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A c o m b i n a t i o n of i n d e p e n d e n t l y - d e t e r m i n e d Earth or ientat ion data h a s b e e n 
g e n e r a t e d from s p a c e - g e o d e t i c observat ions s p a n n i n g 1976-1992. The a p p r o a c h taken 
is b a s e d u p o n a K a i m a n filter that w a s d e v e l o p e d at the Jet P r o p u l s i o n Laboratory 
(JPL) for just s u c h a p u r p o s e (Eubanks 1988; Morabito et al 1988). The Ka iman filter is 
a s e q u e n t i a l e s t i m a t i o n t e c h n i q u e that c o m b i n e s o b s e r v a t i o n s of t h e Earth's 
or i enta t ion in a r i g o r o u s l y se l f -cons is tent m a n n e r p r o d u c i n g s m o o t h e d , in terpo la ted 
e s t i m a t e s of U T l a n d the x- a n d y - c o m p o n e n t s of po lar m o t i o n (PMX a n d PMY, 
respect ive ly ) . 

Informat ion about the data that h a v e b e e n c o m b i n e d is g i v e n in Table 1. Al l 
p u b l i c l y ava i lab le , i n d e p e n d e n t d e t e r m i n a t i o n s of the Earth's o r i e n t a t i o n b y the 
m o d e r n , s p a c e - g e o d e t i c t e c h n i q u e s of v e r y l o n g b a s e l i n e i n t e r f e r o m e t r y (VLBI), 
sate l l i te laser r a n g i n g (SLR), lunar laser r a n g i n g (LLR), and the g loba l p o s i t i o n i n g 
Sys tem (GPS) h a v e b e e n u s e d . Since it w a s des irable to c o m b i n e o n l y i n d e p e n d e n t 
d e t e r m i n a t i o n s of the Earth's or ientat ion , o n l y o n e GPS data set w a s u s e d , n a m e l y , 
that d e t e r m i n e d at JPL (Blewitt , pr ivate c o m m u n i c a t i o n , 1993; note that o n l y the G P S 
p o l a r m o t i o n re su l t s w e r e u s e d ) , o n l y o n e LLR data set w a s u s e d , n a m e l y , that 
d e t e r m i n e d at JPL ( N e w h a l l , private c o m m u n i c a t i o n , 1992) and on ly o n e SLR data set 
w a s u s e d , n a m e l y , that d e t e r m i n e d at the U n i v e r s i t y of T e x a s Center for S p a c e 
Research (UTCSR; Eanes , pr ivate c o m m u n i c a t i o n , 1992; note that the SLR U T l results 
w e r e n o t u s e d here in d u e to p r o b l e m s assoc iated w i t h separat ing this c o m p o n e n t of 
the Earth's or i enta t ion from the effects of u n m o d e l e d forces act ing o n the sate l l i te 
c a u s i n g the n o d e of its orbit to drift) . Three di f ferent data se t s d e r i v e d f r o m 
i n d e p e n d e n t VLBI o b s e r v a t i o n s h a v e b e e n u s e d : the a p p r o x i m a t e l y t w i c e - a - w e e k 
Single base l ine m e a s u r e m e n t s m a d e u s i n g the radio te lescopes of N A S A ' s D e e p Space 
N e t w o r k ( D S N ; S t e p p e , p r i v a t e c o m m u n i c a t i o n , 1992) , the m e a s u r e m e n t s m a d e 
u n d e r t h e a u s p i c e s of t h e In ternat iona l R a d i o Inter ferometr ic S u r v e y i n g (IRIS) 
s u b c o m m i s s i o n a n d a n a l y z e d at N O A A ' s Laboratory for G e o s c i e n c e s (IRIS Earth 
Or ienta t ion Bul le t in N o . 108, February , 1993; both their t w i c e - a - w e e k m u l t i b a s e l i n e 
resu l t s a n d their I n t e n s i v e U T l resu l t s at da i ly intervals h a v e b e e n u s e d ) , a n d the 
U T P M d e t e r m i n a t i o n s m a d e b y the VLBI g r o u p of the N A S A Crusta l D y n a m i c s 
Project (CDP) at G o d d a r d Space Flight Center (GSFC) from both their o w n C D P VLBI 
observa t ions a n d from the C D P reduct ion of the IRIS mult ibase l ine observa t ions (Ma, 
p r i v a t e c o m m u n i c a t i o n , 1993). N o t e that bo th the IRIS a n d C D P ser ies u s e d here 
i n c l u d e U T P M v a l u e s d e t e r m i n e d by their o w n respect ive reduct ions of data taken b y 
the U n i t e d States N a v a l O b s e r v a t o r y ( U S N O ) . A g a i n , s i n c e it w a s d e s i r a b l e to 
c o m b i n e o n l y i n d e p e n d e n t U T P M determinat ions , n o series d e r i v e d at the U S N O w a s 
u s e d ( s ince t h e U S N O data are r e d u c e d by , and the resu l t s i n c l u d e d in , the IRIS 
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a n d C D P s e r i e s ) , a n d t h e re su l t s of the C D P r e d u c t i o n of the IRIS a n d U S N O 
o b s e r v a t i o n s w e r e u s e d d u r i n g 1979-1992.7 , w i t h the IRIS m u l t i b a s e l i n e ser ies b e i n g 
u s e d after 1992.7 (all of the IRIS Intens ive results w e r e u s e d , h o w e v e r ) . 

Before c o m b i n i n g the ser ies , the effect of the so l id Earth t ides u p o n U T l w a s 
r e m o v e d b y u s i n g the m o d e l of Yoder et al. (1981). A l s o , the m o d e l of D i c k m a n (1992) 
w a s u s e d to r e m o v e the effect of the l o n g per iod (fortnightly a n d longer) oceanic t ides 
u p o n U T l [ the D i c k m a n (1992) o c e a n i c correct ions to the Y o d e r et al (1981) resul ts 
w e r e ac tua l ly r e m o v e d ] . Final ly , the empir ica l m o d e l of H e r r i n g (1992) w a s u s e d to 
r e m o v e the effect of the s e m i - d iurna l a n d d iurna l o c e a n i c t ides u p o n t h o s e U T l 
v a l u e s that w e r e d e t e r m i n e d f r o m o b s e r v a t i o n s s p a n n i n g a s h o r t e n o u g h t i m e 
interval that t h e s e t idal effects s h o u l d b e present in t h e m (name ly , the LLR, D S N and 
IRIS I n t e n s i v e s e r i e s ) . T h e IRIS I n t e n s i v e U T l v a l u e s are d e t e r m i n e d f r o m 
o b s e r v a t i o n s s p a n n i n g a s h o r t e n o u g h t i m e in terva l that the s e m i - d i u r n a l a n d 
d iurnal o c e a n i c t idal t erms s h o u l d be present at e s sent ia l ly füll a m p l i t u d e . H o w e v e r , 
t h e LLR a n d D S N o b s e r v a t i o n s s p a n a l o n g e n o u g h t ime in terva l that the s e m i ­
d iurna l a n d d iurna l o c e a n i c t idal t erms wi l l b e a t t enuated . T h u s , for the LLR and 
D S N ser ie s , a n a t t e n u a t e d v e r s i o n of the H e r r i n g (1992) s e m i - d i u r n a l a n d d iurnal 
o c e a n i c t idal t erms w a s r e m o v e d . T h e a t tenuat ion factor a p p l i e d d e p e n d s u p o n the 
f r e q u e n c y ( w ) of the tidal term, as w e l l as the dura t ion t ime (T) of the o b s e r v a t i o n s 
(e.g. Guinot , 1970) a n d is g i v e n b y [ s i n ( w T / 2 ) ] / [ w T / 2 ] . 

Prior to c o m b i n i n g the data, series-specif ic corrections w e r e appl i ed for bias and 
rate, a n d the s tated uncerta int ies w e r e adjusted b y m u l t i p l y i n g t h e m b y series-specif ic 
sca le factors. V a l u e s for these bias-rate correct ions and uncerta inty scale factors w e r e 
d e t e r m i n e d in an i terat ive , r o u n d - r o b i n t y p e a p p r o a c h w h e r e i n e a c h data se t w a s 
c o m p a r e d t o a c o m b i n a t i o n of all o ther data se t s ( e x c e p t for the G P S a n d IRIS 
m u l t i b a s e l i n e s er i e s w h i c h w e r e treated s e p a r a t e l y as d e s c r i b e d b e l o w ) . First, a 
re ference ser ies (an e x t e n s i o n of SPACE91) w a s u s e d to init ial ly correct the bias and 
rate of each ser ies s o that it agrees (in bias a n d rate) w i t h the reference series . This w a s 
d o n e for the so l e p u r p o s e of init ial ly a l i gn ing the series w i t h each other in an at tempt 
to r e d u c e the required n u m b e r of round-rob in i terat ions . The s tated uncerta int ies of 
the ser ies w e r e no t adjus ted at this t ime. A n y incons i s t enc i e s i n t r o d u c e d b y u s i n g a 
re ference ser i e s for th is init ial b ias-rate a l i g n m e n t s h o u l d b e r e m o v e d d u r i n g the 
s u b s e q u e n t i terat ive , round-rob in procedure . 

After init ial b ias-rate a l i g n m e n t , the r o u n d - r o b i n p r o c e d u r e w a s p e r f o r m e d 
w h e r e i n the b ias a n d rate of each ser ies w a s i terat ive ly adjus ted to be in a g r e e m e n t 
w i t h the b ias a n d rate e x h i b i t e d b y a c o m b i n a t i o n of all the other ser ies , w i t h rate 
a d j u s t m e n t s b e i n g d e t e r m i n e d o n l y for t h o s e ser ies w h o s e o v e r l a p w i t h all the other 
ser ies w a s great e n o u g h that re l iable rate d e t e r m i n a t i o n s c o u l d be m a d e . T h e stated 
uncer ta in ty of each ser ies w a s adjusted b y a p p l y i n g a mul t ip l i ca t ive factor that m a d e 
the res idual of that data, w h e n dif ferenced w i t h a combinat ion of all other data, h a v e a 
r e d u c e d ch i - square of o n e . N o t e that the formal error a s soc ia ted w i t h the res idual in 
ca lculat ing t h e r e d u c e d ch i - square account s for the error of in terpolat ion b e t w e e n the 
t ime of the res idual a n d the t i m e s of other data po in t s b y u s i n g the s tochast ic m o d e l of 
t h e U T P M p r o c e s s c o n t a i n e d in t h e K a i m a n filter. T h e i n c r e m e n t a l b i a s - r a t e 
correc t ions a n d u n c e r t a i n t y sca l e factors thus d e t e r m i n e d for the ser ies w e r e then 
a p p l i e d and the process repeated unti l c o n v e r g e n c e w a s a c h i e v e d ( c o n v e r g e n c e b e i n g 
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i n d i c a t e d b y the i n c r e m e n t a l b i a s - r a t e c o r r e c t i o n s a p p r o a c h i n g z e r o , a n d t h e 
i n c r e m e n t a l u n c e r t a i n t y sca le factors a p p r o a c h i n g o n e ) . A t the c o m p l e t i o n of th is 
i terat ive , round-rob in process , re lat ive bias-rate correct ions wi l l h a v e b e e n d e t e r m i n e d 
that m a k e the data se t s agree w i t h e a c h other in bias a n d rate, a n d uncerta inty sca le 
factors w i l l h a v e b e e n d e t e r m i n e d that m a k e the res idua l of each data set ( w h e n 
di f ferenced w i t h a c o m b i n a t i o n of all others) h a v e a reduced chi- Square of one . 

W h e n p e r f o r m i n g this i terat ive, round-rob in p r o c e d u r e to d e t e r m i n e bias-rate 
correc t ions a n d u n c e r t a i n t y s ca l e factors , e a c h data t y p e is a n a l y z e d ( a n d re su l t s 
reported) in the natural reference frame for that data type . For Single b a s e l i n e VLBI 
m e a s u r e m e n t s this is the transverse (T), vertical (V) frame (Eubanks a n d S t e p p e 1988); 
for Single Station LLR m e a s u r e m e n t s this is the Variation of l a t i tude (LAT) , UTO 
frame; a n d for G P S , SLR a n d m u l t i b a s e l i n e VLBI m e a s u r e m e n t s this is the u s u a l 
U T P M (PMX, PMY, U T l ) frame. 

For the p u r p o s e of d e t e r m i n i n g bias-rate correct ions a n d uncer ta in ty sca l e 
factors , the LLR o b s e r v i n g s tat ions at M c D o n a l d w e r e c lus tered , s o that a c o m m o n 
bias-rate correct ion a n d uncerta inty scale factor w a s d e t e r m i n e d for all the M c D o n a l d 
LLR ser ies . Thi s w a s d o n e s o that rate ad jus tments c o u l d be m a d e to t h e s e ser ies . 
There i s not e n o u g h o v e r l a p w i t h the other, i n d e p e n d e n t Earth or ientat ion ser ies to 
a l l o w a rel iable rate correction to be d e t e r m i n e d for any i n d i v i d u a l M c D o n a l d stat ion-
d e r i v e d LLR series . T h u s , w i t h o u t c luster ing the M c D o n a l d s tat ions , it w o u l d o n l y be 
p o s s i b l e to m a k e b ias correc t ions to the M c D o n a l d LLR ser i e s , w i t h c o n s e q u e n t 
d e l e t e r i o u s ef fects o n the rate of the U T l v a l u e s prior to a b o u t 1982 in the final, 
c o m b i n e d ser ies . S imi lar ly , the i n d i v i d u a l D S N rad io t e l e s c o p e s in Cal i fornia w e r e 
c lus tered , as w e r e those in Spain and, separately , in Austral ia , s o that a c o m m o n bias-
rate correct ion and uncerta inty scale factor w a s de termined for all the Cal i fornia-Spain 
S ing le b a s e l i n e Earth or i enta t ion ser ies , as we l l as for all the Ca l i forn ia -Austra l ia 
ser ies . 

D u r i n g the i terative, round-robin procedure , ou t ly ing data po ints w e r e de le ted . 
Before d e l e t i n g a n y data po in t s , a f e w round-robin iterations w e r e c o m p l e t e d in order 
to c o n v e r g e o n init ial v a l u e s for the uncerta inty sca le factors. D u r i n g s u b s e q u e n t 
i terat ions , t h o s e data po in t s w i t h i n a g i v e n series w e r e de le ted w h o s e res idual v a l u e s 
w e r e greater than three t imes their adjusted uncertaint ies , w h e r e the res idual v a l u e s 
w e r e t h o s e resu l t ing from fitting a bias and rate to the difference of that ser ies w i t h a 
c o m b i n a t i o n of all o ther ser ie s . D u r i n g the final r o u n d - r o b i n i t erat ion , n o s er i e s 
con ta ined data p o i n t s w h o s e res idual v a l u e s w e r e greater than three s i gma . A total of 
121 data p o i n t s , or about t w o percent of the avai lable data po in t s , w e r e thus d e l e t e d 
from all the series . 

A bias-rate correct ion a n d uncertainty scale factor w a s d e t e r m i n e d for the IRIS 
m u l t i b a s e l i n e s e r i e s b y c o m p a r i n g th is s er i e s to a c o m b i n a t i o n of all o t h e r , 
i n d e p e n d e n t series (but n o t inc lud ing the GPS series - see b e l o w ) after the o ther ser ies 
h a d h a d the bias-rate corrections a n d uncertainty scale factors ap p l i ed to t h e m that h a d 
b e e n d e t e r m i n e d for t h e m in the a b o v e i terat ive , r o u n d - r o b i n p r o c e d u r e . For the 
p u r p o s e of th i s c o m p a r i s o n , o n l y the non-IRIS r e s u l t s c o n t a i n e d i n t h e C D P 
mul t ibase l ine series w e r e se lec ted and used . A l so , for the p u r p o s e of this c o m p a r i s o n , 
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the ent ire IRIS m u l t i b a s e l i n e ser ies , starting in 1980, w a s u s e d s o that a rate correction 
c o u l d b e d e t e r m i n e d for it. T h u s , a bias-rate correction a n d uncerta inty scale factor w a s 
d e t e r m i n e d for the IRIS m u l t i b a s e l i n e ser ies b a s e d u p o n the ent i re data set , e v e n 
t h o u g h just t h e corrected v a l u e s s ince 1992.7 u l t imate ly g e t c o m b i n e d w i t h the other 
ser ies . D u r i n g this c o m p a r i s o n , o u t l y i n g data po in t s (i.e. those w h o s e res idual v a l u e s 
w e r e greater than three t imes their adjusted uncertaint ies) w e r e a l so de l e t ed . 

S imi lar ly , a b ias correct ion a n d uncerta inty scale factor w a s d e t e r m i n e d for the 
GPS ser ies b y c o m p a r i n g it to a c o m b i n a t i o n of all other, i n d e p e n d e n t series ( inc luding 
the IRIS m u l t i b a s e l i n e ser ies) after the o ther ser ies h a d h a d the bias-rate correct ions 
a n d uncerta inty sca le factors a p p l i e d to t h e m that h a d b e e n p r e v i o u s l y d e t e r m i n e d for 
t h e m as d e s c r i b e d a b o v e . O n l y a bias correct ion w a s d e t e r m i n e d a n d a p p l i e d to the 
GPS ser ies s ince its o v e r l a p w i t h the other, i n d e p e n d e n t series w a s not great e n o u g h to 
a l l o w a rel iable rate correct ion to be d e t e r m i n e d . After the s tated uncerta int ies of the 
G P S ser ies w e r e adjusted , n o data po in t s w e r e f o u n d to b e out l iers (i.e., n o data po in t s 
h a d res idua l v a l u e s greater than three t imes their adjus ted uncerta int ies ) , a n d h e n c e 
n o data po in t s w e r e d e l e t e d from the GPS series . 

Final ly , each data set w a s p laced w i t h i n an IERS reference frame b y a p p l y i n g to 
it an addi t iona l bias-rate correct ion that is c o m m o n to all the data sets. This addit ional 
c o r r e c t i o n w a s d e t e r m i n e d b y first c o m b i n i n g all the d a t a ( i n c l u d i n g the IRIS 
mul t ibase l ine data s ince 1992.7, a n d after a p p l y i n g to all the data the re lat ive bias-rate 
c o r r e c t i o n s a n d u n c e r t a i n t y s c a l e factors d e t e r m i n e d a b o v e ) . T h i s i n t e r m e d i a t e 
c o m b i n a t i o n w a s then c o m p a r e d to the IERS combinat ion EOP(IERS) 90 C 04 (e.g., 1991 
IERS A n n u a l Report ) for the years 1984-1993.1 in order to obta in the addi t iona l b ias-
rate correct ion required to m a k e it (and therefore each i n d i v i d u a l data set) agree in 
b ias a n d rate w i t h the IERS combinat ion . This addi t ional bias-rate correct ion w a s then 
a p p l i e d to each data set a l o n g w i t h the re lat ive bias-rate correct ions in order to m a k e 
the data sets agree w i t h e a c h other and be in that IERS reference frame de f ined b y the 
Earth or ientat ion series EOP(IERS) 90 C 04. 

T h e total b ias -rate correct ion ( the s u m of the re lat ive a n d IERS correct ions) 
that has b e e n d e t e r m i n e d for each data set is g i v e n in Table 2. Except for the GPS and 
IRIS m u l t i b a s e l i n e ser ies ( see b e l o w ) , the v a l u e s for the bias-rate correct ions g i v e n in 
Tab le 2 are t h e s u m of all the i n c r e m e n t a l correc t ions , the correc t ions a p p l i e d to 
in i t ia l ly a l i g n the s er i e s w i t h e a c h o ther , a n d the a d d i t i o n a l , c o m m o n correct ion 
a p p l i e d in o r d e r to p lace each series w i t h i n the IERS reference frame. The v a l u e s for 
the uncer ta inty sca le factors g i v e n in Table 2 are the p r o d u c t s of all the incrementa l 
scale factors d e t e r m i n e d d u r i n g the iterative, round-rob in procedure . The errors in the 
b ias -rate correc t ions ( g i v e n in p a r e n t h e s e s in Table 2) are the formal errors in the 
d e t e r m i n a t i o n of the incrementa l bias-rate correct ions d u r i n g the last i teration of the 
i terat ive , r o u n d - r o b i n procedure . There are n o bias-rate entr ies in Table 2 for c o m p o ­
n e n t s that w e r e e i ther no t u s e d (e.g. , the SLR U T l c o m p o n e n t ) , or n o t ava i lable (e.g. , 
the IRIS I n t e n s i v e P M X a n d P M Y c o m p o n e n t s ) . N o t e that the s a m e IERS rate correc­
t ion is a p p l i e d to all the data sets , inc lud ing those ( such as the GP S series) for w h i c h n o 
re lat ive rate correct ion c o u l d b e d e t e r m i n e d . Therefore , the rate correct ion g i v e n in 
Table 2 for t h o s e data sets for w h i c h n o relat ive rate correct ion c o u l d b e d e t e r m i n e d is 
s i m p l y t h e IERS rate correct ion, but g i v e n , of course , in the natural reference frame for 
that data set. In these cases , n o errors for the rate correct ions are g i v e n . 
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Since the GPS a n d IRIS m u l t i b a s e l i n e se r i e s w e r e n o t i n c l u d e d in the iterative, 
round-rob in p r o c e d u r e , the b i a s - r a t e c o r r e c t i o n s g i v e n in Table 2 for t h e m are just the 
s u m of the re lat ive correct ions t h a t w e r e s e p a r a t e l y d e t e r m i n e d for t h e m ( s ee a b o v e ) 
a n d t h e a d d i t i o n a l , c o m m o n c o r r e c t i o n n e e d e d to p l a c e t h e m w i t h i n t h e IERS 
reference frame. T h e errors in the bias-rate c o r r e c t i o n s ( g iven in p a r e n t h e s e s in Table 
2) are the formal errors in d e t e r m i n i n g the relat ive correct ions. T h e uncerta inty sca le 
factors g i v e n in Table 2 for the G P S a n d IRIS m u l t i b a s e l i n e s e r i e s a r e just the s c a l e 
factors d e t e r m i n e d for t h e m a s d e s c r i b e d a b o v e w h e n separate ly c o m p a r i n g t h e m to 
c o m b i n a t i o n s of all the other , i n d e p e n d e n t s e r i e s . 

N o t e t h a t t h e e n t r i e s in T a b l e 2 s h o u l d n o t b e u s e d a s a m e a s u r e of the r e l a t i v e 
a c c u r a c y of the E a r t h o r i e n t a t i o n s e r i e s . N o a t t e m p t w a s m a d e t o p l a c e t h e s e r i e s 
w i t h i n a c o m m o n r e f e r e n c e f r a m e p r i o r to d e t e r m i n i n g b i a s - r a t e c o r r e c t i o n s for t h e m . 
T h u s , t h e v a l u e s for t h e b i a s - r a t e c o r r e c t i o n s g i v e n in T a b l e 2 i n c l u d e t h e effects u p o n 
t h e E a r t h o r i e n t a t i o n se r i e s of r e f e r e n c e f r a m e d i f fe rences . 

T h e f ina l U T P M c o m b i n a t i o n w a s g e n e r a t e d b y c o m b i n i n g al l of t h e d a t a 
( i n c l u d i n g t h e IRIS m u l t i b a s e l i n e r e s u l t s s ince 1992.7) after a d j u s t i n g the i r b i a s e s , r a t e s , 
a n d u n c e r t a i n t i e s b y t h e a m o u n t s g i v e n in T a b l e 2. T h i s f inal c o m b i n a t i o n , s p a n n i n g 
M a y 2 0 . 0 , 1 9 7 6 to J a n u a r y 21.0, 1993, is d e s i g n a t e d S P A C E 9 2 a n d is g i v e n as d a i l y v a l u e s 
a t m i d n i g h t of P M X , P M Y , U T 1 - U T C , the i r f o r m a l e r r o r s (1 s i g m a ) , a n d c o r r e l a t i o n s . 
T h e m o d e l of Y o d e r et al (1981) w a s u s e d to a d d b a c k t h e effect of t h e so l id E a r t h t i d e s 
u p o n U T l ( t h e füll a m p l i t u d e of t h e t ida l effect a t t h e e p o c h of t h e t i m e t ag w a s a d d e d 
b a c k ) . S i m i l a r l y , t h e m o d e l of D i c k m a n (1992) w a s u s e d to a d d b a c k t h e o c e a n i c t ida l 
c o r r e c t i o n s t o t h e Y o d e r et al (1981) r e s u l t s . N o d i u r n a l o r s e m i - d i u r n a l o c e a n i c t i da l 
t e r m s w e r e a d d e d b a c k , s o t h e U T l v a l u e s g i v e n in S P A C E 9 2 c a n b e p r o p e r l y 
c o n s i d e r e d t o b e U T 1 - U T C . T h e t h r e e c o r r e l a t i o n s g i v e n a t e a c h t i m e t a g a r e t h e 
c o r r e l a t i o n s b e t w e e n t h e U T P M v a l u e s a t t h a t t i m e t a g . I m p r o v e m e n t s t o t h e 
o b s e r v i n g S y s t e m s ( b o t h in t h e h a r d w a r e a n d Sof tware , a n d in t h e n u m b e r of Sys tems) 
h a v e l e d to m o r e p r e c i s e d e t e r m i n a t i o n s of t h e E a r t h ' s o r i e n t a t i o n . T h i s i m p r o v e -
m e n t is r e f l ec ted in S P A C E 9 2 b y t h e r e d u c t i o n of t h e U T P M fo rma l e r r o r s f r o m a b o u t 2 
m a s in p o l a r m o t i o n a n d 0.5 m s in U T l d u r i n g t h e l a t e 1970's to the i r c u r r e n t v a l u e s 
of a b o u t 0.3 m a s in p o l a r m o t i o n a n d 0.03 m s in U T l . 

A c k n o w l e d g m e n t s . I w o u l d l ike to t h a n k R. E a n e s for p r o v i d i n g u s w i t h t h e SLR d a t a 
u s e d i n th i s s t u d y ; C. M a for t h e C D P d a t a ; X N e w h a l l a n d J. W i l l i a m s for t h e LLR d a t a ; 
C . J a c o b s , S. O l i v e a u , O . S o v e r s a n d A. S t e p p e for t h e D S N d a t a ; a n d t h e JPL FLDSIN 
a n a l y s i s t e a m ( c u r r e n t l y G. Blewi t t , M . Hef l in , D. Jefferson, L. R o m a n s , F. W e b b , a n d J. 
Z u m b e r g e ) for t h e G P S d a t a . T h i s s t u d y w o u l d n o t h a v e b e e n p o s s i b l e w i t h o u t t h e i r 
a n d t h e i r c o l l e a g u e s e f for t s in g e n e r a t i n g t h e U T P M se r i e s t h a t t h e y s o g e n e r o u s l y 
p r o v i d e d to u s . T h e w o r k d e s c r i b e d in th is p a p e r w a s p e r f o r m e d a t t h e Jet P r o p u l s i o n 
L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e of T e c h n o l o g y , u n d e r c o n t r a c t w i t h t h e N a t i o n a l 
A e r o n a u t i c s a n d S p a c e A d m i n i s t r a t i o n . 
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T a b l e 1. D a t a c o m b i n e d 

DATA SET 
NAME 

DATA ANALYSIS 
TYPE CENTER 

DATA 
SPAN 

NUMBER 
POINTS 

PLATE 
MODEL 

LLR (92M01; VAR LAT, UTO) 
McDonald Cluster LLR JPL 
CERGA LLR JPL 
Haleakala LLR JPL 

22MAY76-15DEC91 383 AMO-2 
07APR84-27JAN92 317 AMO-2 
10FEB85-11AUG90 68 AMO-2 

UTCSR (92L01; PMX, PMY) 
LAGEOS SLR UTCSR 19MAY76-30DEC91 1693 Adjusted 

DSN (92R01; T, V) 
CA-Spain Cluster VLBI JPL 
CA-Australia Cluster VLBI JPL 

26NOV79-27DEC92 433 AMO-2 
280CT78-24DEC92 445 AMO-2 

CDP (GLB869b) 
Multibaseline VLBI GSFC 
Westford-Ft. Davis VLBI GSFC 
Westford-Mojave VLBI GSFC 

04AUG79-04SEP92 1235 Adjusted 
25JUN81-01JAN84 103 Adjusted 
21MAR85-06AUG90 18 Adjusted 

IRIS (UT1MC03FEB93; UTl) 
Intensive VLBI NOAA 02APR84-21JAN93 1911 Adjusted 

IRIS (IRIS27JAN93) 
Multibaseline VLBI NOAA 04SEP92-22JAN93 38 Adjusted 

GPS (PMX, PMY) 
JPL FLINN Analysis GPS JPL 21JUN92-23JAN93 185 Adjusted 



C-7 

Table 2. A d j u s t m e n t s to data sets 

DATA SET 
NAME 

BIAS 
(mas) 

RATE 
(mas/yr) 

UNCERTAINTY 
SCALE FACTOR 

LLR (92M01) 

McDonald Cluster 

CERGA 

Haleakala 

DSN (92R01) 
CA-Spain Cluster 

CA-Australia Cluster 

CDP (GLB869b) 
Westford-Ft. Davis 

Westford-Mojave 

LAT UTO 
1.399 0.453 
(0.419) (0.272) 
-0.408 0.728 
(0.206) (0.127) 
1.854 -0.813 
(0.372) (0.261) 

T V 
1.508 -0.906 
(0.085) (0.195) 
-3.073 1.591 
(0.056) (0.161) 

T V 
3.842 -0.927 
(1.975) (3.262) 
0.421 0.088 
(0.204) (0.404) 

LAT UTO 
-0.800 -0.102 
(0.091) (0.078) 
0.232 -0.144 
(0.071) (0.047) 
0.279 -0.352 
(0.246) (0.182) 

T V 
0.240 0.170 
(0.026) (0.059) 
-0.350 -0.068 
(0.018) (0.050) 

T V 
0.696 -0.181 
(0.396) (0.648) 
0.012 0.004 

LAT UTO 

1.030 1.046 

1.203 1.147 

1.210 1.220 

T V 
1.195 1.099 

1.221 1.113 

T V 
1.028 0.912 

1.680 1.050 

CDP (GLB869b) PMX PMY UTl PMX PMY UTl PMX PMY UTl 
Multi 0.569 -1.769 -0.380 -0.077 -0.053 -0.165 1.434 1.317 1.464 

(0.029) (0.025) (0.033) (0.011) (0.010) (0.012) 

UTCSR (92L01) PMX PMY UTl PMX PMY UTl PMX PMY UTl 
LAGEOS -0.078 -0.057 — 0.033 -0.081 0.899 0.888 

(0.025) (0.022) (0.011) (0.010) 

IRIS (03FEB93) PMX 
Intensive 

PMY UTl 
1.068 
(0.028) 

PMX PMY UTl 
- 0 . 1 5 4 
(0 .011) 

PMX PMY UTl 
0 .982 

IRIS (27JAN93) PMX PMY UTl PMX PMY UTl PMX PMY UTl 
Multi -9.894 3.714 1.091 0.127 0.226 -0.121 1.365 1.349 1.290 

(0.037) (0.037) (0.036) (0.014) (0.014) (0.012) 

GPS PMX PMY 
JPL FLINN -0.507 -1.441 

(0.047) (0.057) 

UTl PMX 
0.007 

PMY 
0.017 

UTl PMX PMY UTl 
1.779 2.036 

Reference date for rate adjustment is 1988. 
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EOP(JPL) 93 C Ol From M a y 1976 to Jan 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X, Y; 0.0001s for U T l 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

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

226 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
21 

5. 
3. 
3. 
2. 
1. 
1. 
0. 
0. 
0, 
0, 
0, 
0, 
0. 
0. 
0, 
0, 
0. 
0, 

,01 
,07 
,29 
.65 
.52 
.30 
.99 
.83 
.51 
.43 
.38 
.31 
.27 
.27 
.24 
.25 
.28 
.22 

226 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
21 

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

.85 
,54 
.25 
.15 
.05 
.08 
.90 
.85 
.45 
.37 
.33 
.28 
.26 
.25 
.24 
.25 
.30 
.29 

226 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
21 

6. 
4. 
5, 
4, 
2. 
1. 
1. 
0. 
0. 
0, 
0. 
0, 
0. 
0. 
0. 
0, 
0, 
0, 

,85 
.40 
,31 
,00 
,69 
.82 
.25 
.97 
.56 
.35 
.31 
.29 
.28 
.27 
.23 
.23 
.24 
.26 
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C O M B I N A T I O N O F PRECISE O B S E R V A T I O N S OF THE O R I E N T A T I O N 
O F T H E E A R T H N E O S 93 C Ol 

[The procedure for obta in ing this se r ies is descr ibed in the IERS A n n u a l 
Report for 1992, part. III]. 

EOP(NEOS) 93 C Ol F r o m S e p 1980 to Jan 1993 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0.001" for X, Y, 6i)/, 5e; 0.0001s for U T l 

YEAR X Y UTl 8y 6e 
Nb Sigma Nb Sigma Nb Sigma Nb Sigma Nb Sigma 

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

96 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
19 

1.45 
1.96 
1.72 
1.75 
0.88 
0.70 
0.53 
0.78 
0.91 
0.92 
0.71 
0.62 
0.36 
0.46 

96 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
19 

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

,74 
.47 
.65 
.27 
.71 
.56 
.54 
.64 
.70 
.56 
.52 
.51 
.39 
.37 

96 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
19 

1. 
2. 
2. 
2. 
1. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 

,69 
,70 
.28 
.29 
,39 
.93 
.69 
.83 
.69 
.57 
.62 
.52 
.46 
.54 

96 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
19 

3. 
3. 
3. 
3. 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0. 
0. 
0. 

,64 
,64 
.64 
.64 
.74 
.74 
.61 
.66 
.69 
.64 
.57 
.64 
.51 
.40 

96 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
19 

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

.96 

.96 

.96 

.96 

.33 

.28 

.27 

.34 

.25 

.31 

.24 

.29 

.23 

.33 
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