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ABSTRACT 

The pole coordinate obtained by the Doppler observation of Earth 
s a t e l l i t e shows good resu l t s , but there are some important dif ference 
from those of the astronomical observation, for example, that of the 
IPMS. 

The Doppler observation of the Navy Navigation s a t e l l i t e has proved 
to be precise enough to supersede the astronomical observation in the 
geodynamics. (Anderle, 1965, 1966, 1970, 1971a, 1971b, 1971c, 1974). 
Yumi et a l . (1979) showed that the local terms in the astronomical ob
servation was not found in the Doppler la t i tude obtained at Mizusawa. 
This shows the super ior i ty of the Doppler observation to the astronomi
cal one. 

However, our invest igat ions show: 
a. Pole coordinate obtained with the Doppler observation has a 

large secular var iat ion (about 0-02 per year) with respect to that of 
the IPMS (Report of the IPMS at the IAU Meetings, 1979). 

b. Doppler la t i tudes derived from north and southbound passes of 
a s a t e l l i t e show systematic differences (Kakuta et a l . , 1979). 

c. Doppler la t i tude shows some unexpected deviation from the 
astronomical la t i tude (Takagi, 1974). 

I t w i l l be necessary for us to make detai led theoret ical analysis 
of errors in the Doppler data before we proceed to use the Doppler re
sults in place of the astronomical ones in the studies of geodynamics. 
Lambeck (1971) investigated ef fects of pole motion in the o rb i ta l e le
ments of an Earth s a t e l l i t e . Takagi (1975) summarized theoret ical 
results which should be considered in deriving pole coordinates from 
the results of the Doppler observations of an Earth s a t e l l i t e . O'Tool 
constructed a precise system of reduction of the Doppler s a t e l l i t e obser
vation (O'Tool, 1976). 
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The reduction method of the Doppler observation has been 
developed by several organizations for the geodetic use, (Anderle, 
1974; Beuglass, 1975; Smith et a l . , 1976). The pr inciples of 
these methods are not essent ia l ly d i f fe ren t from each other. The 
pole motion derived from these methods has complicated correlat ions 
wi th errors in the o rb i ta l and instrumental parameters (Anderle, 
1974; O'Tool, 1976). 

The reduction method i s : the data for twenty one TRANET 
stat ions are used to determine eleven parameters to be applied to 
the two day span; two bias parameters in each s a t e l l i t e pass and 
nine parameters. The nine parameters are six constants of integra
t i o n , pole coordinates, one scaling factor for atmospheric drag 
e f f ec t , while two parameters are a scaling factor for tropospheric 
re f ract ion (a scale factor of unity is used as an apr ior i observa
t ion of re f ract ion correction with standard deviation of 0.1) and 
a frequency bias parameter for each pass. 

The perturbations in the s a t e l l i t e o r b i t include the Earth's 
gravi tat ional f i e l d (up to 19 degree and higher order terms, over 
the to ta l number about 400), the so l id Earth t ides (Love's number 
= 0.26), the solar and lunar a t t r ac t i on , atmospheric drag and 
d i rec t solar rad ia t ion. The s a t e l l i t e o rb i t is computed by 
twel f th-order numerical integrat ion of equations of motion. 

The next step is to compute coordinates of stat ions with 
respect to the two bias parameters for each pass. 

The random error in the pole coordinate is estimated as 7.4 
cm and 6.8 cm in x and y respect ively. The standard deviations 
of the individual pole posi t ion wi th respect to the mean posit ion 
for a f ive day in terva l are 66 cm and 50 cm in x and y on the 
average (Anderle, 1976). 

Mean Difference S.D. of Difference 
DMA-BIH DMA-IPMS DMA-BIH DMA-IPMS 

1973 
1974 
1975 

X 

- .3 
- .1 
- .4 

y 
- .9 
-1.1 
-1.1 

X 

- .2 
.0 
.0 

y 
-1.2 
- .9 
- .5 

X 

.6 

.5 

.6 

y 
.8 
.5 
.5 

X 

.5 

.6 

.3 

y 
.6 
.4 
.6 

S.D. of the Doppler Observation at Mizusawa 
(1976.0 - 1977.5) 

Longitude Latitude Height (meter) 

Daily Mean 0'.'015 0'.'018 0Tl47 
5 Days Mean 0.027 0.032 0.288 
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It is certain that we must make further investigations of 
the motion of the Earth satellite to get the true pole motion. 
The precision of the satellite observation is good enough to be 
used in the investigation of geodynamics and the further improve
ments of the theory of motion of the satellite affected by the 
geophysical phenomena, such as, pole motion, will be expected to 
promote the studies in the geodynamics. 

The orbital elements obtained from the satellite observation 
are combined with the reference system which can not be revised 
from the observation itself, for the orbital elements to be 
improved appear in combination with parameters which are to be 
determined simultaneously. Accordingly, parameters, such as, 
precession and nutation, should be determined from another point 
of view. This fact means that the reference system determined 
from Doppler observations should be to be compared with the fixed 
reference system determined from the so-called astronomical ob
servation, such as astrometry and VLBI. 
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