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Abstract 

T h e P e r m a n e n t G P S Geode t i c Ar ray ( P G G A ) in southern Ca l i fo rn ia cons is t s of f i ve 
cont inuous ly opera t ing stat ions es tabl ished to moni to r crustal de fo rma t ion in near real 
t ime . T h e nea r real t ime r e q u i r e m e n t has been p r o b l e m a t i c s ince G P S sa te l l i te 
ephemer ides and predicted earth orientat ion values ( IERS Bullet ins A and B) have been 
f o u n d to be ne i the r su f f i c i en t ly t imely nor accura te to ach i eve hor izon ta l pos i t ion 
accuracies of several m m on regional scales. Therefore , we have been es t imat ing precise 
G P S ephemer ides and polar mot ion since Augus t 1991. An examinat ion of over lapping 
24-hour satellite arcs indicates wors t -case orbital errors of approximate ly 0 .2 meters in 
the radial c o m p o n e n t s , 1 mete r in the cross- t rack c o m p o n e n t s and 2 -3 me te r s in the 
along-track components . A compar ison with very long basel ine in terferometry indicates 
an accuracy of less than 1 mas in our determinat ion of 24-hour va lues of pole posi t ion. 
These p roduc ts are suf f ic ien t ly t imely and accura te to ach ieve several m m long- te rm 
horizontal precis ion in regional scale measuremen t s of crustal de fo rma t ion in near real 
t ime , as has been d e m o n s t r a t e d du r ing the 28 June , 1992 L a n d e r s and Big Bea r 
ear thquakes in southern Cal i fornia . The P G G A stations were able to detect seismical ly 
i nduced , sub-cen t ime te r - l eve l m o t i o n s with respect to a terrestr ia l r e f e r e n c e f r a m e 
def ined by the global tracking stations. 

INTRODUCTION 

T h e Permanent G P S Geodet ic Array (PGGA) [Bock and Shimada , 1990; Lindqwis ter 
et al., 1991; Bock , 1991], es tabl ished in southern Cal i forn ia in the spring of 1990, is a 
ne twork of f ive cont inuously operat ing G P S receivers (Fig. 1) providing an uninterrupted 
record of crustal mot ion in near real t ime. At each site there is a prec ise P -code G P S 
receiver with its an tenna mounted on a stable geodet ic m o n u m e n t . W e have deve loped 
an au tomated sys tem to col lect , ana lyze and a rch ive da ta f r o m the P G G A sites. W e 
moni tor data at a 30 second sampling rate to all visible satellites, 24 hours a day, 7 days a 
week . O n c e a day the previous 24 hours of data are automat ical ly col lected f r o m each 
site; standard G P S processing then provides the site position averaged over the day (0-24h 

UTC) . T h e t ime series of these daily posi t ions provides the s tandard record of crustal 
deformat ion . 

T o reduce orbital errors in our station posit ion es t imates , w e es t imate an ephemer i s 
for each G P S satellite, using data collected by a globally distr ibuted network of about 25 
permanent t racking stations (Fig. 1). The global t racking network is usually descr ibed by 
the a c r o n y m s C I G N E T and F L I N N for Coopera t ive In terna t ional G P S N e t w o r k and 
Fiducial Laborator ies for an International Natural science Ne twork [Minster et al., 1992], 
and more recent ly by the International G P S Service (IGS) [Beutler, 1992]. In addi t ion, 
to achieve near real t ime solutions, we compute correct ions to tabulated predict ions of the 
or ienta t ion of the ear th 's rotat ion axis (polar mot ion) which , if unaccoun ted for , could 
bias Cal i fornia station posit ions by several centimeters . The wor ldwide tracking network 
d e f i n e s a g loba l r e f e r e n c e f r a m e in which c o o r d i n a t e s fo r the P G G A s ta t ions , in 
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t ec tonica l ly ac t ive southern Cal i forn ia , can be c o m p u t e d with respec t to rigid p la te 
interiors (e.g., the North Amer ican plate). 

Figure 1: P G G A and global tracking stations used in the Scripps analysis 

ANALYSIS 

The P G G A and global t racking data are analyzed s imul taneously and independent ly 
in twen ty - four hour (0-24h U T C ) segments using the G A M I T G P S sof tware [King and 
Bock, 1992]. The observables used in a weighted least squares ad jus tmen t are doubly-
d i f f e r enced , dua l - f r equency phase measu remen t s . T h e pa ramete r s e s t ima ted inc lude 
station posi t ions , s ingle-day orbital arcs descr ibed by 6 initial condi t ions (posit ion and 
veloci ty) and three solar radiat ion pressure pa ramete r s per satell i te, one -pe r -day-pe r -
s ta t ion zeni th t roposphe r i c pa rame te r s , and phase a m b i g u i t y p a r a m e t e r s f o r each 
independent (but arbitrary) double-d i f ference combinat ion. All parameters are given very 
loose const ra ints in the G A M I T ad jus tment and the var iance-covar iance mat r ix fo r the 
station and orbital parameters is stored in an auxil iary fi le. T h e auxil iary f i les are then 
input to the G L O B K sof tware which uses a Kaiman f i l ter fo rmula t ion [Herr ing et al., 
1991] to es t imate a consis tent set of station posi t ions and veloci t ies , twen ty - fou r hour 
orbi ta l a rcs and t w e n t y - f o u r hour polar mot ion va lues . T h e stat ion pos i t i ons and 
veloci t ies (the re fe rence f r ame) are est imated by forward f i l ter ing the twen ty - four hour 
G A M I T - g e n e r a t e d v a r i a n c e - c o v a r i a n c e mat r ices ; back f i l t e r ing then p r o d u c e s the 
corresponding orbital arcs and polar motion. N o est imate is made of U T 1 - A T since these 
deviat ions are absorbed into the orbital parameters . 

T o assess the precis ion of the twen ty - four hour orbi ta l arcs w e c o m p a r e 12 hour 
over lap per iods between adjacent days. An examinat ion of over lapping 24-hour satellite 
arcs indicates orbital errors of approximately 0.2 meters in the radial components , 1 mete r 
in the cross- t rack c o m p o n e n t s and 2-3 meters in the a long- t rack componen t s . Fig . 2 
shows a long- t rack over l aps fo r 5 Block I (PRN 6 went out of opera t ion dur ing this 
per iod) and 1 Block II (PRN 2) G P S satellites for the 14-month period be tween Augus t 
15, 1991 to October 21, 1992. 
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Figure 2: A long track over laps for adjacent 24 hours orbital arcs. Each arc is 
extrapolated by 12 hours, the corresponding e lements are d i f fe renced , and an rms 
deviation is computed. 

The spikes for PRN 2 during the summer of 1992 correspond to weekends when anti-
spoofing (AS) was turned on. Note that the overlap precision improves in time which 
corresponds to the growth of the global tracking network f rom about 12 stations in 
August 1991 to 25 stations by the start of the IGS campaign in June 1992. W e know that 
the orbital precision indicated by the overlap comparison is pessimistic compared to the 
actual precision of baselines within PGGA with typical lengths of 100-150 km. The 
overlap criterion indicates the precision of orbits extrapolated for a 12 hour period; the 
orbital e lements within each 24 hour arc should be more precise. Note also that the 
overlap precision is computed for each satellite while baseline estimates are generated 
f r o m doub ly d i f f e r e n c i n g phase m e a s u r e m e n t s be tween all v i s ib le sa te l l i tes . 
Nevertheless, it provides a useful lower-bound statistic for assessing the relative quality 
of the orbital arcs and for pointing out satellites with anomalous behavior. 

Our uninterrupted daily determination of pole position is plotted in Fig. 3 for the 
period 14 August, 1991 to 12 November, 1992. In Fig. 4, we plot the difference between 
our pole positions and IERS Bulletin A. Our polar motion estimates have been compared 
with VLBI determined pole positions and indicate an accuracy of less than 1 mas in both 
components [T.A. Herring, D. McCarthy, M. Feissel, personal communication]. 
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Figure 3: GPS Polar Motion 
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Figure 4: Comparison between GPS and IERS Bulletin A (1992) 
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DETECTION OF COSEISMIC DEFORMATION 

T h e Lander s ea r thquake ( M w 7.3, June 28, 1992, 1158 U T C , 34 .20°N, 116.44°W), 
which was closely fo l lowed by the Big Bear ear thquake ( M w 6.2 1507 U T C ) , generated 
sur face slip of up to 6 meters [Landers Ear thquake Response T e a m , 1992; Kanamor i et 
al., 1992]; the associa ted elast ic de format ion a f fec ted all the P G G A sites. T h e P G G A 
sites detected far - f ie ld cose ismic horizontal d i sp lacements ranging be tween 4 to 4 6 m m 
which were de te rmined by analyzing the daily 24-hour P G G A solut ions over a 10 week 
period centered on the day of the ear thquakes [Bock et al., 1992]. The P G G A sites were 
paramete r ized by two sets of coordinates : pre- and pos t -ear thquake. For the day of the 
ea r thquakes , w e compu ted the station pos i t ions separa te ly f r o m the 12 hours of da ta 
direct ly be fore the Landers ear thquake and f r o m the 9 hours of data af ter the Big Bear 
ea r thquake . T h e cose i smic d i sp lacement of each P G G A site w a s de t e rmined by the 
var ia t ion in the pos i t ions be fo re and af ter the ea r thquakes with respect to the global 
terrestrial r e fe rence f r a m e def ined by the posi t ions and veloci t ies of the global t racking 
stations (Fig. 1). 

The site with the largest coseismic d isplacement (46 m m ) is located at the Pinon Flat 
O b s e r v a t o r y (P IN1) , abou t 80 km f r o m the se i smic rup tu re zone . T h e hor izon ta l 
cose i smic d i sp lacement detected at PIN1 with respect to the global r e fe rence f r a m e is 
shown in F igure 5 relat ive to the tracking station at Kokee Park ( K O K R ) , Hawai i , more 
than 4000 k m away The coseismic displacement appears clearly as a step funct ion in the 
t ime series of daily station posit ions. An independent analysis of the P G G A and global 
t racking data by a group at the Jet Propulsion Laboratory yielded very similar coseismic 
d isp lacements [Blewitt et al., 1992]. 

KOKR to PIN1 (Length 4,320.253 km) 

day number, 1992 

Figure 5: Hor izonta l cose ismic d isp lacement observed at Pinon Flat Observa tory with 
respect to the global re ference f rame , shown with respect to the station at K o k e e Park, 
Hawai i . 
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CONCLUSIONS 

W e have deve loped an opera t ional sys tem to p roduce orbital and ear th or ienta t ion 
products for near real t ime moni tor ing of crustal deformat ion in southern Cal ifornia . T h e 
use of these products in moni tor ing the 28 June, 1992 Landers and Big Bear ear thquakes 
by the P G G A indicates that we are able to detect sub-cent imeter geophysical signals with 
respec t to a terrestrial r e f e rence f r a m e def ined by the coord ina tes and veloci t ies of a 
ne twork of global t racking stations. 
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