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F O R E W O R D 

In 1990 the IERS Direc t ing Board set u p an inter im T e c h n i q u e C o o r d i n a t i n g 
Centre for GPS to e v a l u a t e its potent ia l for EOP appl icat ions a n d to e n c o u r a g e broader 
part ic ipat ion in the u s e of the technique . The GIG'91 C a m p a i g n (see 1991 IERS A n n u a l 
Report) w a s a first a t t empt at c o o r d i n a t i n g o n an international basis the efforts of a 
n u m b e r of part ic ipants in d e p l o y i n g a g loba l ly d i s tr ibuted n e t w o r k of GP S tracking 
s ta t ions . The c a m p a i g n w a s e x e c u t e d o v e r three -week per iod in Jan-Feb 1991. Its 
pr imary p u r p o s e w a s to col lect tracking data wi th sufficient s trength to e v a l u a t e the 
accuracy of the GPS e p h e m e r i s p r o d u c t s , the tracking Station locat ions a n d the EOP 
I n f o r m a t i o n . 

A s a resul t of t h e s e IERS act iv i t ies and part ia l ly out of r e c o g n i t i o n of the 
e n o r m o u s potent ia l of GPS, if p r o p e r l y c o o r d i n a t e d , a smal l w o r k i n g g r o u p w a s 
formed in early 1990 w i t h the goa l of es tabl i sh ing a p e r m a n e n t GPS Service operated 
through the cooperat ive efforts of a n u m b e r of organizat ions a n d agenc ie s under IAG 
a u s p i c e s . The object ives of the International GPS G e o d y n a m i c s Serv ice (IGS) are to 
p r o v i d e to the scientif ic C o m m u n i t y GPS data p r o d u c t s w i t h the h i g h e s t accuracy, 
rel iabil i ty a n d integri ty that is e c o n o m i c a l l y feasible. The w o r k i n g g r o u p o r g a n i z e d a 
t h r e e - m o n t h c a m p a i g n , IGS'92, w h i c h started in June 1992. This c a m p a i g n init iated 
the e f fec t ive Operation of the IGS, i n c l u d i n g the se t t ing u p of a c l o s e Cooperation 
b e t w e e n IERS a n d IGS. 

S ince the IGS'92 c a m p a i g n the n e t w ork of GPS stat ions has largely remained 
intact a n d c o n t i n u e d to m a k e c o n t i n u o u s observat ions; it a lso has g r o w n considerably. 
A s a result there is a cont inu ing effort by a n u m b e r of analys is centers to process the 
data o n an o n g o i n g bas is a n d to generate GPS satell ite e p h e m e r i d e s , Station locat ions 
a n d ve loc i t ies , and EOP results . A total of e ight GPS Analys i s Centers h a v e contributed 
their Earth or ienta t ion a n d terrestrial frame results to the IERS Central Bureau and 
sub-Bureau for Rapid Service and Predict ions . 

In para l l e l , the fu ture Cooperat ion of IERS w i t h the Internat iona l G P S 
G e o d y n a m i c s Serv i ce (IGS) w a s d i s c u s s e d in detai l b y the t w o Services . The final 
a g r e e m e n t is that the IERS w i l l rely o n IGS for the GPS o b s e r v a t i o n s a n d their 
Organisation, a n d that in turn the IGS rules wil l m a k e prov i s ion for the interfacing of 
its part ic ipants w i t h IERS, i n c l u d i n g direct interaction of the GP S A n a l y s i s Centres 
w i t h the IERS Central Bureau and Sub-bureau for Rapid Service and Predict ions. 

T h e g lobal Earth rotation and terrestrial frame results descr ibed in this sect ion 
are b a s e d o n observat ions col lected s ince 1991 and analysed dur ing 1992 in this c o n t e x t 
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S e v e r a l s e t s of Station c o o r d i n a t e s h a v e b e e n c o m p u t e d b y the Terrestrial 
Frame Sec t ion of the IERS Central Bureau, at IGN, a n d p r o p o s e d to the IGS analys i s 
centers t o b e u s e d in their orbit c o m p u t a t i o n . T h e y are referred t o in s o m e of the 
ana lys i s descr ip t ions p u b l i s h e d in these v o l u m e . T h e s e se t s are: 

1) SSC(IERS) 92 C 0 2 ( epoch 1992.5): I s t vers ion s en t in IGS Mai l # 3 3 o n 1 July 
1992. This set h a s b e e n c o m p u t e d by referring the ITRF91 coord inates to e p o c h 1992.5 
u s i n g its v e l o c i t y f ie ld a n d a d d i n g the local t ies b e t w e e n GPS a n d SLR-VLBI reference 
po ints . T h e s e local t ies concern o n l y GPS po in t s w h i c h are not or ig ina ly in the ITRF91. 

2) SSC(IERS) 92 C 03 ( e p o c h 1992.5): 2 n d v e r s i o n sent in IGS Mail # 6 5 o n 12 
A u g u s t 1992. Thi s se t h a s b e e n c o m p u t e d u s i n g the s a m e p r o c e d u r e as in 1. S o m e 
stat ions h a v e b e e n a d d e d or updated . 

3) SSC(IERS) 9 2 C 04 ( e p o c h 1992.5): 3rd v e r s i o n sent in IGS Mail # 9 0 o n 9 
S e p t e m b e r 1992. Thi s set has b e e n c o m p u t e d u s i n g the s a m e p r o c e d u r e as in 1. S o m e 
stat ions h a v e b e e n a d d e d or updated . 

4) SSC(IERS) 93 C 01 (epoch 1992.6): 4th vers ion w h i c h w a s presented at the IGS 
W o r k s h o p in Bern a n d is p u b l i s h e d in the p r o c e e d i n g s of this W o r k s h o p . This set has 
b e e n c o m p u t e d in t w o Steps. In the first s tep a g lobal c o m b i n e d GPS Solut ion has b e e n 
c o m p u t e d u s i n g f ive GPS Solut ions p r o v i d e d b y f ive ana lys i s centers: JPL, SIO, CSR, 
C O D E a n d EMR. In the s e c o n d s t e p the g loba l c o m b i n e d G P S So lut ion has b e e n 
c o m b i n e d w i t h the ITRF91 at e p o c h 1992.6. 

5) SSC(IERS) 93 C 02 ( epoch 1993.06): 5th v e r s i o n ( inc luded in IGS Mail #236 , 
5 April 1992). It is extracted from SSC(IERS) 93 C 01 , conta in ing the 12 se lec ted s i tes as 
d e c i d e d at the IGS W o r k s h o p in Bern. It is shifted to 1993.06 e p o c h u s i n g the ITRF91 
v e l o c i t y field. 

W.G. M e l b o u r n e 
GPS Coordinator 
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A N N U A L REPORT O F THE C O D E PROCESSING CENTER OF IGS FOR 1992 
E O P ( C O D E ) 9 2 P 0 4 
SSC(CODE) 92 P Ol, 02 

G. Beutler, M. Rothacher , W . Gurtner , T. Springer, E. Brockmann, S. Fankhauser , 
S. Botton, L. Mervart , U . W i l d , A . W i g e t 

1. I N T R O D U C T I O N 

Genera l R e m a r k s 

T o d a y w e a r e l o o k i n g b a c k to a b o u t e i g h t m o n t h s of p r o c e s s i n g t h e 
o b s e r v a t i o n s of t h e I G S C o r e n e t w o r k ( I G S = I n t e r n a t i o n a l G P S G e o d y n a m i c s Serv ice ) . 
O u r c o n t r i b u t i o n to th i s Service s t a r t e d a r o u n d 21 J u n e 1992, t h e Start of t h e 1992 IGS 
T e s t C a m p a i g n , a n d it w a s n e v e r s t o p p e d s ince . In t h e in i t ia l p h a s e t h e e m p h a s i s had 
t o b e p u t o n t h e d e v e l o p m e n t a n d p e r f e c t i o n of t h e r o u t i n e p r o c e s s i n g . Data f low, 
a u t o m a t i c ( p r e - ) p r o c e s s i n g , a n d r o u t i n e q u a l i t y c o n t r o l w e r e se t u p , p r o g r a m b u g s h a d 
t o b e f ixed , h u m a n i n t e r a c t i o n s w e r e m i n i m i z e d . I n t h e s e c o n d p r i o r i t y t h e p h y s i c a l 
m o d e l i n g w a s i m p r o v e d a n d c h e c k e d p a r a l l e l to t h e r o u t i n e p r o c e s s i n g . T h i s first 
p h a s e is o v e r a b o u t n o w . T h e e m p h a s i s in t h e s e c o n d p h a s e w i l l l ie o n t h e cr i t ica l 
a n a l y s i s of t h e u s e d m o d e i s a n d o n t h e d e v e l o p m e n t of l o n g - t e r m a n a l y s i s capab i l i t i e s . 

I t is w o r t h m e n t i o n i n g t h a t in th i s f i rs t p h a s e w e d e v e l o p e d t h e m e n t a l a n d 
t e c h n i c a l c a p a c i t y of p r o c e s s i n g o n a v e r y h i g h a c c u r a c y S t a n d a r d p e r m a n e n t G P S 
t r a c k i n g d a t a . T h e s a m e is t r u e for t h e six o t h e r IGS p r o c e s s i n g c e n t e r s t h a t w e r e ac t ive 
s i n c e 21 J u n e 1992. T h i s fact u n d o u b t e d l y is of h i g h e s t i m p o r t a n c e for f u n d a m e n t a l 
a s t r o n o m y , g l o b a l a n d r e g i o n a l g e o d y n a m i c s in f u t u r e . 

T h e C O D E Process ing Center 

C O D E ( C e n t e r for O r b i t D e t e r m i n a t i o n in E u r o p e ) is o n e of t h e p r o c e s s i n g 

c e n t e r s of t h e I n t e r n a t i o n a l G P S G e o d y n a m i c s S e r v i c e ( IGS) . F o u r i n s t i t u t i o n s a r e 

c o l l a b o r a t i n g u n d e r t h i s l abe l : 

- T h e S w i s s F e d e r a l Office of T o p o g r a p h y (L+T) 
- T h e F r e n c h I n s t i t u t G e o g r a p h i q u e N a t i o n a l ( IGN) 
- T h e G e r m a n I n s t i t u t e for A p p l i e d G e o d e s y (If A G ) 
- T h e A s t r o n o m i c a l 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 e r n e (AIUB) 

A l l m e n t i o n e d i n s t i t u t i o n s a r e s u p p o r t i n g C O D E e i t h e r b y m a n p o w e r or 
f i nanc i a l l y . I t w a s a g r e e d w i t h i n C O D E t h a t o n l y a l o n g t e r m c o m m i t t m e n t m a k e s 
s e n s e i n t h i s f ield of sc i ence . T h e r e f o r e , after h a v i n g s e e n d u r i n g the 1992 IGS Test 
C a m p a i g n (21 J u n e - 23 S e p t e m b e r 1992) t h a t t h e h u m a n , h a r d - a n d Sof tware r e s o u r c e s 
w e r e a b o u t a d e q u a t e , C O D E c o n t i n u e d o p e r a t i n g after t h e official e n d of t h e 1992 IGS 

IERS(1993) Technical Note No 14. 
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Test C a m p a i g n (21 June - 23 S e p t e m b e r 1993). T o d a y C O D E is o n e of the p r o c e s s i n g 
centers of the IGS Pi lot Service ( intermediary IGS Service starting o n 1 N o v e m b e r 1992 
a n d e n d i n g w h e n the "final" IGS Service wi l l b e e s tab l i shed b y LAG). 

T h e p r o c e s s i n g center is located at the AIUB, w h e r e the c o m p u t a t i o n s are d o n e 
o n a Cluster of V A X Computers . The Bernese GPS Sof tware V e r s i o n 3 .4+ is u s e d . The 
• V i n d i c a t e s that the off icial v e r s i o n of the Bernese S o f t w a r e h a d to b e g r a d u a l l y 
u p d a t e d to m e e t the requ irements of the rout ine process ing . 

In IGS t e r m i n o l o g y P r o c e s s i n g C e n t e r s are m e a n t to p r o d u c e orbi t s o n a 
regulär , pre ferably da i ly , bas i s . The d e l a y b e t w e e n Observat ion a n d avai labi l i ty of 
orbits s h o u l d e s sent ia l ly b e d r i v e n b y the t ime it takes to m a k e observa t ions avai lable 
at the IGS n e t w o r k centers (CDDIS, the Crustal D y n a m i c s Data Informat ion S y s t e m of 
N A S A , I G N , the Ins t i tut G e o g r a p h i q u e N a t i o n a l , a n d SIO, Scr ipps Ins t i tu t ion of 
O c e a n o g r a p h y ) . 

This w a s exact ly the u n d e r s t a n d i n g of the task at C O D E : Since 21 June 1992 an 
u n i n t e r r u p t e d s e r i e s o f o r b i t s , e a r t h r o t a t i o n p a r a m e t e r s , c o o r d i n a t e s , a n d 
m i s c e l l a n e o u s resu l t s is b e i n g g e n e r a t e d . It is w o r t h m e n t i o n i n g that C O D E resul ts 
w e r e d e l i v e r e d to C D D I S a n d I G N for every d a y ( n o n - A S d a y s a n d A S d a y s , A S = Ant i -
Spoof ing ) s ince 21 June 1992. T h e results w e r e sent o n a w e e k l y bas is , the de lay s o far 
w a s o n the order of 7-10 days . 

In 1992 the accuracy of C O D E results w a s s igni f icant ly deter iorated u n d e r AS, 
w h i c h c o u l d b e attributed to a mal - funct ion ing of the R O G U E receiver u n d e r AS. This 
w a s d i s a p p o i n t i n g for u s , b e c a u s e p r o c e s s i n g a n d p r e - p r o c e s s i n g s c h e m e s at C O D E 
s h o u l d g i v e results of c o m p a r a b l e qual i ty i n d e p e n d e n t of A S ( see b e l o w ) . 

It is remarkable h o w the u n d e r s t a n d i n g of the project w a s d e v e l o p i n g at C O D E 
s ince the b e g i n n i n g of the Operations : In the proposa l to IGS w e w r o t e (May 1991) : 

- the m a i n p u r p o s e is the c o m p u t a t i o n of G P S orbits for the ent ire System. 
- the e m p h a s i s w i l l lie o n regional orbits over Europe. 
S ide i s s u e s wi l l b e : 
- earth rotat ion parameters 
- reg ional i o n o s p h e r e m o d e i s for Europe 
- satel l i te c lock parameters 

It w a s p l a n n e d to proces s the observat ions of about 12-15 stat ions , w h e r e m o r e 
than half of t h e m s h o u l d l ie in Europe . 

This or ig ina l c o n c e p t h a d to b e m o d i f i e d rather qu ick ly : It b e c a m e e v i d e n t 
that h i g h e s t qua l i ty orbits c o u l d o n l y b e p r o d u c e d , if earth rotat ion parameters w i t h 
1 m a s accuracy or better w e r e genera ted together w i t h the orbits; it w a s not pos s ib l e to 
rely o n pred ic t i ons s t e m m i n g from other s p a c e t echniques . D u e to t h e s e facts a n d d u e 
to the c i rcumstance that the ERPs w e r e ana lysed v e r y rapidly b y IERS a g e n c i e s (Central 
Bureau a n d the IERS R a p i d Service) , ERPs b e c a m e of pr imary interest a l ready in the 
rout ine Operations. A l s o it b e c a m e clear that 12-15 s tat ions w e r e not e n o u g h ; today the 
data of about 30 stat ions are rout ine ly ana lyzed . Even n o w w e feel that the scarcity of 
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s tat ions in S o u t h A m e r i c a , Africa, former Sovie t U n i o n , a n d India is o n e of the m o s t 
important accuracy- l imit ing factors of our (and other centers) analyses . 

A l t h o u g h w e wi l l not d i s c u s s all aspects m e n t i o n e d in our or ig inal proposa l , 
w e w o u l d l ike to po in t o u t that w e are still f o l l owing these topics : 

- d u r i n g the 1992 Test C a m p a i g n w e w e r e p r o d u c i n g free-network Solut ions 
for Europe . The results w e r e h a n d e d over to the IERS. 

- w e w e r e a n d are p r o d u c i n g local i o n o s p h e r e m o d e i s for Europe . W e c o u l d 
d e m o n s t r a t e that these m o d e i s together w i t h our C O D E orbits a l l o w ambi-
g u i t y - r e s o l u t i o n b a s e l i n e b y base l ine (Mervart et al, 1993). A n a l y s e s of this 
k ind d e m o n s t r a t e the use fu lness of the IGS concept for the "normal" user. 

2. A N A L Y S I S CHARACTERISTICS 

T h e s u m m a r y g i v e n here is b a s e d o n the papers (Rothacher et al, 1992) and 
(Gurtner et al, 1992) presented at the IAG S y m p o s i u m N o 112 in P o t s d a m . 

A u t o m a t e d Data F low , Process ing S c h e m e , a n d Technica l A s p e c t s 

The i n c o m i n g data are sent to C O D E via FTP by I G N a n d IfAG. In a first s tep 
data files are d e c o m p r e s s e d , the a priori orbits are generated (based o n broadcast orbits), 
t h e rece ivers are s y n c h r o n i z e d to GPS t ime ( u s i n g e i ther C / A - or P -code ) , Single 
d i f ference fi les are f o r m e d , then the p h a s e Single d i f ference fi les are screened . It is 
i m p o r t a n t to k n o w that it is not neces sary to u s e the P - c o d e in our pre -process ing 
s c h e m e . If it is avai lable w e usua l ly run a program w h i c h c leans the w i d e - l a n e o n the 
zero -d i f f erence l eve l u s i n g the M e l b o u r n e / W u e b b e n a l inear c o m b i n a t i o n of p h a s e 
a n d code . If (under AS) the P-code is no t avai lable , this pre -process ing part is s i m p l y 
s k i p p e d . Af terwards the Single dif ference p h a s e observat ions are screened, w h e r e the 
i o n o s p h e r e - f r e e l inear c o m b i n a t i o n L3 a n d the w i d e - l a n e L5 are c h e c k e d for 
d i scont inu i t i e s . If the c o d e / p h a s e l inear combinat ions w e r e screened prev ious ly , w e 
m a y u s e a p r o g r a m s w i t c h w h i c h w i l l a s s u m e that L5 is c l e a n a l r e a d y . If 
d i scont inu i t i e s are e n c o u n t e r e d , it is checked w h e t h e r they can be safe ly r e m o v e d by 
a d d i n g integer n u m b e r s of cycles in the indiv idual carriers. If this is not the case, n e w 
a m b i g u i t i e s are se t u p . T h r o u g h this p r o c e d u r e w e p e r h a p s set u p t o o m a n y 
ambigu i t i e s , but w e h a v e the a d v a n t a g e that the procedure m a y be u s e d under A S too. 

In a s e c o n d s tep o n e - d a y Solutions are c o m p u t e d . D u r i n g the first f e w m o n t h s 
w e u s e d these Solut ions for pure data qual i ty checks . Later o n w e b e c a m e aware that 
these Solut ions a lready are of a remarkable quality. Therefore, s ince 25 July 1992 w e 
are k e e p i n g track of the earth rotation parameters x and y. It is p l a n n e d to c o m p a r e 
t h e m to our 3 -days series in future. 

In the third s t ep 3 -days Solut ions are p r o d u c e d . Al l results l e a v i n g C O D E are 
b a s e d o n these 3 - d a y s Solut ions. W e generate o n e such Solut ion for e a c h d a y , w h i c h 
m e a n s that w e are w o r k i n g w i t h o v e r l a p p i n g orbits . T h e p r i n c i p l e is s h o w n in 
Figure 1. 
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I Ixxxxl 1 3-days are No 1 
I Ixxxxl 1 3-days are No 2 

I Ixxxxl 1 3-days are No 3 

Ixxxxlxxxxlxxxxlxxxxlxxxxlxxxxl—> Released CODE Orbits 

day 1 from are No 1 
day 2 from are No 2 

day 3 from are No 3 

F i g u r e 1: P r o c e s s i n g i n O v e r l a p p i n g I n t e r v a l s a t A I U B (Official C O D E orb i t s ) 

D u r i n g t h e 1992 I G S T e s t C a m p a i g n s Steps 2 a n d 3 of o u r a n a l y s i s w e r e d o n e 
s e p a r a t e l y for t h e E u r o p e a n s i t e s a n d for t h e G l o b a l s i t e s . W i t h t h e b e g i n n i n g of t h e 
I G S P i l o t S e r v i c e t h e s e p a r a t e E u r o p e a n So lu t i on w a s d i s c o n t i n u e d , b u t all E u r o p e a n 
s t a t i o n s w e r e i n c o r p o r a t e d i n t o t h e G l o b a l So lu t ion . W e a r e n o w r o u t i n e l y p r o d u c i n g 
t w o d i f f e r en t S o l u t i o n s : o n e So lu t ion w i t h f ix ing a c e r t a i n n u m b e r of s t a t i o n s ( a m o n g 
t h e m a r e 5 E u r o p e a n s i t e s , s ee T a b l e 2) to t he i r official ITRF c o o r d i n a t e s , i n a s e c o n d 
p r o g r a m r u n w e a r e p r o c e s s i n g e x a c t l y t h e s a m e o b s e r v a t i o n s , b u t w e a r e l e a v i n g all 
E u r o p e a n s i t es ( a p a r t f r o m W e t t z e l l ) u n c o n s t r a i n e d . In t h i s w a y w e a r e still p r o d u c i n g 
"free" E u r o p e a n S o l u t i o n s . 

T h e force m o d e l 

E a r t h ' s P o t e n t i a l a n d r e l a t e d I n f o r m a t i o n : 

- G E M - T 3 (8,8) m o d e l ( i n c l u d i n g t h e n o n - z e r o t e r m s C 2 1 , S21 (!)) a s spec i f i ed in 
t h e IERS S t a n d a r d s (Mc C a r t h y , 1992) 

- GM=398 .6004415 1 0 1 2 m V s 2 

- E q u a t o r i a l R a d i u s of t h e e a r t h a = 6378137.0 m 

G r a v i t a t i o n b y s u n / m o o n : 
a t p r e s e n t w e a r e u s i n g a n a l y t i c a l a p p r o x i m a t i o n s for t h e r e c o m m e n d e d JPL 
D E - 2 0 0 s e r i e s . T h e d i f f e r ences to t h e D E - s e r i e s a r e n o t i m p o r t a n t for t h e a rc -
l e n g t h s ( m a x i m u m of t h r e e d a y s ) w h i c h w e a r e u s i n g a t p r e s e n t . Fo r l o n g 
t e r m a n a l y s e s (a f e w m o n t h s ) t h e d i f f e r e n c e s m i g h t b e c o m e r e l e v a n t . T h i s is 
w h y w e w i l l i n c o r p o r a t e t h e D E - 2 0 0 in t h e n e a r f u t u r e i n t o o u r r o u t i n e 
p r o c e s s i n g s c h e m e too . 

R a d i a t i o n P r e s s u r e M o d e l l i n g 
W e u s e t h e R o c k 4 , R o c k 4 2 m o d e i s a e c o r d i n g t o F l i ege l (1992). In t h i s m o d e l 
t h e s a t e l l i t e m a s s e s m u s t b e u s e d . I n T a b l e 1 w e g i v e t h e m a s s e s w e u s e at 
p r e s e n t a s a p r i o r i v a l u e s . T h e s e a p r i o r i m o d e i s a r e left u n c h a n g e d i n o u r 
p r o c e s s i n g . 

W e m a y s o l v e , h o w e v e r , for a d i r e c t r a d i a t i o n p r e s s u r e p a r a m e t e r dpO 
( p o i n t i n g f r o m t h e s u n to t h e sa te l l i te) a n d for a y -b i a s p a r a m e t e r p 2 . 

T a b l e 1 a l s o c o n t a i n s t h e i n p u t p a r a m e t e r s for t h e R o c k m o d e i s a n d o t h e r 

sa t e l l i t e speci f ic d a t a w h i c h a r e u s e d in o u r p r o c e s s i n g . 
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Table 1. Satel l i te Specific Data 

SATELLITE 

PRN 

1 
2 
3 
6 
8 
9 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

BLOCK 
NO. 

3 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

SPECIFIC DATA 

ANTENNA OFFSETS (M) 
DX 

0.2794 
0.2794 
0.2100 
0.2100 
0.2100 
0.2100 
0.2100 
0.2100 
0.2100 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 
0.2794 

BLOCK NUMBER: BLOCK 

DY 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1 = 1, 

DZ 

1.0259 
1.0259 
0.8540 
0.8540 
0.8540 
0.8540 
0.8540 
0.8540 
0.8540 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 
1.0259 

BLOCK II 

MASS 
(KG) 

975. 
878.2 
521.8 
453.8 
440.9 
462.6 

519.8 
520.4 
887.4 
885.9 
883.2 
883.2 
883.2 
883.2 
887.4 
883.9 
975. 
972.9 
975. 
975. 
975. 
975. 
975. 
975. 
975. 
975. 
975. 

DP0 
(l.E-8) 

0.0000 
-0.8596 
-0.1098 
-0.1600 
0.0000 
0.0000 
-0.2749 
-0.1856 
-0.4206 
-0.8120 
-0.7188 
-0.7046 
-0.6821 
-0.7657 
-0.8262 
-0.9558 
-0.7674 
0.0000 
0.3138 
-0.7518 
-1.0015 
0.0000 
0.0000 
-0.1438 
0.0000 
0.0000 
0.0000 
0.0000 

= 2, BLOCK IIA = 3, 

P2 
(l.E-9) 

0.0000 
0.8249 
0.2328 
0.7385 
0.0000 
0.0000 

-0.5216 
0.2371 
-0.6902 
0.8043 
0.6608 
0.4846 
0.6294 
0.0000 
0.4905 
0.3691 
0.3047 
0.0000 
0.3932 
1.0852 
0.9704 
0.0000 
0.0000 
0.1147 
0.0000 
0.0000 
0.0000 
0.0000 

ROCK MODEL 
(T-l, 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

, BLOCK H R = 4 

S-2) 

ok 
ok 
ok 
off 
off 
off 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
new 
ok 
ok 
ok 
new 
new 
new 
new 
next 
next 
new 

L i g h t <—> S h a d o w C h a n g e s 

W e a s s u m e i n s t a n t a n e o u s l i g h t <—> s h a d o w t r a n s i t s . T h e c o r r e s p o n d i n g 
t r a n s i t t i m e s a r e c o m p u t e d b y i n d i r e c t i n t e r p o l a t i o n , t h e n u m e r i c a l i n t e g r a t i o n 
i s i n i t i a l i z e d a t t h e s e p o i n t s ( to a l l o w for d i s c o n t i n u i t i e s of t h e forces a t t h e s e 
t i m e s ) . 

P r o b l e m if t h e s u n is i n t h e o rb i t a l p l a n e : 
T h e r u l e s w h i c h a r e g i v e n b y Fl iege l (1992) to c o m p u t e t h e o r i e n t a t i o n of t h e 
sa te l l i t e s (x-, y- , a n d z - axes) ask for v e r y r a p i d r o t a t i o n s b y t h e a n g l e of 180 d e g 
of t h e s p a c e c r a f t a r o u n d t h e z -ax is a t t w o p o i n t s in t h e o r b i t in t h i s ca se . T h i s 
m a y c a u s e n u m e r i c a l p r o b l e m s . T h e s a m e p r o b l e m of c o u r s e o c c u r s in rea l i ty . 
O n e s h o u l d k n o w h o w t h e G P S s a t e l l i t e s a c t u a l l y b e h a v e u n d e r t h e s e 
c i r c u m s t a n c e s . E x p e r i e n c e s h o w s t h a t t h e o r b i t m o d e l l i n g is u s u a l l y m o r e 
d e l i c a t e if t h e s e s i t u a t i o n s occu r . 

Sol id E a r t h T i d e s : 
I m p l e m e n t e d a c c o r d i n g to t h e IERS S t a n d a r d s (Mc C a r t h y , 1992). 
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G e n e r a l R e l a t i v i t y : 
T a k e n i n t o a c c o u n t a c c o r d i n g t o IERS S t a n d a r d s . 

S y s t e m of O r b i t I n t e g r a t i o n : 
J2000 .0 . T h e I A U 1980 m o d e i s for p r e c e s s i o n a n d n u t a t i o n a r e u s e d . T h e 
c o r r e c t i o n s d y , de d i s t r i b u t e d b y t h e IERS b u l l e t i n s w e r e n o t u s e d s o far. 

O u r rea l i za t ion of t h e ITRF 

T a b l e 2 g i v e s t h e l is t of t r a c k i n g s t a t i o n s w e k e e p f ixed in o u r a n a l y s i s . T h e 
c o r r e s p o n d i n g s i t e e c c e n t r i c i t y I n f o r m a t i o n c a n b e f o u n d in I G S M a i l N o 90. T h e u s e d 
c o o r d i n a t e s a r e V L B I a n d S L R c o o r d i n a t e s i n t h e I T R F S y s t e m a c c o r d i n g t o t h e 
I G S M A I L N o 90 . 

I n a d d i t i o n it is i m p o r t a n t to n o t e t h a t w e a p p l y t h e d e f o r m a t i o n s d u e t o t h e 
s o l i d e a r t h t i d e s ( M c C a r t h y , C h a p t e r 7, Eqn .6 ) b e f o r e u s i n g a S ta t ion p o s i t i o n a t a 
spec i a l t i m e t. 

T a b l e 2: F i x e d s t a t i o n s ,*): t h e s e s t a t i o n s a r e n o t a n y m o r e f ixed s ince t h e b e g i n n i n g of 
t h e I G S P i lo t Service 

Fixed stations in the processing (Global set): 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

KOSG 
MADR 
MATE 
TROM 
WETT 
ONSA 
KOKB 
ALGO 
FAIR 
GOLD 
YELL 
RCM2 
CANB 
YAR1 

13504M002 
13407S010 
12734S001 
10302M002 
14201S004 
10402S002 
40424S001 
40104S001 
40408S002 
40405M013 
40127M001 
40499M002 
50103S010 
50107M001 

M i s c e l l a n e o u s M o d e l l i n g c o m p o n e n t s 

Orb i t s : 
A p s e u d o - s t o c h a s t i c o r b i t m o d e l l i n g c a p a b i l i t y w a s i n t r o d u c e d a r o u n d J a n u a r y 1993. 
T h e p r i n c i p l e i s t h e f o l l o w i n g : A t p r e d e t e r m i n e d t i m e s (e.g. s ix t i m e s d u r i n g t h e d a y 
( e q u i d i s t a n t s p a c i n g ) ) i m p u l s e - c h a n g e s m a y b e s o l v e d for, w h e r e it is a g a i n p o s s i b l e to 
c o n s t r a i n t h o s e c h a n g e s . T h e r e s u l t i n g o rb i t a l t ra jec tory i s , b u t i t s f irst d e r i v a t i v e is n o t 
c o n t i n u o u s . A s e r i e s of ' S t o c h a s t i k S o l u t i o n s o v e r a t i m e i n t e r v a l of m o n t h s is 
a v a i l a b l e n o w . T h e r e s u l t s a r e i n t e r e s t i n g , t h e o n l y rea l p r o b l e m s e e m s t o b e t h e l o n g -
t e r m s t a b i l i t y of t h e U T 1 - U T C e s t i m a t e s . R e s i d u a l d i f f icu l t ies w i t h c a s e s w h e r e n o o r 
o n l y f e w o b s e r v a t i o n s a r e a v a i l a b l e st i l l ex is t . T h e s e S o l u t i o n s a r e n o t p a r t y e t of t h e 
official C O D E r e s u l t s . 
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T r o p o s p h e r e : 
M o d e l l i n g t r o p o s p h e r i c refract ion is a crucial e l e m e n t . W e u s e an a priori m o d e l 
b a s e d o n the S a a s t a m o i n e n theory . In a d d i t i o n w e m a y i n t r o d u c e for e a c h s i te a 
n u m b e r n of t r o p o s p h e r e parameters (zeni th delays) per day . T h e s e parameters m a y 
b e c o n s t r a i n e d in t w o d i f f erent w a y s , (a) by i m p o s i n g a pr ior i w e i g h t s ( t h u s 
c o n s t r a i n i n g their a b s o l u t e v a r i a t i o n s ) , (b) b y i m p o s i n g a priori w e i g h t s to t h e 
d i f f e r e n c e of s u b s e q u e n t t r o p o s p h e r e p a r a m e t e r s . Th i s a l l o w s u s to m o d e l the 
t r o p o s p h e r e i n m a n y di f ferent w a y s , e .g . as a r a n d o m w a l k w i t h p r e d e t e r m i n e d 
characteristics. (For m o r e informat ion s e e Rothacher (1992)). 

Earth Rotat ion Parameters: 
In the parameter e s t i m a t i o n p r o g r a m the total t ime interval c o v e r e d by o b s e r v a t i o n s 
m a y b e d i v i d e d into smal l er t ime intervals , s o cal led partial intervals . Wi th in each 
part ia l i n t e r v a l the p o l e m a y b e m o d e l e d as a p o l y n o m i a l in t ime , w h e r e the 
p o l y n o m i a l d e g r e e (separately for x, y , and UT1-UTC) has to be specif ied by the user. It 
is p o s s i b l e to ask for a c o n t i n u o u s p o l e at the partial interval boundar ies . 

A m b i g u i t y parameters: 
A m b i g u i t y parameters (at least o n e per d a y and satel l i te , in general it is necessary to 

in troduce m o r e (after breaks, losses of lock)). 

Characterist ics of the rout ine So lut ions 

Table 3 : So lut ion Characteristics for N G SERIES and EU SERIES 

(a) Global So lu t ion 

Agency : CODE 
Solution Identifier: "NG" 

Orbit Are Length : 3 days, overlapping 
Orbit Parameters : Osculating Keplerian Elements (6 per are & satellite) 

direct radiation pressure pO (on top of ROCK Models, 
compare Table 1) and y-bias. 

Troposphere :4 zenith delays per day and Station, at present virtually 
unconstrained 

Fixed Coordinates : K0SG, MADR, MATE, TROM, WETT, ONSA, K0KB, ALG0, 
FAIR, GOLD, YELL, RCM2, CANB, YAR1 

Earth Rotation : Each 3-day Solution is divided into 3 one-day intervals. 
Parameters x, y, and UT1-UTC are modeled as polynomials of degree 0 

(on top of the most recent pole distributed by the IERS 
Rapid Service) within each one-day interval. No continuity 
conditions were imposed. The UT1-UTC estimate of the first 
day is fixed to the a priori value (from the RAPID Service) 
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(b) E u r o p e a n S o l u t i o n 

Agency: CODE 
Solution Identifier: "EU" 

Orbit Are Length: 
Orbit Parameters: 

Troposphere: 

3 days, overlapping 
Osculating Keplerian Elements (6 per are & satellite) direct 
radiation pressure pO (on top of ROCK Models, compare 
Table 1) and y-bias. 

4 zenith delays per day and Station, at present virtually 
unconstrained 

Fixed Coordinates: a) during the 1992 IGS Campaign: NONE (only a priori cons­
traints according Table 4) 
b) during the IGS Pilot Service: WETT is kept fix together 
with the other global sites of Table 2. 

Earth Rotation: Each 3-day Solution is divided into 3 one-day intervals. 
Parameters x, y, and UT1-UTC are modeled as polynomials of 
degree 0 (on top of the most recent pole distributed by the 
IERS Rapid Service) within each one-day interval. No conti-
nuity conditions were imposed. The UT1-UTC estimate of the 
first day is fixed to the a priori value (from the RAPID 
Service) 

T a b l e 4 : A p r i o r i c o n s t r a i n t s o n t h e E u r o p e a n c o o r d i n a t e s d u r i n g t h e 1992 I G S 
C a m p a i g n 

Constaint on 

WETTZELL: 

all other Stations: 

East and North-Coordinates 

0. 02 m 

0. 05 m 

Up-Coordinate 

0.05 m 

0.10 m 

3 . R E S U L T S 

3.1 Earth Rota t ion Parameters: E O P ( C O D E ) 92 P 04 

F i g u r e s 2a , 2 b , a n d 2c c o n t a i n t h e d i f fe rences of o u r N G p o l e w i t h r e s p e c t to t h e 
C 0 4 p o l e a s c o m p u t e d b y t h e IERS C e n t r a l B u r e a u i n P a r i s . T h e s t r a i g h t s o l i d l i ne 
s h o w s t h e c o r r e c t i o n t h a t s h o u l d b e a p p l i e d (IERS A n n u a l R e p o r t , 1 9 9 1 , T a b l e II-3) t o 
the C 0 4 p o l e t o b e c o m p a r a b l e w i t h G P S e s t i m a t e s . W i t h t h e e x c e p t i o n of a s h o r t t i m e 
interval i n J a n u a r y 1993 ( r e a s o n t o b e f o u n d ) t h e a g r e e m e n t is s a t i s f ac to ry in x a n d y, 
there are s i g n i f i c a n t d i f f e r e n c e s h o w e v e r in o u r i n t e g r a t e d U T 1 - U T C v a l u e s . T h i s is 
n o t t o o s u r p r i s i n g i n v i e w of t h e fact t h a t G P S is o n l y c a p a b l e of m e a s u r i n g t h e 
d e r i v a t i v e of t h e U T 1 - U T C c u r v e . 
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3.2 C o o r d i n a t e s 

D u r i n g t h e 1992 T e s t C a m p a i g n w e p r o d u c e d f r e e - n e t w o r k S o l u t i o n s for 
E u r o p e . I n d e p e n d e n t l y f r o m t h e p r o c e s s i n g of t h e g l o b a l l y d i s t r i b u t e d s t a t i o n s w e 
p e r f o r m e d S o l u t i o n s o n l y w i t h E u r o p e a n s t a t i ons . T h e E u r o p e a n c o o r d i n a t e s g o t w e a k 
c o n s t r a i n t s ( see T a b l e 4). L e t u s p o i n t o u t t h a t t h e i n t r o d u c e d c o n s t a i n t s (Wet tze l l ) a r e 
r e a l l y w e a k . 

F o r 115 3 - d a y S o l u t i o n s ( o v e r l a p p i n g ) ( D a y s 171-285) r e s i d u a l s t o t h e I T R F 
c o o r d i n a t e s a r e a n a l y s e d (af ter 6 P a r a m e t e r H e l m e r t t r a n s f o r m a t i o n (3 R o t a t i o n s , 
3 T r a n s l a t i o n s ) ) . 

T h e m e a n c o o r d i n a t e s e t E U P 92 S S C ( C O D E ) 92 P Ol h a s t h e f o l l o w i n g 
p r o p e r t i e s : 

- T h e s u m of t h e r e s i d u a l s (after 6 - P a r a m e t e r H e l m e r t t r a n s f o r m a t i o n of e a c h 
3 -Day S o l u t i o n to EU P 92) of each c o o r d i n a t e is z e r o . 

- Scale , t r a n s l a t i o n a n d o r i e n t a t i o n of EU P 92 is t h e s a m e as ITRF. 

T h e s e r e s u l t s w e r e h a n d e d o v e r to t h e IERS. 

T o c o n f i r m t h e s e c o o r d i n a t e s , a s e c o n d c o o r d i n a t e se t is e s t i m a t e d w i t h d a t a 
s i n c e t h e b e g i n n i n g of t h e IGS Pi lo t S e r v i c e ( W E T T is k e p t fix t o g e t h e r w i t h o t h e r 
g l o b a l d i s t r i b u t e d s i tes of T a b l e 2 , all E u r o p e a n s t a t i o n s a r e free): 

C o m b i n i n g 119 3 - d a y S o l u t i o n s ( d a y 312 (1992)- d a y 063 (1993)) w i t h t h e füll 
v a r i a n c e c o v a r i a n c e m a t r i x to a m e a n c o o r d i n a t e se t g i v e s c o o r d i n a t e se t E U P 92-2 
S S C ( C O D E ) 92 P 02. N o h e l m e r t t r a n s f o r m a t i o n is n e c e s s a r y for th is p r o c e e d i n g . 

T h e c o n s i s t e n c y of t h e s e d i f fe ren t c o o r d i n a t e s e t s , d u e to t h e u s e d d a t a (on ly 
E u r o p e a n d a t a — g l o b a l s u p p o r t e d d a t a ) a n d d u e to t he c o m p u t a t i o n ( R e s i d u a l a n a l y s i s 
af ter H e l m e r t t r a n s f o r m a t i o n — L e a s t S q u a r e a d j u s t m e n t w i t h füll v a r i a n c e c o v a r i a n c e 
m a t r i x ) is p r o v e d w i t h a h e l m e r t t r a n s f o r m a t i o n of EU P 92 a n d EU P 92-2. W i t h o n e 
e x c e p t i o n ( T R O M N o r t h d i r e c t i o n ) all r e s i d u a l s a r e b e l o w t h e 1 c m level . 
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x coordinate of |MI!C (CODE - C04) 

2.0 

-2.0 

800 850 900 950 
X-AXIS OFFSET: 48000 

y coordinate of pole (CODE - C04) 

800 850 900 950 1000 
X-AXIS OFFSET: 48000 

UTl - UTC (CODE - C04) 

800 850 900 950 
X-AXIS OFFSET: 48000 

1000 

Figures. 2a, 2b, 2c 
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D i s t r i b u t i o n of t h e 13 s i tes of t h e t e r r e s t r i a l f r a m e S S C ( C O D E ) 92 P Ol. 

E O P ( C O D E ) 92 P 04 F r o m J u n 1992 to Jul 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; 0.0001s for U T l 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

1992 196 0.10 196 0.10 196 0.07 
1993 196 0.08 196 0.07 196 0.05 
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SITE C O O R D I N A T E S FROM THE CENTER FOR SPACE RESEARCH S O L U T I O N 
CSR 92 P 03 

M. M. Watk ins , B. E. Schutz , a n d P. A. M. Abusal i 
Center for Space Research, Univers i ty of Texas at Aust in , Aus t in TX 

M e a n p o s i t i o n s for all s i tes p r o c e s s e d at the U n i v e r s i t y of Texas Center for 
Space Research w e r e adjusted u s i n g a n o n c o n t i g u o u s 54 d a y subse t of the data s p a n 
from the IGS c a m p a i g n in W e e k s 650 through 662. The Solution is fiducial free, s o n o 
s i tes w e r e he ld f ixed. The resul t ing site pos i t ions w e r e corrected for geocenter m o t i o n 
in order to co inc ide w i t h the CSR92L01 (which def ines ITRF91) geocenter a n d frame 
o r i e n t a t i o n . 

T h e a priori po lar m o t i o n and U T l w e r e d e r i v e d from L a g e o s laser rang ing 
(constra ined b y IRIS VLBI at per iods > 60 days) p r o d u c e d operat ional ly at UTCSR for 
inc lus ion into the IERS rapid Service bul let ins . 

T h e force a n d m e a s u r e m e n t m o d e i s u s e d for this Solut ion conform genera l ly 
to the IERS/IGS Standards , w i t h the fo l l owing except ions: 

1) The m e a n gravi ty field w a s TEG-2, a State of the art gravi ty field c o m p u t e d at 
the Un ivers i ty of Texas Center for Space Research. 

2) T h e o c e a n t ide m o d e l w a s an e n h a n c e d v e r s i o n of the S c h w i d e r s k i m o d e l 
ex trapo la ted to i n c l u d e 80 cons i tuents c o m p l e t e through d e g r e e and order 20, 
a s s u m i n g admit tances w h i c h vary l inearly w i t h frequency. 

3) T h e s o l i d t ide m o d e l has b e e n e x p a n d e d to i n c l u d e third d e g r e e a n d fourth 
d e g r e e terms. 

4) T h e geogravi tat ional constant, G M , w a s 398600.4415 k m 3 / s 2 . 

N o t e s concern ing the Interpretation of the coordinates: 

(1) T h e corrected antenna h e i g h t s of 5.203 m at N y A l l e s u n d and of 9.754 m at 
Har tebees thoek h a v e b e e n u s e d . 

(2) T h e e p o c h of 1992.6 is reported b e c a u s e it is the ( rounded) m e a n of the data 
u s e d to adjust the s i tes , h o w e v e r , n o tectonic ve loc i t ies w e r e m o d e l l e d in the 
adjus tment in order to ach ieve this exact ep och uni formly for each site. 

(3) T h e pos i t i on for P i n y o n s p a n s the Landers earthquake, but w i t h 7 d a y s before 
a n d 38 d a y s after, s o the p o s i t i o n wi l l agree m o r e c lo se ly w i t h p o s t q u a k e 
pos i t i ons from other g r o u p s , but m a y be sl ightly in error because of this. 

(4) U s u d a data after d a y 222 w a s not i n c l u d e d in the Solut ion, s o the p o s i t i o n 
reflects the p o s i t i o n over the per iod from d a y s 173-222, and d o e s i n c l u d e the 
a n o m a l o u s p o s i t i o n afterwards. 

IERS(1993) Technical Note No 14. 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the se t of Station c o o r d i n a t e s 
S S C ( C S R ) 9 2 P 0 3 

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

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

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

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

5 - Re l a t i v i t y Scale : 

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

o n Stat ion: 

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

8 - Ve loc i ty of l i gh t (C) : 

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

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

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

C o o r d i n a t e s : 

P h a s e A m b i g u i t i e s : 
Orb i t : 

EOP: 

12 - De f in i t i on of t h e o r i g i n : 

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

G P S 

C S R 

(CSR) 92 P 03 

M S O D P 1 / L L I S S 

G e o c e n t r i c (LE) 

T i d a l c o r r e c t i o n h a s n o n z e r o m e a n . 
P o s i t i o n s d o n o t ref lect t r u e m e a n . 

A d j u s t e d 

299792458 m / s e c 

398600.4415 k m 3 / s 2 

1992.6 

E p o c h 1992.6 p o s i t i o n for s i t e s i n c a r t e s i a n 
c o o r d i n a t e s s o l v e d g l o b a l l y for e n t i r e d a t a 
s p a n . 
A d j u s t e d w h e r e n e c e s s a r y . 
E p o c h p o s i t i o n a n d v e l o c i t i e s , R o c k 4 S c a l e 
p a r a m e t e r , Y b i a s a d j u s t e d da i ly . 
F ixed to U T C S R o p e r a t i o n a l s e r i e s 

G e o c e n t r i c , CIO = C l l = S i l = 0.0 

S y s t e m o r i e n t e d t o a g r e e w i t h I T R F 9 1 in 
r o t a t i o n a n d t r a n s l a t i o n 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : N o n e d u e to s h o r t t i m e s p a n 
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G PS D A T A PROCESSING A T THE EMR ANALYSIS CENTRE EMR 93 P Ol 

J. Kouba, J. Popelar, P. Tetreault, R. Ferland and F. Lahaye 
G e o d e t i c S u r v e y D i v i s i o n (GSD), S u r v e y s , M a p p i n g and R e m o t e Sens ing Sector 
(SMRSS), Energy M i n e s a n d Resources (EMR), 615 Booth St., Ot tawa, Ont. K1A OE9 

S ince A u g u s t 1992 the GSD's Master A c t i v e Control S y s t e m (MACS) Centre 
h a s b e e n r e d u c i n g G P S data from six Canad ian A C S stat ions a u g m e n t e d b y u p to 12 
s t a t i o n s of the In ternat iona l G e o d y n a m i c s GP S Serv ice (IGS) g l o b a l core Station 
ne twork . The GIPSY 11/ OASIS GPS Software System d e v e l o p e d by the Jet Propul s ion 
Laboratory h a s b e e n a d o p t e d for dai ly process ing . The GIPSY II proces s ing has b e e n 
h i g h l y a u t o m a t e d u s i n g U N I X Script to conso l ida te and integrate p r o c e d u r e s in to a 
Single run . E l e v e n s ta t ions w e r e cons tra ined at the IGS coord ina te s (Table 2) and 
a d o p t e d cons tants , grav i ty and radiat ion pressure m o d e i s conform to the IGS/ IERS 
Standards (Boucher et al, 1992; McCarthy, 1992) The global ocean load ing m o d e l d u e 
to Pagiatakis (1982) has been adopted . The submit ted EMR EOP series Starts o n July 27, 
1992 a n d d o e s not inc lude d a y s w i t h Anti Spoof ing (AS). 

T h e EMR p r o c e s s i n g is b a s e d o n u n d i f f e r e n c e d p h a s e a n d s m o o t h e d 
p s e u d o r a n g e data at 5 m i n u t e s s a m p l i n g intervals u s i n g 15 degree e levat ion ang le cut 
off. Both p h a s e a n d p s e u d o r a n g e o b s e r v a t i o n s are c o n s i d e r e d u n c o r r e l a t e d and 
w e i g h t e d according to s i g m a s c o m p u t e d from the f o l l o w i n g exponent ia l mode l : 

a(E) = GO + a i e-(E/E0) 

w h e r e E is the e l e v a t i o n ang l e in d e g r e e s a n d the constants are: Eo = 20, Go = 4 m m , 

Gi = 15 m m for p h a s e m e a s u r e m e n t s at all s ta t ions ; Go = 180 a n d 780 m m for 
p s e u d o r a n g e s at m o s t stat ions. S o m e s tat ions (e.g. P A M A , STJO, YELL) h a v e higher 
p s e u d o r a n g e n o i s e d u e to m u l t i p a t h a n d are be ing w e i g h t e d according ly . W e h a v e 
a l so e n h a n c e d the GIPSY II Software to a l l o w different w e i g h t i n g of satel l i tes , data 
s e g m e n t de le t ion a n d corrections of biases. This proved to be useful for data reduct ion 
w h e n A S satell ites can be d o w n w e i g h t e d , deleted or bias corrected. 

W e h a v e a d o p t e d 24h arcs w i t h o u t any data over lap . For each 24h are the 
initial a priori State vector is taken from the prev ious d a y Solution and propagated to 
t h e b e g i n n i n g of t h e current d a y m a k i n g the e s t i m a t i o n p r o c e s s seif c o n t a i n e d . 
Broadcast orbits are u s e d o n l y w h e n introduc ing a n e w satel l ite, or after a large g a p 
s u c h as those d u e to early hardware prob lems associated w i t h A S tracking. U s i n g the 
p r e c e d i n g are Solut ion is not on ly more accurate than the broadcast orbit init ial ization, 
but it a l so offers a seif check on dai ly Solutions and a quick indicat ion of orbit errors 
a n d / o r p r o b l e m s re lat ing to a particular satellite. The di f ferences b e t w e e n the State 
vector e s t i m a t i o n for s u c c e s s i v e d a y s are typical ly b e l o w I m a n d v a l u e s larger than 
1.5m are usua l ly reported in the w e e k l y s u m m a r y files. In m o s t cases larger differences 

IERS(1993) Technical Note No 14. 
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h a v e b e e n f o u n d for e c l i p s i n g satel l i tes . This approach a l so facil itates another t y p e of 
orbit m o d e l l i n g a n d e s t imat ion of D U T 1 . By a s s ign ing a priori orbit s i g m a s of I m and 
0.5 m m / s in fact a p p r o x i m a t e s a r a n d o m w a l k s tochast ic p r o c e s s w i t h da i ly Updates 
a n d s i g m a s of l m / d a y 0 - 5 a n d ( . 5 m m / s ) / d a y 0 - 5 . This is d u e to the fact that the other 
s i g m a s are m u c h smal ler , typical ly b e l o w 10 c m and 0.03 m m / s . A s a c o n s e q u e n c e of 
the co l inear i ty b e t w e e n D U T 1 a n d R. A. of the a s c e n d i n g orbit n o d e s , the e s t imated 
D U T 1 conta ins bo th the D U T 1 c h a n g e s as w e l l as the orbit n o d e errors c o m m o n to all 
sate l l i tes w i t h s i g m a s a n d correlat ion characteristic of a r a n d o m w a l k process , i.e. the 
covar iance b e t w e e n d a y i a n d i+1 is 

a 2 i , i H 4 = a 2 i , i 

T h e var iance o 2 -x j increases a p p r o x i m a t e l y w i t h i0-5, w h e r e i is the n u m b e r of 

d a y s s ince the D U T 1 init ial ization. D U T 1 is ini t ia l ized the first n o n A S day of the GPS 
w e e k u s i n g the m o s t current U S N O / I E R S Bull. A va lues . The s u m m a r y of e s t imated 
parameters , their a priori v a l u e s and s i g m a s are l isted in Table 1. 

Table 1 : S u m m a r y of e s t imated parameters , a priori v a l u e s and s i g m a s 

Parameters 
StationX,Y,Z < 
Pole x,y 
DUT1 
Trop. Z. dely 
Satell. states 
Sol. rad. Gx,Gz 
Sol. rad. Gy 
Init. phase amb 
Trop. bias 
Station clock 
Satell. Clock 

type 
constant 
it 
it 
tt 
tt 
tt 
tt 
tt 

a priori values 
IGS/ITRF91 (1992.5) 
IERS/USNO Bull. A 

tt tt 
2.0m 

prev. day Solution 
1.0 
0 
0 

random w. 0 
w. noise 0 

ti 0 

a priori sigmas 
50m (fixed .002-.02m) 
3m 
3m ; fixed/reset every week 
. 2m 
1km, .005m/s or Im, .0005m/s 
.1 (10%) 
1.0 10E-9 m/s"2 
300000km 
.Olm/sqrt(lh) 
ls (ALGO H-Maser fixed) 
0.001/.0001s for Block I/II 

T h e or ientat ion a n d to a large ex tend the scale of the EMR o r b i t / E O P Solutions 
are n o m i n a l l y t h o s e of ITRF91 ( epoch 1992.5) as rea l ized through the set of u p to 11 
s ta t ions (Table 2) cons tra ined at the ITRF91 coordinates w h i c h are pr imari ly b a s e d o n 
VLBI Solut ions . A l s o the D U T 1 predic t ion is d e r i v e d from VLBI D U T 1 S o l u t i o n s / For 
this S u b m i s s i o n the D U T 1 e s t i m a t i o n s has b e e n re ini t i l i zed b y u s i n g the final v a l u e s 
(FV) of I E R S / N O E S Bull. A , to e n s u r e a g r e e m e n t w i t h the Bull. A . 

T h e r e p o r t e d E O P s i g m a s are the f o r m a l s i g m a s as e s t i m a t e d b y the 
ad jus tment . A s e x p e r i e n c e d from the repeatabi l i ty of p o s i t i o n Solut ions the formal 
s i g m a m a y b e too opt imis t ic , a n d n e e d to be mul t ip l i ed b y a factor of 2 or 3. 
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Table 2: I G S / I E R S Stat ion c o o r d i n a t e se t u s e d in E M R G P S p r o c e s s i n g : 
(ITRF91 s y s t e m e p o c h : 1992.5) 

Station IGS DOMES X (KM) Y(km) Z(km) LI L2-L1 
Code m m 

Contrained Stations: 2mm - ALG0: 10mm - TROM, WETT, MADR; 20mm - all others 

Algonquin ALGO 40104M002 918.129616 -4346.071224 4561.977800 0.1919 -0.0185 

Fairbanks FAIR 40408M001 -2281.621327 -1453.595775 5756.961976 0.1939 -0.0185 

Goldstone GOLD 40405S031 -2353.614083 -4641.385406 3676.976471 0.0779 -0.0185 

Hartebee. HART 30302M002 5084.625404 2670.366499 -2768.494039 9.8319 -0.0185 

Madrid MADR 13407S012 4849.202506 -360.329179 4114.913003 0.0779 -0.0185 

Mcmurdo MCMU none -1310.69525 310.468880 -6213.363449 5.0679 -0.0185 

Santiago SANT 41705M003 1769.693228 -5044.574103 -3468.321138 0.1709 -0.0185 

Canberra TIDB 50103S017 -4460.996091 2682.557181 -3674.444005 0.0779 -0.0185 

Tromsoe TROM 10302M003 2102.940451 721.569379 5958.192072 2.5510 -0.0185 

Wettzell WETT 14201S020 4075.578683 931.852634 4801.569980 0.0779 -0.0185 

Yarragad. YAR1 50107M004 -2389.025331 5043.316830 -3078.530926 0.1509 -0.0185 

Yellowkn. YELL 40127M003 -1224.452369 -2689.216048 5633.638286 0.1949 -0.0185 

Unconstrained Stations 

A. Head ALBH 40129M003 -2341.332759 -3539.049484 4745.791405 0.2079 -0.0185 

Holberg none none -2503.040302 -3188.233327 4908.701573 0.1979 -0.0185 

Kokee Pk. KOKB 40424M004 -5543.838080 -2054.587522 2387.809570 0.1709 -0.0185 

Pamatai PAMA none -5245.195148 -3080.472201 -1912.825643 8.4979 -0.0185 

Penticton DRAO 40105M002 -2059.164587 -3621.108390 4814.432423 0.1959 -0.0185 

Prince AI. -1050.708041 -3680.985753 5085.127839 0.0779 -0.0185 

Calgary (Priddis) -1659.60276 -3676.725778 4925.493699 0.1889 -0.0185 

St. Johns STJO 40101M001 2612.631359 -3426.807033 4686.757736 0.2399 -0.0185 
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r i n g , U n i v . of N e w B r u n s w i c k , F r e d e r i c t o n , N . B . 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the set of Station c o o r d i n a t e s 
S S C ( E M R ) 9 3 P 0 1 

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

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

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

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

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

6 - P e r m a n e n t T i d e c o r r e c t i o n : 

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

8 - Ve loc i ty of l ight : 

9 - G M : 

g r a v i t y m o d e l : 

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

G P S 

G e o d e t i c S u r v e y D i v i s i o n (GSD) , S M R S S , E M R 

E M R 9 3 P 01 

G I P S Y / O A S I S II ( U N I X ) 

LE 

n o n e 

n o n e , Single e p o c h 

299792458 m / s 

389600.4414 k m 3 / s 5 

G E M T 3 ( 8,8) +C21+S21 

1992.79 

11 - A d j u s t e d p a r a m e t e r s : 
- u n d i f f e r e n c e d p h a s e a n d s m o o t h e d p s e u d o r a n g e d a t a > 15 d e g r e e s @ 5 m i n 
- Single d a y (24h) a r e w i t h 6 IC a n d 3 r a d . p a r a m e t e r s p e r sa te l l i t e ( u p t o 21sat .) 
- t r o p . z e n i t h d e l a y corr . p a r a m e t e r a u g m e n t e d w i t h r a n d o m w a l k s toch . p r o c e s s 
- in i t ia l p h a s e a m b i g u i t y p a r a m e t e r s (1 for e a c h s a t e l l i t e / S t a t i o n p a s s o r in i t ia l 

p h a s e ) 
- S ta t ion p o s i t i o n s X,Y,Z, u p to 19 s t a t i o n s . A L G O , FAIR, G O L D , H A R T , T R O M , 

W E T T , YELL, M A D R , M C M U , S A N T , T I D B a n d YAR1 a r e c o n s t r a i n e d 

- x, y p o l e p o s i t i o n , o n c e a d a y ( D U T 1 f i x e d / s o l v e d ; D U T 1 , x, y a p r i o r i s i g m a = 3 m ) 
- S ta t ion c lock b i a s e s o n c e p e r e a c h e p o c h / s t a t i o n ( excep t for A L G O h . m a s e r 

w h i c h p r o v i d e s t h e t i m e re fe rence ) w i t h s i g m a 1 s 

- s a t e l l i t e c lock b i a s e s o n c e p e r e a c h e p o c h / s a t e l l i t e w i t h 1 m s o r 0 .1ms s i g m a . 

12 - O r i g i n : 

13 - O r i e n t a t i o n : 

N o m i n a l l y I T R F 9 1 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : n o n e 
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Distr ibut ion of the uncertainties (quadratic m e a n of a x , c y , Gz) for the 20 
s tat ions of the terrestrial frame SSC(EMR) 93 P Ol. 
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EOP(EMR) 93 P Ol From Jul 1992 to D e c 1992 

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

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

1992 113 0.22 113 0.19 77 2.10 
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D A I L Y E A R T H O R I E N T A T I O N P A R A M E T E R S A N D G R O U N D S T A T I O N 
POSITIONS FROM R O U T I N E I G S 9 2 - C A M P A I G N PROCESSING EOP(ESOC) 92 P 02 

S S C ( E S O C ) 9 3 P 0 1 

J.M. D o w , T.J. Mart in-Mur (1), J. F e l t e n s (2), C. G a r c i a - M a r t i n e z (1) 
E S A / E u r o p e a n S p a c e Operat ions C e n t r e , Rober t -Bosch-St r . 5, 
D-6100 Darmstadt , G e r m a n y 
(1) G M V at ESOC; (2) m b p at E S O C 

T h e GPS g r o u p at ESOC h a s b e e n p a r t i c i p a t i n g in the IGS Service from June 21 
1992. W e a r e u s i n g d o u b l e - d i f f e r e n c e d p h a s e o b s e r v a b l e s to e s t i m a t e t h e IGS p r o d u c t s 
( E O P ' s a n d p r e c i s e o rb i t s ) a n d to o b t a i n t h e O b s e r v a t i o n e q u a t i o n s for o t h e r g e o d e t i c 
p a r a m e t e r s . Fo r th i s p r o c e s s i n g w e u s e B A H N , the S t a n d a r d E S O C orb i t d e t e r m i n a t i o n 
a n d g e o d e t i c p a r a m e t e r e s t i m a t i o n p r o g r a m , a l s o u s e d for o t h e r p r e c i s e o r b i t 
d e t e r m i n a t i o n s ( L a g e o s , ERS-1). W e a l s o h a v e a p r o g r a m for m u l t i a r c p r o c e s s i n g t h a t 
u s e s t h e O b s e r v a t i o n e q u a t i o n s g e n e r a t e d b y B A H N to p r o d u c e e s t i m a t e s of g e o d e t i c 
p a r a m e t e r s . 

Descr ip t ion of the EOP-so lut ion EOP(ESOC) 92 P 02 

G P S d a t a a c q u i r e d s ince t h e b e g i n n i n g of t h e IGS'92 c a m p a i g n at 21 J u n e 1992 
h a v e b e e n a n a l y z e d t o o b t a i n o r b i t s , e a r t h o r i e n t a t i o n p a r a m e t e r s a n d p o s i t i o n s of 
p a r t i c i p a t i n g g r o u n d s t a t i o n s . T h e i n c o m i n g I G S d a t a is e v a l u a t e d o n a d a i l y b a s i s , 
E O P s a r e d e t e r m i n e d for 2 4 - h o u r - i n t e r v a l s . T h e in i t i a l v a l u e s a r e t a k e n f r o m IERS 
Bul le t in A . For t h e p e r i o d of 21 J u n e 1992 to 14 N o v e m b e r 1992, U T l h a s b e e n fixed to 
t h e IERS Bu l l e t i n A v a l u e s . S ince 15 N o v e m b e r , t h e r a t e of c h a n g e of t h e d i f f e r ence 
b e t w e e n U T l a n d T A I h a s b e e n i n c l u d e d as a d d i t i o n a l u n k n o w n E O P p a r a m e t e r i n t o 
t h e e s t i m a t i o n p r o c e s s . 

T h e t e r r e s t r i a l r e f e r e n c e f r a m e is d e f i n e d b y f ixing a set of 11 g r o u n d s t a t i o n s , 
w h o s e c o o r d i n a t e s a r e p r o v i d e d in t h e ITRF91 (IERS T e r r e s t r i a l R e f e r e n c e F r a m e , 
IERS Tech. Note 13) a n d a r e r e f e r r e d t o e p o c h 1992.5. T h e s e c o o r d i n a t e s h a v e b e e n 
p r o v i d e d in " IGS s i t e I n f o r m a t i o n a n d c o o r d i n a t e s " , ( B o u c h e r a n d A l t a m i m i , I G S 
M a i l 33). T h e s e c o o r d i n a t e s h a v e b e e n u p d a t e d a n d d i s t r i b u t e d s e v e r a l t i m e s a n d in 
t h e m e a n t i m e t h e c o o r d i n a t e s of IGS M a i l 90 a r e u s e d (for a d e t a i l e d h i s t o r y s e e 
T a b l e 2). T h e n a m e s of t h e 11 f ixed s t a t i ons a r e l i s ted in t he u n d e r p o i n t 11 . 

N N R - N U V E L 1 p l a t e m o t i o n h a s b e e n u s e d for t h e S t a t i o n v e l o c i t i e s , a s 
r e c o m m e n d e d b y IERS S t a n d a r d s . N o o c e a n l o a d i n g h a s b e e n a p p l i e d to t h e g r o u n d 
s t a t i o n s a n d n o r e l a t i v i t y c o r r e c t i o n s to p r o p a g a t i o n o r / a n d a c c e l e r a t i o n h a v e b e e n 
c a l c u l a t e d (see p o i n t 15 in t h e s u m m a r y ) . 

T h e celes t ia l f r a m e is d e f i n e d b y S t a n d a r d J2000.0, a n d celest ia l p o l e offsets from 
IERS Bul le t in A a r e i n c l u d e d . 

IERS(1993)Technical Note No 14. 
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For a de ta i l ed d e s c i p t i o n of t h e m o d e i s u s e d a t t h e b e g i n n i n g of t h e E S O C - I G S 
e v a l u a t i o n s at 21 June 1992 a n d t h e h i s t o r y of c h a n g e s s i n c e t h e n u n t i l t o d a y , s ee 
Tables 1 a n d 2. R e s u l t s w e r e o b t a i n e d for all d a y s , i n c l u d i n g t h o s e w h e n a n t i - s p o o f i n g 
w a s appl ied . 

Table 1. M o d e l s a n d c o n s t a n t s u s e d 

T h e rout ine of I G S e v a l u a t i o n s s t a r t e d a t 21 J u n e 1992 ( IGS M a i l 51) 

- Ve loc i ty of L igh t : c = 299792.458 k m / s 

- Earth G r a v i t a t i o n a l C o n s t a n t : G M = 398600.4415 k m 3 / s 2 

- M e a n E q u a t o r i a l E a r t h R a d i u s : A e = 6378.137 k m 
- Sol id E a r t h T i d a l L o v e n u m b e r . : h = 0.6090 
- Sol id E a r t h T i d a l S h i d a n u m b e r . : 1 = 0.0852 

G P S d a t a h a n d e l l i n g 
- G P S d o u b l e - d i f f e r e n c e d p h a s e s , i o n o s p h e r e - f r e e c o m b i n a t i o n , s a m p l i n g r a t e 6 

m i n , 10 d e g r e e s e l e v a t i o n cutoff; IGS d a t a e v a l u a t i o n o n a d a i l y b a s i s , i.e. 
2 4 - h o u r - a r c s 

Sa te l l i t e fo rce m o d e l 
- G e o p o t e n t i a l , G E M - T 3 (n = 8, m = 8 p l u s C 2 1 = -0.17 10~9 a n d S21 = 1.19 10~9) 
- So la r T h i r d B o d y A t t r a c t i o n 

- L u n a r T h i r d B o d y A t t r a c t i o n 
- So l id T i d e s , k 2 = 0.300, p h i = 0, W a h r f r e q u e n c y d e p e n d e n t c o r r e c t i o n s 
- O c e a n T i d e s , S c h w i d e r s k i ; n = 6, m = 2 , 1 1 t ida l c o n s t i t u e n t s 
- N o n - G r a v i t a t i o n a l : So la r P r e s s u r e + T h e r m a l E m i s s i o n : F l iege l et al (1992), 

m o d e i s T10 for B L O C K I a n d T20 for B L O C K H / I I - A 
Y-bias acce l e r a t i on 

- All a c t i v e G P S sa te l l i t e s a r e i n c l u d e d 

G r o u n d s t a t i o n s 

- C o o r d i n a t e s r e f e r r ed to ITRF91 a t e p o c h 1992.5 (IGS M a i l 33) 
- S ta t ion v e l o c i t i e s a r e m o d e l l e d w i t h N N R - N U V E L 1 m o d e l 

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 
- IERS Bul l e t in A , U T l h e l d f ixed 

O t h e r p a r a m e t e r s 
- a t m o s p h e r i c m o d e l l i n g a c c o r d i n g to W i l l m a n n M o d e l 
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T a b l e 2. H i s tory of c h a n g e s s ince b e g i n n i n g of t h e IGS e v a l u a t i o n s a t 21 J u n e 1992 
(on ly v a l i d for E O P Solut ion EOP(ESOC) 92 P 02 ) 

9 A u g u s t 1992 (IGS M a i l 78): A n u p d a t e d se t of ITRF91 g r o u n d Sta t ion c o o r d i n a t e s h a s 
b e e n a d o p t e d f rom IGS M a i l 65 . T h e e p o c h r e m a i n s at 1992.5. 

18 A u g u s t 1992 ( IGS M a i l 108): D a t a e v a l u a t i o n in 3 0 - h o u r - a r c s i.e. t h e a r c s Star t 3 
h o u r s b e f o r e - a n d e n d 3 h o u r s af ter t h e cen t r a l d a y . So o v e r l a p s of 6 h o u r s b e t w e e n 
s u c c e s s i v e d a y s a r e o b t a i n e d . 

3 S e p t e m b e r 1992 ( IGS M a i l 93): A n u p d a t e d set of ITRF91 g r o u n d Stat ion c o o r d i n a t e s 
h a s b e e n a d o p t e d f r o m IGS M a i l 90. T h e e p o c h r e m a i n s at 1992.5. 

Sate l l i te 

20 S e p t e m b e r 1992 ( IGS M a i l 114): A p r i o r i c o n s t r a i n t s a r e g i v e n to t h e e s t i m a t e d 
p a r a m e t e r s : 

± 100 m 
± l O c m / s e c 
± 5 % d e v i a t i o n f rom v a l u e 1 
± 0.2 10-5 ( N e w t o n ) 
± 5 m a s 
± 5 m a s 
± 20 c m 
± 20 c m 

p o s i t i o n 
ve loc i ty 

ROCK4(2) sca l ing factor 
Y-bias 

- E O P s x p 

y p 
- S t a t i on p o s i t i o n 

a t m . z e n i t h d e l a y 

11 O c t o b e r 1992 (IGS M a i l 123): 

15 N o v e m b e r 1992 (IGS R e p o r t 27): 

E l e v a t i o n cutoff h a s b e e n c h a n g e d f r o m 10 
d e g r e e s to 20 d e g r e e s . 

T h e d a t a e v a l u a t i o n s p a n w a s se t b a c k to 24-
h o u r . A s a d d i t i o n a l u n k n o w n , w e s t a r t e d to 
e v a l u a t e r a t e of c h a n g e of t h e d i f f e r e n c e 
b e t w e e n U T l a n d TAI . T h e a p r io r i c o n s t r a i n t 
for th i s p a r a m e t e r w a s set to 0.5 m s / d a y . 

D e s c r i p t i o n of the Station coordinate Solut ion SSC(ESOC) 93 P 01 

A t o t a l of 33 d a y s h a v e b e e n u s e d to p r o d u c e a m u l t i a r c So lu t i on for t h e S ta t ion 
c o o r d i n a t e s . T h e s e d a y s s p a n t h e E p o c h ' 9 2 p e r i o d a n d a n o t h e r 23 a d d i t i o n a l d a y s in 
N o v e m b e r a n d D e c e m b e r of 1992. O n l y n o n an t i - spoo f ing d a y s h a v e b e e n u s e d for th i s 
S o l u t i o n . 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem at tached to the S o l u t i o n 
EOP (ESOC) 92 P 02 

1 - T e c h n i q u e : G P S 

2 - A n a l y s i s C e n t e r : E S A / E u r o p e a n S p a c e O p e r a t i o n s C e n t r e 

(ESOC) 
3 - S o l u t i o n iden t i f i e r : EOP(ESOC) 92 P 02 
4 - S o f t w a r e u s e d : G P S O B S / B A H N - V e r s i o n 5 
5 - Re l a t i v i t y Scale : Loca l E a r t h 
6 - P e r m a n e n t t ida l c o r r e c t i o n o n Stat ion: T o b e a d d e d to l i s t ed c o o r d i n a t e s 
7 - T e c t o n i c p l a t e m o d e l : N N R - N U V E L 1 p l a t e m o t i o n m o d e l 
8 - Ve loc i ty of l igh t ( c ) : 299792.458 k m / s 
9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M ) : 398600.4415 k m 3 / s 2 

10 - R e f e r e n c e e p o c h : 48960.5 ( m e a n b e t w e e n 3 S e p 1992 a n d 6 M a r 1993) 
11 - A d j u s t e d p a r a m e t e r s : O n d a i l y b a s i s ( 2 4 - h o u r a r e ) , fo r t h e a p r i o r i 

c o n s t r a i n t s see a b o v e . 
Sate l l i te p a r a m e t e r s p e r S p a c e c r a f t 

- o n e o r b i t a l State X, Y, Z , X, Y, Z a t Start e p o c h 
- o n e s c a l i n g factor for so l a r p r e s s u r e T10 o r T20 m o d e l 
- o n e Y-b ias a c c e l e r a t i o n 

S t a t i on r e l a t e d p a r a m e t e r s p e r g r o u n d Stat ion: 
- g r o u n d Sta t ion p o s i t i o n s (if n o t m e m b e r of t h e f ixed s t a t i o n s ) 
- e v e r y 3 h o u r s a n a t m o s p h e r i c z e n i t h d e l a y p a r a m e t e r ( W i l l m a n n M o d e l ) 
- D o u b l e - d i f f e r e n c e p h a s e a m b i g u i t i e s as r e a l - v a l u e d p a r a m e t e r s 

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 (EOPs) : 
- o n e se t of p o l e c o o r d i n a t e s x p , y p a n d d ( U T l R - T A I ) / d t p e r d a y 

P a r a m e t e r s to b e k e p t f ixed: 

Sate l l i te p a r a m e t e r s p e r Spacecraf t : 
- so l a r p r e s s u r e s ca l i ng factor G X a n d G Z in spacec ra f t b o d y f ixed x- a n d z-axis 

a r e k e p t f ixed w i t h v a l u e 1.0 
S t a t i o n r e l a t e d p a r a m e t e r s p e r g r o u n d Stat ion: 

- g r o u n d S ta t ion p o s i t i o n X,Y,Z of t h e f o l l o w i n g s i t es : A l g o n q u i n , F a i r b a n k s , 
G o l d s t o n e , H a r t e b e e s t h o e k , M a d r i d , M a t e r a , O n s a l a , S a n t i a g o d e C h i l e , 
W e t t z e l l , Y a r a g a d e e a n d Ye l lowkn i f e . 

12 - D e f i n i t i o n of t h e o r i g i n : G e o c e n t r e t h r o u g h g r a v i t y m o d e l (C10 = C l l 

= S 1 1 = 0 ) 
13 - D e f i n i t i o n of t h e o r i e n t a t i o n : b y f ix ing t h e I T R F 9 1 - c o o r d i n a t e s of t h e a b o v e 

g r o u n d s t a t i o n s 
14 - C o n s t r a i n t for t i m e e v o l u t i o n : N N R - N U V E L 1 p l a t e m o t i o n m o d e l 
15 - D e v i a t i o n s f r o m IERS S t a n d a r d s : 

- T h e v e l o c i t i e s of al l g r o u n d s t a t i o n s a r e t a k e n f r o m N N R - N U V E L 1 p l a t e 
m o t i o n m o d e l 

- n o r e l a t i v i t y c o r r e c t i o n s to p r o p a g a t i o n o r / a n d acce l e r a t i on 

- n o S ta t ion o c e a n l o a d i n g 
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EOP(ESOC) 92 P 02 F r o m J u n 1992 to M a r 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; 0.0001s for D 

YEAR X Y D 
Nb Sigma Nb Sigma Nb Sigma 

1992 
1993 

194 
65 

0.28 
0.29 

194 
65 

0.28 
0.28 

47 
65 

0.45 
0.46 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the set of Station c o o r d i n a t e s 
S S C ( E S O C ) 9 3 P 0 1 

1 - T e c h n i q u e : G P S 

2 - A n a l y s i s C e n t e r : E S A / E u r o p e a n S p a c e O p e r a t i o n s C e n t r e 
(ESOC) 

3 - S o l u t i o n iden t i f i e r : SSC(ESOC) 93 P Ol 
4 - S o f t w a r e u s e d : G P S O B S / B A H N - V e r s i o n 5 / M U L T I A R C 
5 - R e l a t i v i t y Scale : Loca l E a r t h 
6 - P e r m a n e n t t ida l c o r r e c t i o n o n Sta t ion : T o b e a d d e d t o l i s t ed c o o r d i n a t e s 

7 - T e c t o n i c p l a t e m o d e l : N N R - N U V E L 1 p l a t e m o t i o n m o d e l 
8 - Ve loc i ty of l igh t ( c ) : 299792.458 k m / s 
9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M o ) : 398600.4415 k m 3 / s 2 

10 - R e f e r e n c e e p o c h : M J D 48805.0 1992.5 
11 - A d j u s t e d p a r a m e t e r s : 

O n d a i l y b a s i s (24 -hour are) : 
Sa te l l i te p a r a m e t e r s p e r Spacecraf t : 

- o n e o r b i t a l State X, Y, Z , X, Y, Z at Start e p o c h 
- o n e s c a l i n g fac tor for so la r p r e s s u r e T10 o r T20 m o d e l 
- o n e Y-bias a c c e l e r a t i o n 

S t a t i o n r e l a t e d p a r a m e t e r s p e r g r o u n d Stat ion: 
- e v e r y 3 h o u r s a n a t m o s p h e r i c z e n i t h d e l a y p a r a m e t e r ( W i l l m a n n M o d e l ) 

- D o u b l e - d i f f e r c e d p h a s e a m b i g u i t i e s as r e a l - v a l u e d p a r a m e t e r s 
F o r t h e w h o l e c a m p a i g n : 

S t a t i o n r e l a t e d p a r a m e t e r s p e r g r o u n d Stat ion: 
- g r o u n d S ta t ion p o s i t i o n s 

P a r a m e t e r s t o b e k e p t f ixed: 
Sa te l l i te p a r a m e t e r s p e r Spacecraf t : 

- so l a r p r e s s u r e s c a l i n g factor G X a n d G Z in spacec ra f t b o d y f ixed x- a n d z -ax is 
a r e k e p t f ixed w i t h v a l u e 1.0 

E O P v a l u e s : 
- f r o m IERS R a p i d Se rv ice . 

12 - D e f i n i t i o n of t h e o r i g i n : G e o c e n t r e t h r o u g h g r a v i t y m o d e l (C10 = C l l 

= S 1 1 = 0 ) 
13 - D e f i n i t i o n of t h e o r i e n t a t i o n : t h e E O P ' s a r e f ixed t o IERS B u l l e t i n A , 12 

s t a t i o n s a r e c o n s t r a i n e d i n l o n g i t u d e a n d 
l a t i t u d e w i t h a p r i o r i u n c e r t a i n t y of 5 c m . 
T h e s e s t a t i o n s a r e : M a d r i d , K o o t w i j k , 
M a t e r a , O n s a l a , M e t s a h o v i , T r o m s o , 
W e t t z e l l , A l g o n q u i n , Y e l l o w k n i f e , A l b e r t 
H e a d , G o l d s t o n e a n d F a i r b a n k s . T h e in i t i a l 
c o o r d i n a t e s u s e d a r e t h o s e f r o m I G S M a i l 90. 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : N N R - N U V E L 1 p l a t e m o t i o n m o d e l 

15 - D e v i a t i o n s f r o m IERS S t a n d a r d s : 
- T h e v e l o c i t i e s of al l g r o u n d s t a t i o n s a r e t a k e n f r o m N N R - N U V E L 1 p l a t e 

m o t i o n m o d e l 
- n o r e l a t i v i t y c o r r e c t i o n s to p r o p a g a t i o n o r / a n d a c c e l e r a t i o n 

- n o S ta t ion o c e a n l o a d i n g 
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D i s t r i b u t i o n of t h e 30 s i t es of t h e t e r res t r i a l f r a m e SSC(ESOC) 93 P Ol. 

4 6 

UNCERTAINTIES (cm) 

8 10 

D i s t r i b u t i o n of t h e u n c e r t a i n t i e s ( q u a d r a t i c m e a n of o X / a y , Oz) for the 33 

s t a t i o n s of t h e t e r r e s t r i a l f r a m e SSC(ESOC) 93 P Ol. 
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E A R T H O R I E N T A T I O N PARAMETERS FROM THE JET P R O P U L S I O N 
L A B O R A T O R Y U S I N G GPS EOP(JPL) 92 P 02 

J.F. Z u m b e r g e , G. Blewitt , D . Jefferson, M. B. Hefl in, and F.H. W e b b 
Jet Propu l s ion Laboratory, California Institute of Techno logy , Pasadena , U S A . 

S ince 1992 June 21 , GPS data from a global ly-distr ibuted ne twork of R o g u e GPS 
receivers h a v e b e e n a n a l y z e d w i t h GIPSY/OASIS-II Software to g i v e da i ly e s t imates of 
a variety of parameters , i n c l u d i n g those related to Earth orientation. 

T h e m e a s u r e m e n t s cons i s t of undi f ferenced dual - frequency (1.2276 a n d 1.5742 
G H z ) carrier p h a s e a n d P-code p s e u d o r a n g e . For both carrier p h a s e and P-code , l inear 
c o m b i n a t i o n s of the i n d i v i d u a l f requenc ies p r o v i d e the i o n o s p h e r e - f r e e p h a s e a n d 
p s e u d o r a n g e . Data no i se v a l u e s for these are taken to be 1 cm and 1 m, respect ive ly . 
Data b e l o w 15 d e g r e e s e l e v a t i o n are not used . The p h a s e data are d e c i m a t e d to 6 
m i n u t e s (5 m i n b e g i n n i n g 1992 Sep 05, and 10 m i n b e g i n n i n g 1993 Feb 04), and the P-
c o d e data are carr ier-smoothed over the s a m e interval. 

Data c o r r e s p o n d i n g to each GPS d a y are ana lyzed in 30-hour batches (24 hours 
prior to 1992 S e p 28) centered o n GPS n o o n . GPS t ime is a constant offset from TAI 
t ime, a n d currently differs from U T C by 8 see. 

E s t i m a t e d p a r a m e t e r s are satel l i te State vec tors , reee iver coord ina te s , z en i th 
w e t t r o p o s p h e r e d e l a y at each reeeiver site, Station a n d satel l i te clock offsets , carrier 
p h a s e a m b i g u i t i e s , a n d earth orientat ion. Dai ly Solut ions contain 800-1200 so lved-for 
parameters . T h e rms post-f i t res idulas for the p h a s e m e a s u r e m e n t s are typical ly a f ew 
m m . T h o s e m e a s u r e m e n t s w i t h m o r e than 5 cm post-fit res idual for phase , or 5 m for 
p s e u d o r a n g e , are cons idered outl iers a n d exe luded . 

T h e W i l l i a m s so l id Earth t ide m o d e l is u s e d . Po l e t ide and ocean l o a d i n g are 
not m o d e l e d . 

T h e Earth's grav i ty field is described b y the GEM-T3 mul t ipo le e x p a n s i o n us ing 
terms u p t h r o u g h d e g r e e a n d order 8. IERS-recommended va lues for C21 and S21 of -
0.17 10-9 a n d 1.19 10~9 are a l so u s e d . The va lu e of G M is taken as 398600.4415 k m 3 / s 2 . 
Beg inn ing w i t h 1992 N o v e m b e r 18 JGMl_8x8 gravity field is used . 

N o m i n a l v a l u e s of the 9 - c o m p o n e n t State vec tor for e a c h G P S sate l l i te [3 
parameters each for pos i t ion , ve loc i ty , and solar radiation pressure (srp)] are from the 
broadcas t e p h e m e r i s (digital Information inc luded in the GPS s ignal w h i c h conta ins 
satell ite a lmanacs w h o s e aecuracies vary from 10 to 1000 m). W e a k a priori constraints 
of 1 k m a n d 10 m m / s for pos i t ion and veloci ty , respect ive ly , are i m p o s e d . The ROCK4 
m o d e l is u s e d for srp. Beg inn ing o n 1992 Sep 06, in add i t ion to the constant c o m p o ­
nents , co lored n o i s e parameters are inc luded for srp, w i t h a 4-hour t ime constant . 

IERS(1993) Technical Note No 14. 
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Table 1 GPS Reee iver Sites U s e d in EOP(JPL) 92 P 02 

A L G O * A l g o n q u i n Park 
A L B H Alber thead 
D R A O Pent icton 
FAIR* Fairbanks 
G O L D G o l d s t o n e 
H A R T * Hartebees thoek 
H A R V Harves t 
HERS H e r s t m o n c e a u x 
JPLM Jet Propu l s ion Lab 
KOKB* K o k e e P a r k 
KOSG Kootwijk 
K O U R K o u r o u 
M A D R * M a d r i d 
M A S P M a s p a l o m a s 
M A T E Matera 
METS M e t s a h o v i 
M C M U M c M u r d o 
N Y A L N y A l e s u n d 
O N S A Onsala 
P A M A Pamatai 
PGC1 Victoria 
PINY P i n y o n F l a t 
R C M 2 R i c h m o n d 
S A N T * Sant iago 
SCRI Scripps 
STJO St. Johns 
TAIS T a i w a n 
TIDB Canberra 
TROM* T r o m s o 
U S U D U s u d a 
WETB Wettze l l 
YAR1* Yaragadee 
YELL Yel lowkni fe 

C a n a d a (Ontario) 
C a n a d a (British C o l u m b i a ) 
C a n a d a (British C o l u m b i a ) 
U.S. (Alaska) 
U.S. (California) 
S o u t h Africa 
U.S. (California) 
U.K. 
U.S. (California) 
U.S. (Hawai i ) 
N e t h e r l a n d s 
French G u i a n a 
S p a i n 
Canary Is lands 
Italy 
F i n l a n d 
Antarct ica 
N o r w a y 
S w e d e n 
Tah i t i 
C a n a d a (British C o l u m b i a ) 
U.S. (California) 
U.S. (Florida) 
C h i l e 
U.S. (California) 
C a n a d a ( N e w f o u n d l a n d ) 
T a i w a n 
A u s t r a l i a 
N o r w a y 
Japan 
G e r m a n y 
A u s t r a l i a 
C a n a d a ( N W Territories) 

*Indicates f iducial s ite. 

Table 1 conta ins a list of s ites u s e d in 1992. Reee iver locat ions are m o d e l e d as 
cons tant o v e r each ana lys i s day . Locat ions of f iducial s i tes (ALGO, FAIR, M A D R o n l y 
t h r o u g h 1992 Jul 18, a d d H A R T , KOKB, S A N T , TROM, a n d YAR1 for 1992 Jun 05 , 08, 
11 , a n d from 1992 Jun 19 o n w a r d s ) w e r e a s s u m e d k n o w n . Prior to 1992 Jul 19, the 
e p o c h u s e d w a s 1992 Jul 01 . From Jul 19 through N o v 18, the e p o c h w a s 1992 A u g 01. 
From N o v 18 t h r o u g h N o v 30 , the e p o c h w a s N o v 01 . C h a n g e s in a s s u m e d locat ions 
of f iducial s i tes are b a s e d o n correct ions a n d / o r Updates to s i te-t ie Information as we l l 
a s p l a t e m o t i o n a s d e s c r i b e d b y B o u c h e r & A l t a m i m i in I n t e r n a t i o n a l G P S 
G e o d y n a m i c s Service mai l m e s s a g e #90 . B e g i n n i n g o n 1992 D e c 01, w e u p d a t e fiducial 
l oca t ions at t h e b e g i n n i n g of e a c h m o n t h . 
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Non- f iduc ia l s ites are s o l v e d for as constant parameters for each analys i s day . 

T h e w e t t roposphere zen i th d e l a y s at each site are m o d e l e d as a r a n d o m w a l k 
in t ime w i t h a 1 c m 2 / h o u r var iance der ivat ive , and are m a p p e d to satel l i te e l e v a t i o n s 
u s i n g the Lanyi m a p p i n g funct ion. Their nomina l va lues are 0.1 m at e v e r y site and 
are e s t imated w i t h 500 -m a priori constraints . 

T h e zen i th dry de lays are a s s u m e d fixed for every site, and are a l so m a p p e d to 
sate l l i te e l e v a t i o n s u s i n g the Lanyi m a p p i n g funct ion. Prior to 1992 N o v 18, the 
z e n i t h dry d e l a y w a s a s s u m e d to be 2 m at every site. Beg inn ing w i t h 1992 N o v 18, 
this w a s c h a n g e d to 2.3 m x e x p ( - H / H o ) , w h e r e H is the h e i g h t of the s i te a n d 
H o = 8621 m. Because the w e t a n d dry d e l a y s are nearly degenera te parameters , the 
e s t i m a t e d w e t d e l a y in fact represents the c o m b i n e d de lay w h i c h d e v i a t e s from the 
n o m i n a l w e t + d r y . 

C l o c k s for all but o n e Station a n d satel l i te are e s t i m a t e d as a w h i t e - n o i s e 
process w i t h Updates at each n e w t ime datum. O n e maser -based clock is c h o s e n as a 
reference. Prior to 1993 Jan 06, this w a s the clock at FAIR. Beginning 1993 Jan 06 and 
later, the re ference c lock s i te w a s c h a n g e d to A L G O . T h e s e c locks are g e n e r a l l y 
be l i eved accurate to better than 1 jisec. 

The carrier p h a s e ambigui t i e s are es t imated as real -valued parameters . 

N o m i n a l v a l u e s for X and Y polar m o t i o n and UT1R-UTC, as we l l as the rates 
for t h e s e quant i t i e s , are o b t a i n e d for each ana lys i s day from the IERS Bul let in B 
p r e d i c t e d v a l u e s . Es t imates of polar m o t i o n are w e a k l y (5-m) cons tra ined , w h i l e 
U T 1 R - U T C is t ight ly constra ined (0.01 m m ) to b e the nominal . 

T h e X- a n d Y- p o l e biases w i t h respect to IERS Bulletin B Final change abruptly 
o n Jul 19 w h e n w e b e g a n u s i n g 8 f iducials . W e h a v e therefore adjusted the es t imates 
prior to a n d inc lud ing 1992 Jul 18 b y -0.000095" for X and -0.001643" for Y to account for 
this s tep. 

Prior to a n d i n c l u d i n g A u g 29, the d e v i a t i o n from n o m i n a l of polar m o t i o n 
w a s m o d e l e d as p i e c e w i s e constant , w i t h n e w es t imates e v e r y U T C day. So that w e 
w o u l d b e l e s s s e n s i t i v e to errors in the a priori rates , w e e s t i m a t e d rate t erms 
b e g i n n i n g 1992 A u g 30. 

T h e U T 1 R - U T C v a l u e s u s e G P S - m e a s u r e d LODR (our first series) . L O D R is 
i n t e g r a t e d to f o r m U T 1 R - U T C v a l u e s . The ser ies w a s in i t i a l i zed w i t h the IERS 
Bullet in B v a l u e o n 1992 Jun 01. The series is very w e a k l y forward filtered u s i n g an 
IERS Bullet in B v a l u e e v e r y 60 days . This w a s unnecessary for this Submiss ion , but the 
intent is to p r o d u c e a c o n t i n u o u s t ime-series w h i c h wil l not , in principle , ever d i v e r g e 
from the IERS series m o r e than a f e w mi l l i seconds (worst case). The forward running 
filter has an e x p o n e n t i a l r e s p o n s e w i t h a 60-day t ime constant . This w e a k fi ltering 
c h a n g e s L O D R by an ins igni f icant a m o u n t o n any g i v e n day . W e in tend to u s e this 
filter for rout ine proces s ing , starting w i t h the last po int of this s u b m i t t e d ser ies , and 
submi t w e e k l y reports o n UT1R. For mis s ing days , LODR w a s interpolated before Inte­
grat ion. T h e s e d a y s h a v e an error of 0.99999s a s s igned to the UT1R va lue . Errors for 
d a y s for w h i c h w e h a v e a true LODR Solution actually refer to LODR, and not UT1R. 
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1992 S e p 14 , S e p 2 1 , O c t 05 , a n d O c t 19 w e r e d e l e t e d b e c a u s e t h e s e w e r e 
M o n d a y s d u r i n g w h i c h A n t i - S p o o f i n g ( e n c r y p t i o n of P - c o d e ) w a s i m p l e m e n t e d for t h e 
first ten h o u r s of the d a y , a n d t h e f o r m a l e r r o r s for t h e d a i l y e s t i m a t e s are s e v e r a l 
t i m e s larger than u s u a l . 

T h e v a l u e s for 1992 Jul 26 t h r o u g h 1992 A u g 8 r e s u l t f r o m o u r r e - p r o c e s s i n g of 
t h e IGS E p o c h '92 p e r i o d , a n d reflect t h e c u r r e n t , m o r e - s o p h i s t i c a t e d a n a l y s i s s t r a t e g y . 

S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the So lu t ion EOP(JPL) 92 P 02 

1- T e c h n i q u e : G P S 

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

3 - S o l u t i o n iden t i f i e r : EOP(JPL) 92 P 02 

4 - So f twa re u s e d : G I P S Y / O A S I S - I I 

5- Re la t iv i ty sca le : Local E a r t h 

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

7- Tec ton ic P l a t e M o d e l : 

8- Veloc i ty of l i g h t : 

9 - G M : 

10- Re fe rence e p o c h 

1 1 - A d j u s t e d p a r a m e t e r s : 
(all r e se t e v e r y U T C m i d n i g h t ) 

N o m o d e l a s s u m e d . S t a t i o n c o o r d i n a t e s 
u p d a t e d a t d i s c r e t e r e f e r e n c e e p o c h s g i v e n 
b e l o w u s i n g I T R F 9 1 v e l o c i t i e s g i v e n b y 
SSC(IERS) 92 C 04. 

299792458 m / s 

3.986004415 1 0 1 4 m 3 / s 2 

1992 Ju l 0 1 , A u g 0 1 , N o v 0 1 , a n d D e c 01 
for f ixed s i te p o s i t i o n s . 

S ta t ion X, Y, Z , e x c e p t for f iduc ia l s ( A L G O 
F A I R H A R T K O K B M A D R T R O M S A N T 

Y A R 1 ) . 
D a i l y p o l e X, Y a t n o o n . Da i ly X a n d Y r a t e s . 
Da i ly U T 1 R - U T C r a t e ( L O D R ) . 
G P S e p o c h s t a t e s r e s e t da i ly : X, Y, Z , Vx, Vy, 
V z a s c o n s t a n t ; s o l a r r a d i a t i o n p r e s s u r e G x , 
G y , G z e s t i m a t e d a s c o n s t a n t p l u s c o l o r e d 
p r o c e s s n o i s e w i t h 4 - h r c o r r e l a t i o n t i m e . G x 
a n d G z b i a s e s a r e l u m p e d (100% c o r r e l a t e d ) , 
b u t p r o c e s s n o i s e n o t l u m p e d . 
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Z e n i t h t r o p o s p h e r e b i a s e s a s r a n d o m w a l k 
p r o c e s s n o i s e of 1 c m p e r sqr . root hour. 
S t a t i o n a n d sa t e l l i t e c locks a s w h i t e proces s 
n o i s e (one s i te c h o s e n as re fe rence) 
C a r r i e r p h a s e a m b i g u i t i e s a s r e a l v a l u e d 
(not b ias-f ixed) 

12- Def in i t ion of o r ig in : 

13- Def in i t ion of o r i e n t a t i o n : 

ITRF91 (8 Sites h e l d f ixed) 

ITRF91 (8 s i tes h e l d fixed) 

14- C o n s t r a i n t for t i m e e v o l u t i o n : F i x e d c o o r d i n a t e s r e s e t a t r e f e r e n c e e p o c h s 
g i v e n a b o v e a c c o r d i n g to SSC(IERS) 92 C 04 
(IGS ma i l m e s s a g e #90). 

EOP(JPL) 9 2 P 0 2 F r o m J u n 1992 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; 0.0001s for U T l 

YEAR 
Nb Sigma Nb Sigma 

UTl 
Nb Sigma 

1992 
1993 

176 0.17 
30 0.14 

176 0.18 
30 0.16 

164 0.60 
30 0.50 
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G E O C E N T R I C SITE C O O R D I N A T E S FROM T H E JET P R O P U L S I O N L A B O R A T O R Y 
U S I N G GPS SSC(JPL) 93 P Ol 

G. Blewi t t , M. B. Hef l in , Y .Vigue , F .H. W e b b , J.F. Z u m b e r g e , a n d D. Jefferson 
Jet P r o p u l s i o n L a b o r a t o r y , Ca l i f o rn i a I n s t i t u t e of T e c h n o l o g y , P a s a d e n a , U S A . 

G P S d a t a s p a n n i n g 1992 J u n e Ol to 1993 F e b 17 f rom a g l o b a l l y - d i s t r i b u t e d 
n e t w o r k of R o g u e r e c e i v e r s h a v e b e e n s p e c i a l l y a n a l y z e d w i t h G I P S Y / O A S I S - I I 
So f tware i n o r d e r to e s t i m a t e g e o c e n t r i c s i t e c o o r d i n a t e s . SSC(JPL) 93 P Ol is a m o r e 
r e f i ned , seif c o n s i s t e n t a n a l y s i s t h a n t h e E a r t h o r i e n t a t i o n Solu t ion , EOP(JPL) 92 P 02, 
w h i c h w a s p r o d u c e d as p a r t of a r a p i d Service. U n l i k e t h e f iducial a p p r o a c h t h a t w a s 
t a k e n for EOP(JPL) 92 P 02, all Sta t ion c o o r d i n a t e s w e r e free to ad jus t in SSC(JPL) 93 P 
0 1 . In a d d i t i o n , n o t e t h a t SSC(JPL) 93 P 01 i n c l u d e s a r e a n a l y s i s of ea r l i e r d a t a in o r d e r 
to a p p l y i m p r o v e d e s t i m a t i o n s t r a t e g i e s d e v e l o p e d la te r in t h e yea r . T h e r e a n a l y s i s is 
st i l l in p r o g r e s s , h e n c e th i s So lu t ion c o n t a i n s a d a t a g a p f rom 1992 S e p t e m b e r 01 to 
1993 J a n u a r y 0 1 , w h i c h wi l l b e filled in f u t u r e s u b m i s s i o n s . 

D e t a i l s of t h e m o d e i s a r e g i v e n in t h e d e s c r i p t i o n of EOP(JPL) 92 P 02. D a t a 
f r o m 1992 J u n e 01 to 1992 A u g 30 w e r e r e a n a l y z e d , a v e r y i m p o r t a n t c h a n g e b e i n g t h e 
i n t r o d u c t i o n of s t o c h a s t i c so l a r r a d i a t i o n p a r a m e t e r s to a b s o r b s y s t e m a t i c force m o d e l 
e r r o r s o n t h e G P S sa t e l l i t e s . W h i l e d e g r a d i n g t h e c o m p u t e d u n c e r t a i n t y in l o c a t i n g 
t h e g e o c e n t e r , t h i s s t r a t e g y e f f ec t ive ly r e d u c e s s y s t e m a t i c b i a s in t h e g e o c e n t e r 
l o c a t i o n , l e a v i n g a Stat is t ical e r r o r w h i c h t e n d s to a v e r a g e d o w n in t i m e . O u r s t u d i e s 
s h o w a n e t t r a n s l a t i o n b e t w e e n SSC(JPL) 93 P 01 a n d ITRF91 a t t h e s u b c e n t i m e t e r 
l eve l , i n d i c a t i n g t h e l eve l of a c c u r a c y for l oca t i ng t he g e o c e n t e r . 

T h e o r i e n t a t i o n of SSC(JPL) 93 P 01 w a s f ixed b y a p p l y i n g t h e e s t i m a t e d 
r o t a t i o n a n g l e s i n t o SSC(IERS) 92 C 04. S ince t h e E a r t h o r i e n t a t i o n So lu t ion EOP(JPL) 
92 P 02 u s e d 8 s i tes f ixed to t h e c o o r d i n a t e s in SSC(IERS) 92 C 04, t he p o l e se r i e s o u g h t 
t o b e c o n s i s t e n t w i t h SSC(JPL) 93 P 01 c o o r d i n a t e s . S m a l l i n c o n s i s t e n c i e s m a y b e 
p r e s e n t d u e t o S ta t ion c o o r d i n a t e e r r o r s in ITRF91 for t h o s e s t a t i o n s ( a n d t h e i r loca l 
t ies) h e l d f ixed in EOP(JPL) 92 P 02. A s a n i n d i c a t i o n of t h e level of th i s i n c o n s i s t e n c y , 
t h e R M S d i f f e r e n c e b e t w e e n c o o r d i n a t e s in ITRF91 a n d SSC(JPL) 93 P 01 is 
a p p r o x i m a t e l y 1.4 c m . G i v e n t h a t t h e r e w e r e 8 f iduc ia l s i tes in EOP(JPL) 92 P 02 , w e 
m i g h t t h e r e f o r e e x p e c t t h e o r i e n t a t i o n i n c o n s i s t e n c y to b e a t t h e l eve l of 0.2 m a s . 
A l t h o u g h t h e s a m e E a r t h o r i e n t a t i o n p a r a m e t e r s w e r e a l s o f r ee ly e s t i m a t e d in 
SSC(JPL) 93 P 0 1 , a c u r r e n t Sof tware l im i t a t i on p r e v e n t s u s f rom b a c k s u b s t i t u t i n g t h e 
f inal c o o r d i n a t e So lu t ion to d e r i v e d a i l y p o l a r m o t i o n e s t i m a t e s in t h e s a m e r e f e r e n c e 
f r a m e . T h i s w i l l b e c o r r e c t e d for f u t u r e s u b m i s s i o n s , t h u s e l i m i n a t i n g t h e c u r r e n t 
n e e d for a s e p a r a t e E a r t h o r i e n t a t i o n a n d Stat ion c o o r d i n a t e Solu t ion . 

T i m e e v o l u t i o n is s u c h t h a t s t a t i o n s m o v e w i t h ITRF91 ve loc i t i e s as reported 
i n SSC(IERS) 9 2 C 04 ( IGS m a i l m e s s a g e n u m b e r 90). Fo r s o m e s i t e s in Cal i fornia , 
S t a t i o n c o o r d i n a t e s a r e e s t i m a t e d i n d e p e n d e n t l y for p r e - a n d p o s t - e a r t h q u a k e 
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p o s i t i o n s (1992 J u n e 28 L a n d e r s e a r t h q u a k e ) . T h e r e e e i v e r a t U s u d a , J a p a n , is e s t i m a t e d 
i n d e p e n d e n t l y 3 d i f f e r e n t t i m e s b e c a u s e t h e a n t e n n a w a s m o v e d t w i c e d u r i n g t h i s 
t i m e p e r i o d . M o r e o v e r , i t s s t a r t i n g l o c a t i o n ( U S U 2 ) is d i f f e r e n t t h a n t h e l o c a t i o n 
d u r i n g t h e G I G ' 9 1 e x p e r i m e n t of J a n u a r y - F e b r u a r y 1991 (as in ITRF91) . 

S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the set of Station c o o r d i n a t e s 
S S C ( J P L ) 9 3 P 0 1 

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

2- A n a l y s i s C e n t e r : 
3 - S o l u t i o n iden t i f i e r : 
4 - S o f t w a r e u s e d : 
5- Re la t iv i ty s c a l e : 
6- P e r m a n e n t t i d e c o r r e c t i o n o n Stat ion 
7- Tec ton i c P l a t e M o d e l : 
8- Veloc i ty of l i g h t : 
9 - G M : 
10- Re fe r ence e p o c h : 
1 1 - A d j u s t e d p a r a m e t e r s : 

12- Def in i t ion of o r ig in : 

13 - Def in i t i on of o r i e n t a t i o n : 

14- C o n s t r a i n t for t i m e e v o l u t i o n : 

G P S 
JPL 
SSC(JPL) 93 P 0 l ( jPL ident i f ier : JGC9302J 
G I P S Y / O A S I S - I I 
Loca l E a r t h 
N o 
ITRF91 s i t e ve loc i t i e s . 
299792458 m / s 
3.986004415 1 0 1 4 m 3 / s 2 

1992.5 
A l l S t a t i o n X, Y, Z w i t h l o o s e a p r i o r i 
S t a n d a r d d e v i a t i o n of 10 m ( I T R F 9 1 is 
n o m i n a l ) . 

M u l t i p l e e s t i m a t e s for s i t e s w h i c h m o v e d 
s u d d e n l y e i t h e r d u e t o e a r t h q u a k e s o r 
a n t e n n a r e l o c a t i o n . 
D a i l y p o l e X, Y a t n o o n . 
D a i l y X a n d Y ra t e s . 
D a i l y U T 1 R - U T C r a t e (LODR) . 
G P S e p o c h s t a t e s r e s e t da i ly : 
X, Y, Z , Vx, V y , V z a s c o n s t a n t ; so l a r 
r a d i a t i o n p r e s s u r e G x , G y , G z e s t i m a t e d as 

c o n s t a n t p l u s c o l o r e d p r o c e s s n o i s e w i t h 
4 -h r c o r r e l a t i o n t i m e . G x a n d G z b i a s e s a r e 
l u m p e d ( 1 0 0 % c o r r e l a t e d ) , b u t p r o c e s s 

n o i s e n o t l u m p e d . 
Z e n i t h t r o p o s p h e r e b i a s e s a s r a n d o m w a l k 
p r o c e s s n o i s e of 1 c m / h r 1 / 2 . 
S t a t i o n a n d sa te l l i t e c locks as w h i t e p r o c e s s 
n o i s e ( o n e s i t e c h o s e n as r e fe rence ) 
C a r r i e r p h a s e a m b i g u i t i e s a s r e a l v a l u e d 
(no t b ias - f ixed) 
G e o c e n t e r : C10=C11=S11=0 . 

(All s i tes free t o ad jus t ) . 
A p p l i e d 3 r o t a t i o n a n g l e s t o a l i g n So lu t ion 
w i t h ITRF91 a t t h e r e f e r e n c e e p o c h , u s i n g 
SSC(IERS) 92 C 04 c o o r d i n a t e s for 22 s i tes . 

S t a t i o n s v e l o c i t i e s f i x e d t o a c c o r d i n g t o 
ITRF91 as g i v e n b y SSC(IERS) 92 C 04. 
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Distr ibut ion of the 35 s i t es of t h e te r res t r ia l frame SSC(JPL) 93 P Ol. 
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1991-1993 S IO P O L A R M O T I O N SERIES S IO 93 P Ol 

Y e h u d a Bock, P e n g F a n g , K e i t h S t a r k ; S c r i p p s In s t i t u t i on of O c e a n o g r a p h y . 

D e f i n i t i o n of T e r r e s t r i a l R e f e r e n c e F r a m e : 
( d e s c r i b e d in de t a i l i n I G S M A I L #168) 

O r i g i n : N o m i n a l l y ITRF91 
O r i e n t a t i o n : N o m i n a l l y ITRF91 
R e f e r e n c e e p o c h : 1992.836 
S t a t i o n c o o r d i n a t e s : G i v e n o n IGS ma i l #168 

S t a t i o n Ve loc i t i e s : IERS ITRF91 v a l u e s g i v e n in IGS ma i l #90. 
R e l a t i v i t y Scale : T e r r e s t r i a l 
Ve loc i ty of l ight : 299792458.0 m / s 

P e r m a n e n t t i da l co r r ec t i on : N o n e 

A n a l y s i s S t r a t egy : 

(1) G A M I T w e i g h t e d leas t Squa re s ana ly s i s 

(a) D o u b l e - d i f f e r e n c e p h a s e d a t a 
(b) S ing le d a y o rb i t a rcs , 6 ICs a n d 2 r a d i a t i o n p a r a m e t e r s p e r s a t e l l i t e -pe r -day 
(c) O n e - p e r - d a y - p e r - s t a t i o n z e n i t h t r o p o s p h e r i c p a r a m e t e r , 

(d) Bias p a r a m e t e r s , o n e for e a c h i n d e p e n d e n t d o u b l e d i f fe rence c o m b i n a t i o n . 
(e) Al l p a r a m e t e r s a r e g i v e n l o o s e c o n s t r a i n t s in t h e d a i l y G A M I T a d j u s t m e n t a n d 

t h e a d j u s t e d p a r a m e t e r s a n d c o r r e s p o n d i n g v a r i a n c e - c o v a r i a n c e m a t r i x for Sta­
t i o n a n d o rb i t a l p a r a m e t e r s is r e c o r d e d o n aux i l i a ry file for G L O B K p r o c e s s i n g . 

(2) G L O B K K a i m a n Fi l ter a n a l y s i s 

(a) I n p u t a u x i l i a r y files f rom d a i l y G A M I T Solu t ions . 
(b) S t a t i o n p o s i t i o n s w i t h i 10 m c o n s t r a i n t s a t s t a t i o n s o t h e r t h a n : A L G O , FAIR , 

K O K B , K O S G , M A D R , M A S P , M A T E , M C M U , M E T S , O N S A , P A M A , D R A O , 
T I D B , T R O M , W T Z 1 , Y A R 1 , YELL. For t h e s e s t a t i o n s c o n s t r a i n t s of ± 0.001 m 
for h o r i z o n t a l c o m p o n e n t s , a n d ± 0.005 m for h e i g h t . 

(c) I n f o r w a r d f i l ter e s t i m a t e S ta t ion c o o r d i n a t e s for all s i t e s u s i n g c o n s t r a i n t s 
d e s c r i b e d in (b) , to r ea l i ze r e fe rence f r a m e 

(d) In b a c k filter e s t i m a t e d a i l y o rb i t a l p a r a m e t e r s a n d X a n d Y p o l e p o s i t i o n s t h a t 
a r e c o n s i s t e n t w i t h p o s i t i o n s d e t e r m i n e d in f o r w a r d filter. ( N o e s t i m a t e is m a d e 
of U T 1 - A T s ince t h e s e d e v i a t i o n s a r e a b s o r b e d i n t o t h e o rb i t a l p a r a m e t e r s ) . 

References : D o n g , D . , a n d Bock, Y., 1989: / . Geophys. Res., 94 , 3949-3966. 
H e r r i n g , T A . , D a v i s J.L., a n d S h a p i r o , LI., 1990: / . Geophys. Res., 9 5 , 12561-
12583. 
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Dis tr ibut ion of the 38 sites of the terrestrial frame SSC(SIO) 93 P Ol. 

EOP(SIO) 93 P Ol From A u g 1991 to Jul 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 

YEAR X Y 
Nb Sigma Nb Sigma 

1991 140 0.39 140 0.43 
1992 325 0.19 325 0.20 
1993 205 0.09 205 0.10 


