e ca l cu l a t ed f o r m a l e r r o r s , g i v i n g 
t h e m a m o r e s p h e r i c a l d i s t r i b u t i o n t h a n 
w o u l d r e s u l t if e i t h e r v e r y l a r g e o r v e r y 
s m a l l a p r i o r i S t a n d a r d d e v i a t i o n s w e r e 
u s e d . ) 
1993.0 
ITRF-93 p lu s a d j u s t m e n t s 
T h r e e - d i m e n s i o n a l s i t e v e l o c i t i e s w e r e 
e s t i m a t e d for e a c h of t h e t h r e e D S N 
c o m p l e x e s . Al l s t a t i o n s i n e a c h D S N 
complex w e r e a s s u m e d to h a v e t h e s a m e s i t e 
velocity. T h e velocit ies w e r e c o n s t r a i n e d so 
a s to p roduce no n e t t r a n s l a t i o n r a t e a n d no 
n e t r o t a t i o n r a t e , for t h e n e t w o r k composed 
of t h e t h r e e D S N complexes , r e l a t i v e to t h e 
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net motion of this network of three s i tes as 
expressed in the ITRF-93 ve loc i ty f ield. 
(When expressed as the dot product of a nine 
dimensional unit vector w i th the n ine s i te 
velocity components , e a c h c o n s t r a i n t i s 
assigned an a priori Standard deviat ion of 
1.0 mm/yr, this does not affect the result ing 
velocity components but does affect the 
calculated formal errors, g i v i n g t h e m a 
more spherical d i s tr ibut ion t h a n w o u l d 
result if either very large or very s m a l l 
a priori Standard deviations were used.) 

7 - Earth Orientation: EOHJPL) 95 R 01 
a - A priori nutation model: ZMOA-1990-2 plus adjustments 
b - Short-period tidal variations in x, y, UT1: 

As part of the JPL 1995-1 catalog Solution we 
estimated coefficients of a model of E R P 
variations at nearly-diurnal a n d near ly-
semidiurnal t idal f requenc ie s . (Nearly-
diurnal polar mot ion var ia t ions w e r e 
constrained to have no retrograde part, thus 
a l l o w i n g s i m u l t a n e o u s e s t i m a t i o n of 
nutat ions. ) The reported earth rotat ion 
parameters have had these tidal frequency 
var ia t ions r e m o v e d a c c o r d i n g to the 
parametric model est imated in the catalog 
Solution. (In other words, these effects have 
N O T been added back in p r o d u c i n g 
EOP(JPL)95R01.) 

8 - Est imated Parameters: 
a - Celestial Frame: 

b - Terrestrial Frame: 
c - Earth Orientation: 

d - Othera: 

right ascension, declination (all sources, but 
seeöb) 

X0,Y0,Z0 (by Station), X , Y , Z (by site) 
UTO-UTC and Variation of Latitude of the 
baseline vector 
precession constant, obliquity rate, celestial 
pole offsets atJ2000 
coefficients of 23 nutation terms 
coefficients of 40 diurnal and semidiurnal 
tidal terms in ERP 
wet zenith tropospheric delays 
Station clock offsets, rates , and frequency 
offsets 
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90° 

24h 

- 9 0 ° 

Distribution over the sky of the 287 extragalact ic radio sources of the ce les t ia l frame 
RSC(JPL) 95 R Ol. Fi l led circles indicate radio sources w i t h u n c e r t a i n t i e s i n r ight 
ascension ( a cos 5) and declination smaller than 0.0003". 
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EOP(JPL) 9 5 R O I From Oct 1978 to Jul 1995 

Number of measurements per year and median uncertaint ies 
Uni ts : 0.001" for 9 ; 0.0001s for UT0 

YEAR 9 
Nb Sigma 

UTO 
Nb Sigma 

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

3 
6 

21 
17 
43 
74 
71 
19 
71 
77 
93 
89 
108 
111 
115 
101 
99 
42 

0.42 
1.84 
4.11 
2.81 
3.44 
3.03 
3.62 
2.18 
2.50 
2.08 
1.61 
0.78 
0.88 
0.45 
0.41 
0.59 
0.72 
0.90 

3 
6 

21 
17 
43 
74 
71 
19 
71 
77 
93 
89 
108 
111 
115 
101 
99 
42 

1.15 
1.83 
6.47 
5.75 
4.08 
4.91 
5.47 
3.78 
3.48 
3.43 
2.27 
1.70 
1.98 
1.06 
0.80 
0.89 
0.88 
0.85 





R-29 

R A D I O S O U R C E C O O R D I N A T E S F R O M D S N V L B I J P L 9 5 R 0 2 

O.J. Sovers , C S . J acobs , C.J . N a u d e t - J e t Propuls ion Labora to ry , 
Cal i fornia I n s t i t u t e of Technology; P a s a d e n a , California 91109, USA 

VLBI d a t a collected from rad io te lescopes a t t h e t h r e e N A S A Deep S p a c e N e t w o r k 
si tes (Aus t ra l ia , Spa in , a n d t h e USA) by J P L be tween 1978 a n d 1994 w e r e a n a l y z e d to yield a 
celest ia l r e fe rence f r ame . T h i s ce les t i a l f r ame differs from R S C ( J P L ) 95 R 0 1 i n t h r e e 
i m p o r t a n t r e s p e c t s : 1) no T E M P O d a t a a r e inc luded , 2) da i ly n u t a t i o n c o r r e c t i o n s a r e 
e s t i m a t e d , r a t h e r t h a n ZMOA-2 a m p l i t u d e s , a n d 3) s h o r t - p e r i o d U T P M cor rec t ions a r e 
mode led , n o t e s t i m a t e d . I t c o n t a i n s coo rd ina t e s of 2 9 0 r a d i o s o u r c e s a n d i s t i e d to 
RSC(IERS) 94 C 0 1 t h r o u g h t h e r igh t ascens ion of a Single source , 0235+164. Da i ly n u t a t i o n 
angle offsets w e r e e s t i m a t e d from those given by t h e ZMOA-2 se r i e s , w i t h 1992 M a r c h 22 
se rv ing a s t h e reference day. T h e t e r r e s t r i a l f rame is t ied to ITRF-93 t h r o u g h t h e locat ions 
of t h e s t a t i o n s a t t h e G o l d s t o n e s i t e . A n e w se t of c o o r d i n a t e s is e s t i m a t e d for e a c h 
exper imen t for s t a t i o n s a t t h e o the r two si tes . The t i m e ser ies S P A C E 9 4 [ E O P ( J P L ) 95 C 01] 
is u s e d to fix t h e U T P M p a r t of E a r t h o r ien ta t ion . 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 ida l f requency v a r i a t i o n s of U T P M were modeled w i t h t h e p a r a m e t e r s de r ived by Sovers , 
Jacobs a n d Gross (1993). O t h e r aspec ts of model ing t h a t d e p a r t e d from Convention we re t h e 
inclus ion of t h e octupole componen t s a n d frequency d e p e n d e n t Love n u m b e r s for t h e solid 
E a r t h t ides , a n d a s imp le model for a n t e n n a t h e r m a l expans ion . 

T h e d a t a b a s e con ta in s app rox ima te ly 9000 M a r k I I (1978-89) a n d 14000 M a r k I I I 
(1988-94) o b s e r v a t i o n s . Di f fe ren t t r o p o s p h e r i c m o d e l i n g w a s p e r f o r m e d for t h e s e t w o 
c lasses . I n b o t h ca se s , a p r io r i d ry z e n i t h t r o p o s p h e r i c d e l a y s w e r e d e t e r m i n e d from 
b a r o m e t r i c p r e s s u r e m e a s u r e m e n t s a t t h e D S N s i t e s , co r r ec t ed for h e i g h t d i f ferences 
b e t w e e n t h e p r e s s u r e s e n s o r s a n d t h e a n t e n n a s . A pr ior i w e t z e n i t h t r o p o s p h e r i c de l ays 
were de r ived from t a b l e s of m o n t h l y ave rage we t z en i t h de lays for e a c h Sta t ion, wh ich a r e 
b a s e d on h i s t o r i c a l r a d i o s o n d e d a t a . T h e L a n y i funct ion w a s u s e d for m a p p i n g z e n i t h 
t ropospher ic de lays to observed e levat ions . T h r e e p a r a m e t e r s in t h e L a n y i func t ion w e r e 
ass igned v a l u e s t h a t differ from t h e defaul t s . T h e t e m p e r a t u r e a t t h e top of t h e b o u n d a r y 
layer w a s t a k e n to be t h e 24-hour ave rage of t h e surface t e m p e r a t u r e a t t h e Stat ion. Bo th t h e 
t ropopause h e i g h t a n d t e m p e r a t u r e l apse r a t e were t a k e n to be t h e m o n t h l y a v e r a g e va lue s 
der ived from r a d i o s o n d e d a t a a t A u s t r a l i a a n d Spa in , whi le global a v e r a g e s w e r e u s e d for 
Golds tone. A d j u s t m e n t s to t h e we t t roposphe re zen i t h de lays w e r e e s t i m a t e d every two to 
t h r e e h o u r s for t h e M a r k II e x p e r i m e n t s , a n d every 12 h o u r s for M a r k I I I . A n a p r io r i 
covar i ance m a t r i x w a s i n t r o d u c e d for each M a r k I I I e x p e r i m e n t . I t is b a s e d on t h e 
t u r b u l e n t t r o p o s p h e r e mode l of T r e u h a f t a n d Lany i (1987), w i t h two empi r i ca l ly a d j u s t e d 
p a r a m e t e r s a t e ach Stat ion: w ind direct ion a n d f luctuat ion scale . N o e x t e r n a l e l eva t ion cu t s 
were app l ied : t h e e leva t ion l imi t s w e r e imposed by t h e a n t e n n a a n d ho r i zon g e o m e t r y (6 
degrees) . 

T h e r a w observab le u n c e r t a i n t i e s were fu r the r modified by q u a d r a t i c add i t i on of four 
add i t iona l u n c e r t a i n t y componen t s . Only t h e f irst of t h e s e w a s u s e d for M a r k I I I d a t a : a 
source-specif ic c o n s t a n t d e t e r m i n e d from source-specif ic r e s i d u a l s c a t t e r , w h i c h v a r i e s 
from 0 to 150 ps for de lays (0 to 100 fs/s for de lay r a t e s ) , a n d w h i c h t e n d s to b e a s soc i a t ed 
w i th s o u r c e s h a v i n g k n o w n s t r u c t u r e . S u c h d o w n w e i g h t i n g w a s app l i ed to a t o t a l of 39 
sources . M a r k I I d a t a w e i g h t s a lso inc luded t r o p o s p h e r e e r r o r s mode l ed a s c o m p o n e n t s 
p ropor t iona l to t h e a pr ior i w e t t roposphe re cont r ibu t ion to each observable (which grow a s 
the elevat ion a n g l e dec reases ) a t each of t h e two s t a t i ons , w i t h p ropor t iona l i ty c o n s t a n t s of 

IERS(1995) Technical Note No 19. 
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0.042 for de lays a n d 0.24 for delay r a t e s . The four th component i s a n "add i t ive no ise" 
cons tan t selected to m a k e t h e normal ized chi Square of t h e postfit r e s idua l s a p p r o x i m a t e l y 
1. These de lay a n d delay r a t e addi t ive noise cons tan ts were ad jus ted s e p a r a t e l y to r e a c h 
observ ing sess ion. 

T h e r e is a m i n i m u m of 10 observations for all b u t 9 of t h e 290 sources , r a n g i n g u p to 
a m a x i m u m of 403 for 1641+399. All b u t 12 sources have declination u n c e r t a i n t i e s below 1 
m a s , w i t h t h e m e d i a n be ing 0.21 m a s . In spi te of t h e special ca re employed t o e n s u r e 
r e a ü s t i c e r r o r a s s i g n m e n t based on source s t ruc tu re a n d t roposphere cons ide r a t i ons , t h e 
dec l ina t ion u n c e r t a i n t i e s a r e a s smal l as 80 microarcseconds for a n u m b e r of s o u r c e s a t 
h i g h d e c l i n a t i o n s . B a s e d on e x t e r n a l ca ta log compar i sons , we cons ide r t h e s e f o r m a l 
unce r t a in t i e s to be overly optimistic. 

TechnicaldescriptionofsohiticHi J P L 9 5 R 0 2 

1-Technique: VLBI 

2 - Analysis Center : J P L 

3 - S o f t w a r e used: MODEST 

4 - Da ta span: 

5 - Celest ia l Reference F r a m e : 
a - N a t u r e : 
b - Definition of the orientation: 

6 - Te r res t r i a l Reference F r a m e : 
a - Relativity scale: 
b - Velocity of l ight: 
c - Geogravi ta t ional constant : 
d - P e r m a n e n t t idal correction: 
e - Definition of t he origin: 
f - Definition of t h e orientat ion: 
g - Reference epoch: 
h - Tectonic p la te model: 
i - Cons t r a in t for t ime evolution: 

O c t 7 8 - N o v 9 4 

R S ( X J P L ) 9 5 R 0 2 
Ext raga lac t ic 
T h e r i g h t a s c e n s i o n a n d d e c l i n a t i o n of 
0235+164 was held fixed a t t he va lue specified 
i n R S C ( I E R S ) 9 4 C 0 1 . 

S S C ( J P L ) 9 5 R 0 2 
LE (TDT = geocentric wi th IAT) 
299 792458 m/s 
3.98600448 1 0 1 4 m V 2 

Yes 
Goldstone s ta t ions fixed 
UTPM values fixed a t EOP(JPL) 95 C 0 1 
None (daily ad jus tments ) 
None (daily ad jus tments ) 
None 

7 - E a r t h Orientat ion: EOP(JPL) 95 C 01 
a - A priori nu t a t i on model: ZMOA-1990-2 
b - Shor t -per iod t idal var ia t ions in x, y, U T 1 : 

Model a n d coefficients of S o v e r s , J a c o b s , 
Gross, JGR 98,19959 (1993) 

8 - E s t i m a t e d P a r a m e t e r s 
a - Celest ial F r a m e : 

b - Ter res t r i a l F r a m e : 

c - E a r t h Orientat ion: 

d - Others ; 

Right ascension, decl inat ion (all sources , b u t 
see 5b) 

Daily X, Y, Z for S p a i n a n d A u s t r a l i a 
s ta t ions 
Dai ly ce les t ia l pole offsets , w i t h 92 /3 /22 
reference day 
Dry zeni th tropospheric delays 
Wet zeni th t ropospheric delays 
S ta t ion clock offsets, r a t e s , a n d f requency 
offsets 
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90° 

24h 

-90° 

Distribution over the sky of the 290 extragalact ic radio sources of t h e ce les t ia l frame 
RSC(JPL) 95 R 02 . Fi l led circles indicate radio sources w i t h u n c e r t a i n t i e s i n r ight 
ascension ( a cos 5) and declination smaller than 0.0003". 
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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 : F I N A L R E P O R T 

N O A A 9 5 R O I , 0 2 

J . R. Ray , M.D. Abell , W . E . C a r t e r , W.H. Dil l inger , a n d M.L. Mor r i son , 
Geosciences Labora to ry , N O A A N / O E S 1 3 , SSMC-4, 1305 E a s t - W e s t H ighway , Si lver Sp r ing , 
Mary land 20910-3281, U S A 

R e s u l t s f rom t w o V L B I Solu t ions a r e s u b m i t t e d u s i n g n e a r l y 2 0 7 0 0 0 m o r e 
observa t ions t h i s yea r , a n i nc rease of more t h a n 2 0 % over l a s t yea r . M o s t of t h e ava i l ab l e 
M a r k I I I VLBI d a t a from 1980 S e p t e m b e r t h r o u g h 1994 h a v e b e e n inc luded. N O A A 9 5 R 0 1 
repor t s e s t i m a t e d v a l u e s for t h e coordina tes of 249 rad io sources (73 m o r e t h a n l a s t y e a r ) , 
t e r r e s t r i a l s i t e coord ina tes a n d velocit ies for 111 po in t s (5 m o r e t h a n l a s t yea r ) , a n d a t i m e 
ser ies of 1773 E a r t h o r i e n t a t i o n v a l u e s . A s e p a r a t e se r i e s of quas i -da i l y U T 1 v a l u e s i s 
repor ted in NOAA 95 R 02 for 2397 epochs, referenced to t h e NOAA 94 R 0 1 System. All t i da l 
effects a r e i n c l u d e d in t h e r e p o r t e d E O P v a l u e s , i n c l u d i n g 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 . 

T h e m o s t s igni f icant c h a n g e s s ince our Submiss ion l a s t y e a r [Ray et dl., 1994] a r e 
s u m m a r i z e d be low: 

• F i r s t d a t a a r e i n c l u d e d from t h e fol lowing V L B I fac i l i t i es : 2 5 - m OV-VLBA 
a n t e n n a ( O w e n s Va l l ey , CA, U S A ) , 22-m C R I M E A a n t e n n a ( S i m e i z , C r i m e a ) , 2 5 - m 
U R U M Q I a n t e n n a (Ch ina ) , a n d 20-m NYALES20 a n t e n n a (Ny Ale sund , Sp i t zbe rgen ) . T h e 
t ime ser ies of d a t a from D S S 15 (Goldstone, CA, USA) w a s b r o k e n in to t w o s e g m e n t s , before 
(DSS15) a n d after ( D S S l ö p q ) t h e L a n d e r s e a r t h q u a k e of 1992 J u n e 28 ; t h e veloci ty of each 
s egmen t w a s cons t r a ined to ag ree wi th t h a t of M O J A V E 12. 

• D u r i n g 1994, s e v e r a l s igni f icant c h a n g e s w e r e m a d e i n t h e V L B I o b s e r v i n g 
p r o c e d u r e s for t h e q u a s i - d a i l y U T 1 obse rv ing s e s s ions . A t t h e S t a r t of t h e y e a r , t h e 
f requency s e q u e n c e s w e r e c h a n g e d to t h e s a m e s e t of w i d e b a n d s e q u e n c e s u s e d i n t h e 
NEOS-A sess ions . O n 1994 Feb . 24 , W E S T F O R D w a s rep laced by N R A 0 8 5 _ 3 a s t h e w e s t e r n 
end of t h e V L B I base l i ne . B e g i n n i n g 1994 J u l . 0 1 , t h e d a t a acquis i t ion m o d e w a s c h a n g e d 
from 14 Channe l s u s i n g u p p e r s i d e b a n d only w i t h 4 -MHz b a n d w i d t h s a m p l e d i n e a c h 
Channel to 28 Channels u s i n g u p p e r a n d lower s i d e b a n d s w i t h 2 -MHz b a n d w i d t h s a m p l e d 
in each Channel . Bo th modes record t h e s a m e n u m b e r of d a t a s a m p l e s a n d the re fo re yield 
t h e s a m e sens i t iv i ty . 

O u r d a t a a n a l y s i s p rocedu re s a r e o the rwi se t h e s a m e a s t h o s e de sc r i bed l a s t y e a r 
[Ray etal., 1994]. 
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Te^mk^deacnpäon N O A A 9 5 R 0 1 a n d 9 5 R 0 2 

1 - Technique: V L B I 

2 - Analysis Center : 

3 - Software used: 

4 - D a t a span : 

Celest ial Reference F r a m e : 
a - N a t u r e : 
b - Definition of t h e orientat ion: 

NOAA VLBI Ana lys i s C e n t e r , Geosc i ences 
Laboratory, N / O E S 1 3 , SSMC-4 , 1305 E a s t -
Wes t H ighway , S i lve r S p r i n g , M D , U S A 
209103281 

COREL a n d F R N G E for t h e M a r k I I I d a t a 
c o r r e l a t i o n a n d f r i n g e - f i t t i n g ; DE200 
ephemerides ; CALC-7.6 for t h e o r e t i c a l s a n d 
par t ia ls ; SOLVE-3 for p a r a m e t e r e s t i m a t i o n . 

Sep. 1980 - J a n . 1995 for N O A A 9 5 R 01 
Apr. 1984 - Dec. 1994 for NOAA 9 5 R 02 

R S ( X N O A A ) 9 5 R 0 1 
Extragalact ic radio sources 
The RA origin a t epoch J2000 .0 is specified tjy 
cons t ra in ing 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 7 1 " p r i m a r y " s o u r c e s ( e a c h 
weighted by t h e cosine of i t s dec l ina t ion) to 
equal t he corresponding s u m o b t a i n e d from 
R S C ( I E R S ) 9 3 C 0 1 . 
The orientat ion is specified by fixing t h e E O P 
values for the reference epoch 1991 A u g u s t 
12 19:49:50 a t va lues i n t e r p o l a t e d from t h e 
EOPOERS) 90 C 04 series. 

S S C ( N O A A ) 9 5 R 0 1 
Radio source coordinates a r e in S S B System; 
t e r r e s t r i a l s i t e coord ina te s a r e g e o c e n t r i c 
(ignoring the local g rav i t a t iona l p o t e n t i a l of 
the Ear th ) 
299 792 458. m/s 
not applicable 
No correction is appl ied to r emove t h e zero-
frequency d i sp lacemen t i n t r o d u c e d by t h e 
solid E a r t h t ide model. 

e - Definition of origin: 
T h e coord ina te origin of t h e te r res t r ia l reference f rame is specified by s e t t i n g t h e 
vec tor s u m of t h e adjusted coordinates for 20 VLBI si tes equal to t h e c o r r e s p o n d i n g 
vector s u m for ITRF-92 a t epoch 1988.0. The sites used in t h e origin c o n s t r a i n t a r e : 

W E S T F O R D , R I C H M O N D , ALGOPARK, GILCREEK, N R A 0 8 5 _ 3 , P L A T T V I L , 
M O J A V E 1 2 , OVRO^130 , VNDNBERG, ONSALA60, E F L S B E R G , W E T T Z E L L , 
K A S H I M A , S E S H A N 2 5 , DSS65 , KAUAI, KWAJAL26, H O B A R T 2 6 , D S S 4 5 , a n d 
H A R T R A O . 

6 - Te r re s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 

b - Velocity of l ight: 
c - Geogravi ta t ional constant : 
d - P e r m a n e n t t ida l correction: 

f - Definition of orientat ion: 

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

Cons t r a in t for t ime evolution: 

The orientat ion is specified by fixing t h e E O P 
values for t he reference epoch 1991 A u g u s t 
12 19:49:50 a t va lues i n t e r p o l a t e d from the 
EOPOERS) 90 C 04 series. 
19930 
NNR-NUVEL1A 

T h e secu la r t r ans la t iona l velocity and rotat ional velocity of t h e t e r r e s t r i a l r e f e r ence 

S ? n ^ ? r i e
A

S p e C f 1 , e ? ^ ^ h
D

a r S e t 0 f £ 2 n s t r a i n t s to m a t c h the n e t mot ion of t h e N N R -
NUVEL1A model for 10 VLBI sites. The sites used in t he velocity c o n s t r a i n t s a re-
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W E S T F O R D , R I C H M O N D , ALGOPARK, GILCREEK, N R A 0 8 5 _ 3 , PLATTVIL, 
ONSALA60, EFLSBERG, WETTZELL, and KAUAI. 

Earth orientation: 
a - A priori nutat ion model: 

EOP(NOAA) 95 R Ol, R 02 
The IAU(1980) nutat ion model i s applied a 
priori and the reported nutation offset values 
are with respect to this model. However, the 
ZMAO-1990.2 model is also used to model the 
t ime Variation between tabular points in the 
NOAA EOP a priori file. 

b - Short-period tidal variations in x, y, UT1: The model of Herring [1993] has been 
used to model tidal var iat ions in x, y, and 
U T 1 n e a r d i u r n a l a n d s e m i - d i u r n a l 
frequencies. These tidal effects are included 
in the reported EOP values . 

8 - Est imated Parameters: 
Celestial Frame: a 

b - Terrestrial Frame: 

c - Earth Orientation: 

d - Others: 

Right ascension, declination. 
A constraint is applied such that the s u m of 
the adjusted RA v a l u e s for 7 1 "primary" 
radio sources (each weighted by the cosine of 
i t s decl inat ion) equa l s the corresponding 
sum from RSC(IERS) 93 C 01 . 
N o celestial frame parameters are adjusted 
f o r E O P ( N O A A ) 9 5 R 0 2 . 
XO, YO, ZO, Xdot, Ydot, Zdot. 
Constraints are applied, as described above, 
to fix the coordinate origin and to fix the net 
translational and rotational velocit ies; note 
that the coordinates are e s t i m a t e d at the 
mean epoch for each s i te and subsequent ly 
projected to a common epoch. 
N o t e r r e s t r i a l f r a m e p a r a m e t e r s are 
adjusted for EOP(NOAA) 95 R 02. 
x , y , U T l - U T C , 5y8e . 
EOP v a l u e s for the reference epoch 1991 
August 12 19:49:50 are held fixed at values 
interpolated from the EOP(IERS) 90 C 04 
series . 
Only UT1-UTC parameters are adjusted for 
E O P ( N O A A ) 9 5 R 0 2 . 
- residual zenith tropospheric delay at each 
V L B I s i t e u s i n g c o n s t r a i n e d o f f se t 
parameters at each 1-hour interval and the 
N M F "dry" a n d "wet" mapping modeis ; no 
tropospheric p a r a m e t e r s are adjus ted for 
E O P ( N O A A ) 9 5 R 0 2 . 
- Station clock offsets relative to one reference 
clock i n e a c h o b s e r v i n g s e s s i o n u s i n g 
s e g m e n t e d po lynomia l m o d e i s ; only one 
clock offset and one clock rate parameter are 
adjusted for EOP(NOAA) 95 R 02. 
- no observations w i th a n e levat ion angle 
below 5 degrees are included in the analysis . 
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90° 

24h 

-90° 

Distribution over the sky of the 249 extragalactic radio sources of the ce lest ia l frame 
RSC(NOAA) 95 R Ol. Fil led circles indicate radio sources wi th uncerta int ies in r ight 
ascension ( a c o s 8) and declination smaller than 0.0003". 

S f w Ä f f £ l ? p ^ f i 5 n ! V f o Ä f S ' e
c
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EOP(NOAA)95R01 From Sep 1980 to Jan 1995 

Number of measurements per year and median uncertainties 
Units : 0.001" for X , Y, öy, 5e; 0.0001s for UT1 

YEAR 

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

Nb 

16 
6 
10 
17 
82 
108 
120 
141 
159 
186 
194 
173 
218 
169 
172 
1 

X 
Sigma 

0.62 
0.99 
1.09 
0.96 
0.66 
0.43 
0.41 

0.39 
0.33 
0.24 
0.20 
0.21 

0.14 
0.12 

Nb 

16 
6 
10 
17 
82 
108 
120 

159 
186 
194 
173 
218 

172 
1 

Y 
Sigma 

0.66 
1.14 
0.97 
1.74 
0.69 
0.44 
0.39 

0.37 
0.32 
0.24 
0.21 
0.22 

0.14 
0.13 

Nb 

16 
6 

10 
17 
82 
108 
120 

159 
186 
194 
173 
218 

172 
1 

ÜT1 
Sigma 

0.31 
0.57 
0.45 
0.72 
0.36 
0.22 
0.20 

0.20 
0.16 
0.12 
0.09 
0.09 

0.06 
0.05 

Nb 

16 
6 
10 
17 
82 
108 
120 

159 
186 
194 
173 
218 

172 
1 

8y 
Sigma 

0.98 
1.33 
1.76 
1.58 
0.99 
0.62 
0.59 

0.53 
0.46 
0.37 
0.33 
0.34 

0.26 
0.23 

Nb 

16 
6 
10 
17 
82 
108 
120 

159 
186 
194 
173 
218 

172 
1 

Ö£ 
Sigma 

0.33 
0.46 
0.51 
0.49 
0.35 
0.23 
0.22 

0.21 
0.19 
0.15 
0.13 
0.14 

0.11 
0.09 

E O P ( N O A A ) 9 5 R 0 2 From Apr 1984 to Dec 1994 

N u m b e r of m e a s u r e m e n t s pe r year a n d med ian unce r t a in t i e s 
Uni t s :0 .0001s for U T 1 

YEAR UT1 
Nb Sigma 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

64 
159 
237 
245 
255 
234 
261 
247 
223 
260 
212 

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

.00 

.57 

.58 

.56 

.56 

.58 

.58 

.55 

.40 

.39 

.40 
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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 ) 95 R Ol 

A.-M. Gont ie r , E . E isop , M. Fe i s se l 
Observato i re de P a r i s - 61 Avenue de TObservatoire 
75014 P a r i s , F r a n c e 

T h e se r ies is b a s e d on t h e ana lys i s of VLBI observa t ions o b t a i n e d i n t h e f r a m e w o r k 
of t he IRIS p r o g r a m on t h e Wettzel l -Westford base l ine over 1988-1994 a n d on t h e Wet t ze l l -
N R A 0 8 5 - 3 ba se l i ne s ince M a r c h 1994. T h e l a t i t ude of t h e s t a t i ons a r e respec t ive ly 49°, 43° 
a n d 38° N . T h e obse rva t ions consis t of two scans of each of t h e four r a d i o sou rces i n t h e 
p rog ram (four s c a n s s ince October 1991), r e p e a t e d on all days w h e n no 24h r o u t i n e IRIS-A 
is s c h e d u l e d . T h e Obse rva t ion l i s t i n c l u d e s two h i g h d e c l i n a t i o n s o u r c e s (0212+735, 
1803+784), a n d two lower dec l ina t ion sources which a r e c h a n g e d a b o u t every t h r e e m o n t h s . 
This s chedu l ing r e s u l t s in t h r e e - m o n t h b a t c h e s w i th c o n s t a n t g e o m e t r y a n d s i d e r e a l t i m e 
of Observation. I t is o p t i m i s e d for t h e d e t e r m i n a t i o n of u n i v e r s a l t i m e . T h e a n a l y s i s is 
s imilar to t h a t descr ibed by Gont ie r et al. (1993). 

T h e d a t a ana ly s i s inc ludes t h e adopt ion of fixed va lue s for t h e coord ina tes of s t a t i o n s 
a n d sources , for t h e pole coord ina tes (x, y) a n d t h e celest ia l pole offsets (dy , de). All v a l u e s 
were a d o p t e d from homogeneous I E R S r e s u l t s : SSC(IERS) 94 C Ol a n d t h e N N R - N U V E L 1 
model for t h e t e r r e s t r i a l f rame, RSC(IERS) 94 C Ol for t h e celes t ia l f r ame , 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 coord ina te s of t h e pole ( cor rec ted for t h e b i a s 
r ecommended in t h e 1993 I E R S A n n u a l Repor t , p . 11-19). 

Mode l l ing of obse rva t ions 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 Software G L O R I A 
(Global Rad io - In te r fe romet ry Analys is , see Gont ie r 1992), which follows gene ra l ly t h e I E R S 
S t a n d a r d s (McCar thy , 1992), w i t h t h e following pecul iar i t ies : 

- 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 rame a n d t h e ce les t ia l f rame m a k e s u s e 
of Guinot ' s (1979) n o n - r o t a t i n g origin (or d e p a r t u r e poin t ) concept (Gont i e r 1 9 9 1 , C a p i t a i n e 
and Gont ie r 1993), 

- t h e t ropospher ic correct ion is b a s e d on S a a s t a m o i n e n (1972) zen i t h de l ay u s i n g t h e 
CFA 2.2 m a p p i n g funct ion (Davis et al, 1985) for t h e d ry componen t a n d t h e C h a o (1974) 
m a p p i n g func t ion for t h e w e t c o m p o n e n t (see t h e r e f e rences i n t h e I E R S S t a n d a r d s , 
McCar thy , 1992). 

- t h e BDL2000 ephemer i s (Chapront-Touz6 a n d C h a p r o n t 1983, B r e t a g n o n 1982). 

E d i t i n g of observa t ions is performed by 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 sess ion to 
detect ou 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 ) i s k n o w n to b e l e s s s ens i t i ve to ou 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 ) 
technique w h e n t h e degree of freedom of a n e s t ima t ion is low (Bougeard 1992). 

A c k n o w l e d g e m e n t s , We a re t h a n k f u l to J . Mor r i son (NOAA) for p rov id ing t h e p a s t a n d 
c u r r e n t Observa t ion d a t a s e t s , a n d to J . S o u c h a y ( P a r i s O b s e r v a t o r y ) for t h e L i n o r m 
es t ima t ion Software. 
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EOP(OPA) 95 R 01 From J a n 1988 to Dec 1994 

N u m b e r of m e a s u r e m e n t s pe r yea r 
a n d med ian uncer ta in t i e s 
U n i t s : 0 .0001sforUT1 

YEAR 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Nb 

157 
236 
245 
255 
233 
261 
239 
211 
255 
211 

UT1 
Sigma 

0.34 
0.32 
0.30 
0.27 
0.29 
0.26 
0.22 
0.23 
0.17 
0.15 
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E A R T H R O T A T I O N A N D R E F E R E N C E F R A M E S F R O M V L B I A N A L Y S I S 
SHA 95 R O I 

Yang Zh igeng - S h a n g h a i Obse rva to ry 

T h e S H A E a r t h o r i en t a t i on reduc t ion depends on t h e re fe rence f r ames , w h i c h were 
der ived from al l ava i l ab le VLBI d a t a of IRIS-A n e t w o r k in 1993 a n d N E O S - A n e t w o r k in 
1994, i n s t e a d of u s i n g bo th t h e celest ial a n d t e r r e s t r i a l r e fe rence f r a m e s of a g lobal VLBI 
Solution of t h e VLBI g r o u p a t NASA Godda rd Space F l i gh t Cen t e r . T h i s is a cons ide rab le 
difference from p rev ious Solutions, which were only SOLVK E O P Solution. 

T h e S H A VLBI ce les t i a l a n d t e r r e s t r i a l r e fe rence f r a m e w e r e o b t a i n e d from t h e 
avai lable VLBI d a t a m e n t i o n e d above in a two Solution process . I n t h e first Solut ion, t h e 
calculat ion w a s m a d e b y u s i n g SOLVK Software, in which , t h e po la r mo t ion of E O P ( N E O S ) 
94 R Ol se r i e s w a s t r e a t e d a s a pr ior i pole posi t ion for each sess ion a n d t h e p r io r i U T 1 
m e a s u r e m e n t v a l u e for each sess ion was also t a k e n from t h e s a m e se r ies by f i rs t r e m o v i n g 
the I E R S S t a n d a r d t i da l model , i n t e rpo la t ing wi th a sp l ine to t h e epoch of sess ion , a n d t h e n 
re s to r ing t h e S t a n d a r d t i da l model . T h e n u t a t i o n in long i tude a n d obl iqui ty w a s e s t i m a t e d 
a t t h e s a m e t i m e in t h i s f i rs t Solution. T h e pos i t ions of r a d i o sou rces a n d s t a t i o n s w e r e 
fixed, in w h i c h t h e r i g h t a s c e n s i o n s a n d dec l i na t i ons of a l l obse rved s o u r c e s a n d t h e 
coordina tes of s t a t i o n s in IRIS-A a n d NEOS-A n e t w o r k s we re respec t ive ly t a k e n from t h e 
va lues of I E R S combined celes t ia l reference f rame RSC( IERS) 94 C Ol a n d t h e t e r r e s t r i a l 
reference f rame SSC(IERS) 94 C Ol. 

In t h e second Solution, t h e right ascension of t h e source 0229+131 a n d t h e dec l ina t ion 
of two sources 0229 + 131 a n d 0851 + 202 were held fixed a t t h e v a l u e s g iven in RSC( IERS) 94 
C 0 1 . T h e posi t ion of Wet tze l l was fixed to define t h e origin of t h e t e r r e s t r i a l f r ame whi le i t s 
or ienta t ion w a s defined by fixing t h e direct ion from West ford to Wet tze l l . T h e u p d a t e d E R P 
p a r a m e t e r s in t h e f i rs t Solution w e r e t r e a t e d a s a p r io r i m e a s u r e m e n t s i n t h i s Solution. 
Then , al l p a r a m e t e r s , inc lud ing E R P a n d n u t a t i o n offsets of each s e s s i o n , a n d t h e pos i t ions 
of t h e observed sou rce s a n d involved s t a t i o n s , except for t h e re fe rence r a d i o s o u r c e s a n d 
s ta t ions m e n t i o n e d above, we re globally adjus ted . T h e second Solution, a s f inal r e s u l t s , w a s 
submi t t ed to I E R S . 

T h e e s t i m a t i o n s of S ta t ion pos i t ions w e r e only c a l c u l a t e d in t h e s e c o n d Solut ion, 
because i t is difficult t o e s t i m a t e t h e Stat ion velocities by u s i n g only t h e s e two y e a r s d a t a of 
VLBI e x p e r i m e n t s w i t h t h e a d e q u a t e a c c u r a c i e s . T h e r e f o r e , t h e S t a t i o n ve loc i t i e s of 
N N R - N U V E L 1 tec tonic p l a t e mot ion model were adop ted for t h i s Solution. 

T h e d a t a a n a l y s i s in t h i s r e p o r t u s e d t h e S t a n d a r d mode i s w h i c h w e r e a d o p t e d in 
CALC 7.6 Software. 

IERS(199S) Technical Note No 19. 
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T e c h n i c a l d e s c r i p t i o n o f sohit ions S H A 9 5 R O I 

1 - Techn ique : 

2 - Ana lys i s Cen te r : 

3 - Software used : 

4 - D a t a s p a n : 

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

6 - T e r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty scale: 
b - Velocity of l ight: 
c - Geograv i ta t iona l cons tan t : 
d - P e r m a n e n t t i da l correction: 
e - Definit ion of origin: 

f - Defini t ion of or ienta t ion: 

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

VLBI 

SHA 

CALC7.6, SOLVK/GLOBK 

J a n . 1 9 9 3 - Dec. 1994 

RSC(SHA)95 R Ol 

Ex t r aga lac t i c rad io sources 
T h e o r i e n t a t i o n of t h e f r a m e i s def ined by 
fixing t h e right a scens ion of 0 2 2 9 + 1 3 1 a n d 
the declinations of 0229+131 a n d 0851+202 

S S C ( S H A ) 9 5 R 0 1 
solar System barycen t r i c (SSB) 
299792458 m/s 
3 .98600441510 1 4 m 3 s* 2 

No 
By fixing Wet tze l l coord ina te s (m) a t 1993.0 
(4075539.946,931735.204,4801629.319) 
By f ixing t h e d i r e c t i o n f rom W e t t z e l l t o 
Westford a t t h e reference epoch 
1993.0 
N N R - N U V E L 1 
Linea r in t ime by fixing N N R - N U V E L 1 p l a t e 
mot ion model 

7 - E a r t h or ienta t ion: EOP(SHA) 95 R 01 
a - A pr ior i n u t a t i o n model : IAU(1980) n u t a t i o n ser ies 
b - Shor t -per iod t ida l var ia t ions in x ,y ,UTl : No 

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

r i g h t ascension, dec l ina t ion 
X 0 , Y 0 , Z 0 
x, y, UT1-UTC, 8\|r, 6e 
a tmospher i c zen i th t i m e de lays , Sta t ion clock 
offsets 
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Distribution over the sky of the 45 extragalact ic radio sources of t h e ce les t ia l frame 
RSC(SHA) 95 R 0 1 . Fi l led circles indicate radio sources w i th uncer ta in t i e s i n r ight 
ascension ( a cos 8) and declination smaller than 0.0003". 
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Distribution of the uncertainties in right ascension (füll line) and declination (dashed l ine) 
of the celestial frame RSC(SHA) 95 R Ol. 



R-44 

o m 

o 
m 
I 

-T 1 1 1 1 1 1 1 r 1 1 1— 

V 

-i—i—i—i—i—i—r 
9\'"' "̂" 

•ßj 

: .•'•.•:".»•.•,*•••-

-j 1 1 1 1 1 1 i" 
V f , . 

I I I I 1 .1 i i ,, 1 i i i i 1 1 1 1 1 1 1 1 » 1 L. 
-150 -100 -50 50 100 150 

Distribution of the 16 sites of the terrestrial frame SSC(SHA) 95 R Ol. 

UNCERTAINTIES (cm) 
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EOP(SHA) 95 R Ol From Jan 1993 to Dec 1994 

N u m b e r of measurements per year and median uncertainties 
Uni t s : 0.001" for X, Y, 8y,5 e; 0.0001s for U T l 

YEAR 

1993 
1994 

X 
Nb Sigma 

65 0.16 
51 0.10 

Y 
Nb Sigma 

65 0.12 
51 0.07 

Nb 

65 
51 

UTl 
Sigma 

0.07 
0.05 

8y 
Nb Sigma 

65 0.30 
51 0.18 

5e 
Nb Sigma 

65 0.12 
51 0.08 





R-47 

C E L E S T I A L F R A M E : R O R F 9 4 R S C ( U S N O ) 9 5 R 0 0 

Reference: J o h n s t o n et al. (1995), s u b m i t t e d to A J (copies avai lable u p o n r e q u e s t ) 

A c a t a l o g i s p r e s e n t e d b a s e d on t h e r ad io pos i t i ons of 4 3 6 e x t r a g a l a c t i c s o u r c e s 
d i s t r ibu ted oyer t h e e n t i r e sky. T h e posi t ional accuracy of t h e sources i s b e t t e r t h a n 3 m a s 
in b o t h coord ina tes , w i t h t h e major i ty of t h e sources h a v i n g e r ro r s b e t t e r t h a n 1 m a s . Th i s 
cata log is b a s e d u p o n a base l ine Solution (us ing CALC 7.6 a n d S O L V E 4.x) of a l l app l i cab le 
dua l frequency 2.3 GHz a n d 8.4 GHz M a r k - I I I VLBI d a t a ava i lab le t h r o u g h t h e e n d of 1993 
cons is t ing of 1,015,292 p a i r s of g roup delay a n d p h a s e delay r a t e obse rva t ions . T h i s inc ludes 
t h e major i ty of t h e d a t a collected b e t w e e n la te 1979 a n d t h e e n d of 1993 by N A S A , N O A A , 
J P L , U S N O , a n d N R L . T h e final o r ien ta t ion of t h e ca ta log h a s been ob t a ined by a r o t a t i o n of 
t h e pos i t i ons in to t h e Sys tem of t h e I n t e r n a t i o n a l E a r t h R o t a t i o n Se rv ice ( I E R S ) a n d is 
cons is ten t w i t h t h e F K 5 ~ J 2 0 0 0 . 0 optical System, wi th in t h e l imi t s of t h e l i nk accuracy . 

T h e p o s i t i o n s of t h e s o u r c e s w e r e so lved for a s g loba l p a r a m e t e r s . Al l o t h e r 
p a r a m e t e r s w e r e a r e p a r a m e t e r s in t h e Solution. T h e c o o r d i n a t e s of e a c h S t a t i on w e r e 
e s t i m a t e d a s a r e p a r a m e t e r s w i t h t h e except ion t h a t t h e pos i t ion of one S ta t ion i n e a c h 
expe r imen t w a s fixed to i t s a pr ior i va lue a n d served a s t h e local zero po in t of t h e t e r r e s t r i a l 
f rame. T h u s n o t e r r e s t r i a l f r ame or mode l a s s u m p t i o n s for long t e r m Sta t ion m o t i o n s w e r e 
used . 

T h e LAU def in i t ions of p recess ion , s ide rea l t i m e , a n d n u t a t i o n w e r e a d o p t e d a s t h e 
u n d e r l y i n g m o d e i s . B e c a u s e of insufificient knowledge of n u t a t i o n , offset p a r a m e t e r s w i t h 
respec t to t h e IAU S t a n d a r d s for n u t a t i o n in obliquity a n d long i tude w e r e solved for in each 
e x p e r i m e n t . T h e d e g e n e r a e y of t h e a d j u s t m e n t p r o c e s s w i t h r e s p e c t to t h e s e offset 
p a r a m e t e r s w a s fixed b y se l ec t ing 1993 F e b r u a r y 12 a s t h e r e fe rence d a y , a d o p t i n g t h e 
S t anda rds on t h a t day w i t h o u t modif icat ion. All d e t e r m i n e d n u t a t i o n offset p a r a m e t e r s a r e 
t h u s w i t h r e spec t to t h e pole of t h a t reference day . D a t a from different epochs were therefore 
not c o m b i n e d u s i n g t h e S t a n d a r d m o d e i s b u t r a t h e r t h r o u g h t h e s o u r c e s o b s e r v e d i n 
c o m m o n . 

T h e zero po in t of r i g h t ascens ion w a s fixed by a rb i t r a r i l y a d o p t i n g t h e J 2 0 0 0 . 0 right 
a s c e n s i o n of 0 4 2 0 - 0 1 4 to def ine t h e equ inox of t h e Solution. T h i s s o u r c e w a s c h o s e n 
p r imar i l y b e c a u s e of i t s good observ ing h is tory (~ 21,000 observa t ions) a n d i t s p rox imi ty to 
the ce les t ia l e q u a t o r . 

F i n a l l y , t h e source coord ina tes w e r e r o t a t e d i n to t h e System of t h e I E R S u s i n g t h e 
U S N O n 9 4 0 9 celes t ia l reference f rame. T h e re la t ive o r i en ta t ion of t h e f r ames ( t h r ee ro t a t i on 
ang les for t h e t h r e e a x e s ) def ined by t h e s e Solut ions w a s o b t a i n e d by a l e a s t - s q u a r e s 
a d j u s t m e n t b e t w e e n c o m m o n sources . T h e r e s u l t i n g t h r e e r o t a t i o n p a r a m e t e r s w e r e t h e n 
used t o t r a n s f o r m all pos i t ions from our Solution into t h e System of t h e I E R S . C o n s e q u e n t l y , 
t he R O R F 9 4 pos i t i ons a r e cons i s t en t w i t h t h e I E R S celes t ia l röference Sys tem. H o w e v e r , 
t he re r e m a i n s a n - 0 . 3 m a s r o t a t i o n in r i g h t ascens ion b e t w e e n t h e R O R F 9 4 pos i t i ons a n d 
the c u r r e n t 1994 I E R S f rame . T h i s ro t a t i on is p r e s u m a b l y a consequence of t h e d i f ferent 
m e t h o d u s e d h e r e to c o n s t r u e t t h e ce les t ia l f r ame b u t i s wel l w i t h i n t h e y e a r to y e a r 
va r i a t i ons i n t h e I E R S frame. 

IERS(1995) Technical Note No 19. 
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Parametrizat ion of t h e RORF94 Solution. 

MODELS: 
Solar Sys tem: P E P p lane ta ry ephemer i s 
Precess ion/s iderea l t ime : IAU 1984 
Solar re la t ivis t ic deflection of l ight: IERS S t a n d a r d s 
Solid E a r t h t ides: IERS S t a n d a r d s 
Ocean loading: IERS S t a n d a r d s 
Sub-d iu rna l E a r t h or ienta t ion 

C A L I B R A T I O N S : 
Troposphere 
Ionosphere 
I n s t r u m e n t a l 

M T T D R F L Y u s i n g meteorological d a t a 
S i m u l t a n e o u s S/X observat ions 
L e n g t h of t im ing s ignal /phase cal cable 

A D J U S T E D P A R A M E T E R S : 
Global Source posi t ions 
Are S ta t ion posi t ions 

N u t a t i o n offsets in longitude a n d obliquity 
Po lynomia l clocks 
Zen i th a t m o s p h e r e delays 
C o n s t r a i n e d a t m o s p h e r e r a t e s 

M I S C E L L A N E O U S : 
Elevat ion cutoff 7.0 degrees 
Reference day 1993 February 12 
D a t a type Group delays a n d phase delay r a t e s 
Observat ions 1,015,292 
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Distribution over the sky of the 436 extragalactic radio sources of the ce les t ia l frame 
RSC(USNO) 95 R 00 . Fi l led circles indicate radio sources wi th uncerta int ies in r ight 
ascension (oc cos 5) and declination smaller than 0.0003". 
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Distribution of the uncertainties in right ascension (füll line) and declination (dashed line) 
of the celestial frame RSC(USNO) 95 R 00. 
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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 A V A L O B S E R V A T O R Y 
V L B I P R O G R A M 

U S N O 9 5 R 0 4 , 0 5 

T .M. E u b a n k s , B.A. A r c h i n a l , M.S . C a r t e r , F . J . J o s t i e s , D .N . M a t s a k i s , a n d D . D . 
McCar thy , U . S . N a v a l Observa tory , Wash ing ton , D.C., 20392-5100 

Technical descr ip t ionof Solution USNO 95 R 04 

1 - Technique: V L B I 

2 - Analys is Cente r : U S N O 

3 - Software used: Calc. 7 - 6 

4 - D a t a span: 

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

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

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

R S ( X U S N O ) 9 5 R 0 4 
ex t r aga lac t i c 
M e a n 5 0 s o u r c e s i n R i g h t A s c e n s i o n . 
I n d i r e c t l y t h r o u g h m e a n I E R S B u l l . A 
va lues for n u t a t i o n . 

S S C ( U S N O ) 9 5 R 0 4 
geocen t r i c 
299 792 458 m/s 

No 
M ean of 12 s t a t ions posi t ions in ITRF-93 
M ean IERS Bull . A va lues for U T l a n d po la r 
mot ion 
1 J a n u a r y 1993 
1995 - 4 empir ical model 
M e a n of 12 Stat ion veloci t ies w i t h t h e N u v e l 
model a s a pr ior i 

7 - E a r t h Orienta t ion: 
a - A pr ior i n u t a t i o n model: 
b - Shor t -per iod t ida l va r ia t ions in x, y, U T l : 

8 - E s t i m a t e d P a r a m e t e r s 
a - Celes t ia l F r a m e : 
b - Te r r e s t r i a l F r a m e : 
c - E a r t h Or ien ta t ion : 
d - Others : 

IERS(1995) Technical Note 19. 
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90° 
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D i s t r i b u t i o n over t h e s k y of t h e 536 e x t r a g a l a c t i c r ad io sou rces of t h e c e l e s t i a l f r a m e 
R S C ( U S N O ) 9 5 R 04 . F i l l ed circles i nd ica t e r ad io sources w i t h u n c e r t a i n t i e s i n r i g h t 
a scens ion ( a cos S) and decl inat ion smal le r t h a n 0.0003". 
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0.003" a r e n o t shown. 
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Distribution of the 65 sites of the terrestrial frame SSC(USNO) 95 R 04. 
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E O P ( U S N O ) 9 5 R 0 4 From Nov 1979 to Jul 1995 

Number of measurements per year and median uncertainties 
Uni ts : 0.001" for X, Y, 6>, 6e; 0.0001s for U T l 

YEAR 

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

Nb 

1 
19 
7 
16 
17 
87 
92 

107 
136 
133 
167 
203 
211 
236 
171 
164 
58 

X 
Sigma 

1.00 
0.53 
0.76 
0.80 
1.11 
0.57 
0.36 

0.34 
0.27 
0.23 
0.21 
0.19 

0.13 
0.10 
0.09 

Nb 

1 
19 
7 
16 
17 
87 
92 

136 
133 
167 
203 
211 

171 
164 
58 

Y 
Sigma 

0.97 
0.55 
1.64 
0.79 
2.04 
0.56 
0.36 

0.31 
0.27 
0.22 
0.21 
0.18 

0.12 
0.08 
0.07 

Nb 

1 
19 
7 
16 
17 
87 
92 

136 
133 
167 
203 
211 

171 
164 
58 

UTl 
Sigma 

0.52 
0.26 
0.53 
0.37 
0.77 
0.30 
0.20 

0.18 
0.15 
0.11 
0.10 
0.09 

0.06 
0.05 
0.05 

Nb 

1 
19 
7 
16 
17 
87 
92 

136 
133 
167 
203 
211 

171 
164 
58 

5y 
Sigma 

2.09 
0.89 
0.97 
1.43 
2.13 
0.93 
0.59 

0.50 
0.44 
0.39 
0.35 
0.33 

0.23 
0.19 
0.16 

Nb 

1 
19 
7 
16 
17 
87 
92 

136 
133 
167 
203 
211 

171 
164 
58 

5e 
Sigma 

1.05 
0.43 
0.54 
0.60 
0.74 
0.40 
0.26 

0.23 
0.18 
0.16 
0.14 
0.13 

0.10 
0.08 
0.07 

E O P ( U S N O ) 9 5 R 0 5 From Dec 1993 to Jul 1995 

Number of measurements per year and median uncertainties 
U n i t s : 0.0001" for U T l 

YEAR 

1993 
1994 
1995 

Nb 

3 
213 
139 

UTl 
Sigma 

0.12 
0.18 
0.13 


