
COMBINING VLSI AND GPS TO PRODUCE A NATIONAL CRUSTAL MOTION NETWORK 
IN THE UNITED STATES 

W. E. Strange and G. L. Mader 
National Geode t i c Survey 
Charting and G e o d e t i c S e r v i c e s 
National Ocean S e r v i c e , NOAA 
R o c k v i l l e , Md. 20852 

ABSTRACT. A National Crustal Motion Network f o r the United S ta tes us ing 
VLBI and GPS t e c h n o l o g i e s i s be ing deve loped . Implementation of both the 
VLBI and GPS components o f the network i s underway. 

The many geophys i ca l requirements f o r c rus t a l mot ion m o n i t o r i n g i n the 
United S ta tes r e s u l t in the need f o r a National C r u s t a l M o t i o n Network 
(NCMN) c o n s i s t i n g o f hundreds o f s t a t i o n s which are reobserved at varying 
i n t e r v a l s over extended time p e r i o d s . D i f f e r e n t i a l s ta t ion posi t ions must 
be determined with an accuracy o f ±_ 1 t o 3 cm. F i x e d and m o b i l e VLBI 
systems have demonstrated t h e i r a b i l i t y to monitor c r u s t a l m o t i o n w i t h 
the requi red accu racy . However, c o s t and l o g i s t i c a l considerations prevent 
the use of mobile VLBI to establish and monitor the l a rge number o f s t a t i o n s 
c o n s t i t u t i n g an NCMN. Comparisons o f d i f f e r e n t i a l p o s i t i o n s o b t a i n e d 
during Global P o s i t i o n i n g System (GPS) r e c e i v e r s with those obtained using 
mobi le VLBI demonstrate that GPS r e s u l t s can provide equivalent accuracies 
o f 1 t o 2 cm over b a s e l i n e s up t o about 500 km in l e n g t h . Because a GPS 
measurement i s about two o rde r s o f magnitude l e s s expens ive than a mobile 
VLBI measurement and l o g i s t i c a l l y much simpler (hand p o r t a b l e equipment 
as compared to two l a rge t r a c t o r - t r a i l e r s f o r mobi le VLBI) , GPS w i l l be 
used f o r e s t a b l i s h i n g and moni tor ing most o f the NCMN. 

The replacement o f mobi le VLBI by GPS f o r measurements over shor te r 
b a s e l i n e s h e r a l d s an e r a where VLBI w i l l p rovide g l o b a l and r e g i o n a l 
frameworks f o r the more d e t a i l e d GPS measurements. The NCMN w i l l use a 
r eg iona l VLBI r e fe rence frame c o n s i s t i n g o f about 30 VLBI s i t e s . The 
remaining s t a t i o n s o f the NCMN w i l l be e s t a b l i s h e d u s i n g GPS g e o d e t i c 
r e c e i v e r s . These r e c e i v e r s w i l l be r e fe renced to the V1BI network through 
permanent c o - l o c a t i o n o f GPS r e c e i v e r s a t abou t 5 f i x e d VLBI s i t e s i n 
North Amer ica t o p r o v i d e GPS s a t e l l i t e o r b i t in fo rmat ion i n the VLBI 
r e f e r e n c e frame and temporary occupa t ion o f f i x e d o r m o b i l e VLBI s i t e s 
with GPS in the immediate v i c i n i t y o f GPS o b s e r v a t i o n campaigns while they 
are being c a r r i e d o u t . 

Implementation o f the NCMN has begun. To the maximum extent possible 
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the es tabl ishment o f the NCMN i s be ing c a r r i e d out as a cooperative e f fo r t 
between NGS and o ther Federal a g e n c i e s , s t a t e , and l o c a l a g e n c i e s , and 
u n i v e r s i t y groups . The f i x e d VLBI s t a t i o n s t o be used i n the r e g i o n a l 
VLBI network w i l l c o n s i s t o f the three e x i s t i n g U.S. s tat ions o f the IRIS 
network, o ther e x i s t i n g s t a t i o n s at Mojave, Owens V a l l e y , and Hat Creek, 
C a l i f o r n i a , Maryland Po in t , Maryland and Green Bank, West V i r g i n i a , and 
the Very Long Base l ine Array (VLBA) s t a t i o n s as t hey a r e i m p l e m e n t e d . 
Mobi le VU3I s i t e s w i l c o n s i s t o f nine s t a t i o n s p r ev ious ly e s t a b l i s h e d as 
part o f the NASA Crustal Dynamics P r o j e c t (CDP) i n C a l i f o r n i a , A r i z o n a , 
Nevada, Utah, and Colorado and stat ions e s t a b l i s h e d by the National G e o d e t i c 
Survey (NGS) in the S ta tes o f Washington, Texas, Oklahoma, G e o r g i a , and 
Indiana during the 1986-87 time per iod s p e c i f i c a l l y to support the NCMN. 
Permanent GPS s t a t i o n s f o r o r b i t determinat ion are currently being operated 
at V1BI stat ions in Massachusetts, Texas, and C a l i f o r n i a as a j o i n t a c t i v i t y 
by NGS, the u n i v e r s i t y o f Texas and the Texas Department o f Highways . 
NGS w i l l b e g i n o p e r a t i o n o f a permanent GPS s t a t i o n a t i t s Richmond, 
F l o r i d a , VLBI s i t e i n August 1987. 

In support o f the NASA CDP, NGS cu r ren t ly ope ra te s i t s m o b i l e VLBI 
s y s t e m s t o m o n i t o r a 15 s t a t i o n ne twork i n C a l i f o r n i a and some f i v e 
a d d i t i o n a l s t a t i o n s i n the western United States. MDbile VLBI measurements 
over the C a l i f o r n i a network have shown that movement across the San Andreas 
and a s s o c i a t e d f a u l t systems i s 3·5 t o 4 .5 cm/yr , l e s s than the estimated 
long term North Amer ican -Pac i f i c p l a t e motion o f 4 .8 t o 5.6 c m / y r . GPS 
measurements over the southern C a l i f o r n i a mobi le VLBI network were carried 
out by NGS in June 1986, and repeated i n January 1987· These measurements 
demonstrated the a b i l i t y o f GPS t o r e p l a c e mobi le VLBI over t h i s network 
prov ided two to three s t a t i o n s cont inue to be monitored wi th mobi le VLBI 
and r ep resen t s the i n i t i a t i o n o f a t r a n s i t i o n from m o b i l e VLBI t o GPS 
m o n i t o r i n g o v e r the next 2 t o 3 y e a r s . In c o n j u n c t i o n w i t h o t h e r 
o r g a n i z a t i o n s a d d i t i o n a l GPS s t a t i o n s were e s t a b l i s h e d to density the NCMN 
i n southern C a l i f o r n i a and extend i t t o the o f f s h o r e i s l a n d s . By the end 
o f 1987 a d d i t i o n a l GPS a c t i v i t i e s t o e x t e n d and d e n s i f y the NCMN w i l l 
i n c l u d e : ( 1 ) a 43 s t a t i o n GPS s t r a i n network reach ing from the e a s t e r n 
s lope o f the Rocky Mountains t o the A t l a n t i c Ocean, ( 2 ) i n t e r c o n n e c t i o n 
o f the Hawaiian I s l ands , ( 3 ) repeated GPS o c c u p a t i o n s o f VLBI s i t e s i n 
Alaska, ( 4 ) d e t a i l e d GPS networks i n the Imperial V a l l e y o f C a l i f o r n i a , 
the Hegben Lake-Yel lowstone area , the Anchorage area, Coastal Maine, the 
S ta te o f Tennessee, southern Arizona and the H o u s t o n - G a l v e s t o n a r e a o f 
Texas, ( 5 ) a 20 to 30 s t a t i o n r e g i o n a l network i n northern Cal i fornia and 
( 6 ) a r eg iona l network i n northwest Washington S t a t e . 
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