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ABSTRACT 

The definition and practical realization of the astronomical 
system of terrestrial coordinates are discussed. In particular, 
the separation of secular polar motion and nonpolar drift of 
observatories are touched upon as far as those phenomena are 
crucially intertwined with the realization of a terrestrial 
coordinate system. 

1. INTRODUCTION 

Many different definitions and practical realizations of the 
terrestrial coordinate systems were discussed in the First 
Colloquium "On Reference Coordinate System for Earth Dynamics" 
held in Torun in 1974. To avoid repetition, this paper will be 
limited to a brief summary of the current state of establishing 
the astronomical system of terrestrial coordinates by classical 
techniques. The term "classical techniques" is used to refer to 
optical observations of stars by means of zenith telescopes, 
photographic zenith tubes, etc. The separation of the secular 
polar motion and the nonpolar drift of observatories; and the 
method for maintaining the conventional coordinate system, will 
also be discussed. 

2. ON THE DEFINITION OF THE ASTRONOMICAL SYSTEM OF TERRESTRIAL 
COORDINATES 

All classical techniques measure the orientation of reference 
directions on the Earth, i.e., plumb lines of observatories or 
directions to visible reference marks, with respect to the direc
tions from the observer to stars, assuming the latter are known 
in a nonrotating celestial coordinate system, (X) = (Xi,X2,X3) . 
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Since distances are not measured these techniques enable only the 
directions of the axes of a terrestrial coordinate system to be 
determined. 

For geometrical representation of the results by classical 
techniques one takes the auxiliary unit sphere and draws from an 
arbitrary centre the unit vectors, e^, parallel to the plumb lines 
of observatories. A vector e^ defines the position of the zenith, 
Z-L, on the sphere. The usual procedure for expressing position 
on the sphere is a specification of the directions ei in terms of 
arcs on the sphere that measure angular distances from selected 
cardinal directions or circles. The astronomical latitude <j> fixes 
the position of a point in the local meridian plane, which passes 
through the direction e.± and is parallel to the axis of the 
Earth's rotation. <j) is reckoned from the astronomical equator. 
The position of the plane itself is specified by the angle that 
it makes with the meridian plane through an arbitrarily chosen 
reference point on the sphere. According to a resolution of the 
Washington Conference in 1884 the meridian plane through the 
Airy Transit Circle of the Greenwich Observatory was for many 
years adopted as the initial reference plane. 

This formal geometrical definition of the astronomical system of 
terrestrial coordinates does not depend upon any interpretation 
of directly observed phenomena which determine the positions of 
the cardinal point and circle on the sphere. Really, the basis 
of any system of terrestrial coordinates, (x) = (xi,x2,X3)^, is 
essentially empirical. The system (x) is attached to the ob
served vectors e^, or to corresponding zenith positions, z±. The 
minimum number of constraints sufficient to define the system 
uniquely is three. Therefore, if we have more than two vectors 
e±, this attachment cannot be arbitrarily realized. To tie down 
the three rotational degrees of freedom of the system, a certain 
condition must be imposed, e.g., the minimization of the squares 
of the zenith displacements from their initial positions in the 
system (x) , (Fedorov e^ al̂ . , 1972) . Such a system is called the 
conventional terrestrial coordinate system (Fedorov, 1979). 
Where high precision of latitude and time determinations is 
required it is necessary to specify explicitly the directions of 
the third axis of the system (x), and the reference point for 
reckoning longitude. According to the resolutions of the 13th 
General Assembly of the IAU and the 14th General Assembly of the 
IUGG the x3-axis points to the CIO, which is defined by the con
ventional values of latitudes, <f>0i, of five ILS stations. The 
longitude is now referred to the so-called "mean observatory" 
as defined by the BIH. It was defined at an initial epoch as 
the point where the meridian through Greenwich and the CIO cuts 
the equator of the CIO. There was no authoritative approval of 
such a fiducial point for longitude. 
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BIH - The reference system adopted by the BIH and referred 
to the epoch of 1968. 

BIH 1979 - The same as BIH 1968 except for conventional correc
tions added to the coordinates of the pole and to UTl. 

In addition to above astronomical systems of terrestrial coor
dinates the following ones are discussed: 

ST(SU) 1965 - The reference system adopted by Gubanov and 
Yagudin (1979) for redetermining the UT scale 
of the USSR for 1955-1974. 

UT(SU) 1975 - The new reference system adopted by the USSR 
Time Service in 1975 (Belotserkovskij and 
Kaufman, 1979). 

Some information concerning the observational data and the primary 
reference system used for realization of the above reference 
systems are given in Table 1. 

The BIH 1968 system was realized by requiring coincidence of the 
BIH and CIO poles in 1968 as well as continuity of UTl with 
previous values. After the initial adjustment of 1968, the BIH 
system was kept independent of the ILS results. On the contrary, 
ST(SU) 1965 system and the UT(SU) 1975 system have been adjusted 
to that of the BIH only in the average the time intervals of 
1962.0 - 1975.0 and 1957.0 - 1971.0, respectively. The merit 
of any reference system depends not only upon the accuracy of 
classical techniques, but also upon precise specification of 
fundamental constants, computational procedures, etc. The com
parison of polar coordinates and UTl obtained in different 
systems can yield information on the accuracy of the systems under 
consideration. 

Table 1. Astronomical sy 
Name of 
System 

MPO 
CIO 
BIH 1968 

ST(SU) 1965 
UT(SU) 1975 

Number of 
Observa
tories 

all 
5 
51 

15 
5 

stems of terrestrial coordinates 
Number of 
Instruments 

Time 

-
-
48 

29 
8 

Latitude 

all 
5 
39 

-

Interval of 
Observations 

more thanl.6yr 
1900.0-1906.0 
1964.0-1967.0 
1967.0-1968.0 
1955.0-1975.0 
1957.0-1971.0 
1974.0-1975.0 

Primary 
Reference 
System 

instrumental 
instrumental 
CIO 

BIH 1968 
BIH 1968 
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4. SECULAR POLAR MOTION AND NONPOLAR DRIFT OF OBSERVATORIES 

The separation of secular polar motion and displacements of indi
vidual observatories are crucially intertwined with the realiza
tion of a terrestrial coordinate system. The existence of the 
secular and long-period variations of the mean longitudes and 
latitudes of observatories has been proved by many authors. On 
the other hand, many determinations of the motion of mean pole 
of the epoch of observation with respect to the CIO, the so-called 
secular polar motion, have been carried out using the data of 
the five ILS stations. The extensive discussion on this matter 
has led to the conclusion, that at present there is no way to 
resolve the problem of how much is secular polar motion and how 
much is due to, other secular effects providing that the number 
of stations is limited, for example, to five. However, different 
analyses were exersised to show qualitatively that the secular 
trend of the CIO relative to the mean pole, CIO-MPO, was, in the 
most part, due to the local nonpolar effects of the ILS stations. 
If the secular term of polar motion does not exist, we should 
clear up whether there is some long-period motion of the pole. 
Yatskiv e_t al_. (1979) showed that the long-period components in 
polar motion which Markowitz (1970) has claimed to reveal are due 
to local, nonpolar variations of the latitudes of some stations, 
in particular, the Ukiah station. If the number of participating 
stations is large enough, as compared with the ILS, the effect 
of nonpolar drift of some stations on the relative motion of the 
reference systems would be balanced out. As an example, consider 
the variation of differences between the yearly mean values of 
coordinates of pole given by the ILS and the BIH for the period 
1962-1979 (BIH Annual Report for 1979). These differences are 
compared with the variation of the mean latitude of Ukiah 
(i|)u = -0.2583<|JU, ^ = +0.2559IJJU) as well as with the variation of 

the angle (SUM) between the verticals of Ukiah and mean observa
tory (Pulkovo, Kazan, Poltava, Kitab). The values of -0.2583 and 
+0.2559 are the coefficients of the formulae used by the IPMS for 
calculating the coordinates of pole, x and y, from results of the 
five ILS stations. 

There is a significant similarity between these three curves. As 
the variations of SUM do not depend on polar motion, one can con
clude that the long-period motion of the CIO with respect to the 
BIH 1968 system is caused mainly by the local nonpolar effect of 
the Ukiah station. These considerations lead to the conclusion 
that either the x3-axis of the conventional terrestrial system, 
(x), should be directed toward the mean pole of the epoch of ob
servation instead of the CIO, or a kinematic model of the nonpolar 
drifts of stations, the coordinates of which define the system, 
(x), should be introduced. 
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Comparison of the polar coordinates obtained in different systems 
is capable of giving information on the relative motion of the 
third axis of these systems, and remains the only means for 
estimating the accuracy of the adopted conventional terrestrial 
coordinate system. Figure 1 shows the difference, BIH-DMA, be
tween the BIH 1968 system and the reference system adopted by 
the DMTC for the reduction of the Doppler observations of arti
ficial satellites. The trends of these systems with respect to 
the MPO are also depicted. There is significant correlation 
between the values, DMA-MPO, and the values, BIH-MPO, that gives 
some indication on the existence of the secular motion of the 
pole. However, one has to take into acount that the differences 
between the BIH 1968 system and the DMA system are of the same 
order as linear trends of BIH-MPO and DMA-MPO. Under the suppo
sition, that there is no correlation between reference systems, 
BIH, DMA and ILS, the estimation of the standard errors of the 
yearly mean values of the polar coordinates have been determined: 

x - coordinate: aDMA = ±0".004, aBIH = ±0".003, alLS = +0".011 
y - coordinate: aDMA = ±0".006, aBIH = ±0".004, alLS = ±0".008 

When calculating these estimates, the value of ILS-BIH for 1976 
have been rejected as outlier. 

5. ON THE PROCEDURE FOR MAINTAINING THE CONVENTIONAL TERRESTRIAL 
COORDINATE SYSTEM 

In current practice a minimum displacement principle, in least-
squares sense, is used to fix the reference system to a set of 
observatories distributed over the Earth's crust (Fedorov, 1975b). 
Let pi be the displacement of the zenith Z± in the conventional 
terrestrial coordinate system, (x). According to a minimum dis
placement principle, 

n 
2 pi = min, (1) 

where n is number of observatories. Taking the displacement 
along the parallel and meridian, the condition (1) becomes 

.1 {(£i-Jloi)2cos2boi + (bi-boi)
2} = min, (2) 

where l^, b± are the longitude and latitude of the i-th observa
tory in the system, (x) ; SL0±, b0i are the values of i± and bi 
for the initial epoch TQ. 

This statistical approach could be realized in the following 
manner. At the start of perhaps a number of Chandlerian periods 
the average values, (XQ±, §0±), of the observed astronomical 
longitudes and latitudes, (\±, $±), referred to the ephemeris 
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4*Ct <V* ,*\^*'* 

Figure 1. Variations of the yearly mean differences: BIH-MPO 
(solid line), DMA-BIH (dashed line with solid circles) 
and DMA-MPO (dashed line with open circles). 

system, (£), is used for calculating UTl and polar coordinates, 

(x,y), from the system of equation (3): 

<t>i - tai - (x c o s ^oi + y s i n ^oi + z) = VJ_ 

UT0j[ - UTC - (-x tan <S>0± sin X0± + y tan <j>0i cos \0± + t) = v{, 

where UTOi is the Greenwich mean time derived from observations 
of star transits at the i-th observatory using the initial 
longitude \0±', UTC is the universal coordinated time broadcast 
by means of time signals; t is the value of UTl-UTC; z is nonpolar 
latitude variation, which is common for all participating 
observatories; v^, v^ are residual which is assumed to be inde
pendent random variables. Then the process is repeated for calcu
lating the more accurate estimates of mean longitude and latitude 
under the condition that UTl and x, y are given. As a result, 

the values A, 
on 

£oi a r e obtained, which one can adopt as con
ventional coordinates of the i-th observatory for the initial 
epoch T0, i.e., l0j_, h0j_. At some convenient time interval like 
a one or two-year period, the estimates of the systematic errors 
of individual instruments along with UTl and polar motion are 
determined from the solution of (3). The former as well as the 
information on the observation accuracy are used to weight the 
equations (3) when solving for subsequent time interval. 

The difficulty of maintaining the conventional system, (x), is 
caused, first of all, by the fact that poor network configuration 
prevents the independent estimates of the unknowns x, y, z, t 
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from the solution of equations (3). For example, the covariance 
matrix calculated for the worldwide net of about eighty observa
tories, the BIH network, is given in Table 2. The figures placed 
to the right and from above a diagonal of Table 2 correspond to 
the solution of the equations (3) with the weights adopted by the 
BIH. The other ones correspond to the solution of the equations 
(3) without weights. According to Korsuri and Emetz (1980) exist
ence of correlation between x, t and z could result in the sea
sonal effect of polar motion and UT1 which have been recently 
corrected by the BIH (so-called BIH 1979 system). 

Table 2. Normalized covariance matrix of the unknowns of 
equations (3). 

The difficulty of maintaining the conventional coordinate system 
is increased by the fact that the observatories are located on 
different crustal plates that are in relative motion. Therefore, 
the above assumption on the nature of residuals, Vi, v£, is not 
valid and one should use some statistical model of these residuals 
to solve the equations (3). Let us suppose 

vi = vs,i + vr,i > (4) 

where vs ± is nonpolar systematic displacement of the i-th observ-
tory; vr>± is independent random variable. For this model, the 
estimates of the unknown, x, y and UT1 of the equations (3) 
would be consistent, if the vectorial mean value, vg _, taken 
over the entire set of observatories, is zero, namely, 

n m n m n p 
il^s.i c o s *oi = 0, J^vs.i sin Xoi = 0, J ^ v ^ i = 0 , 

m p 
where vSji, vSj^ are the components of nonpolar displacement, vs ±, 
along the meridian and parallel respectively. The deviation from 
this condition results in the relative motion of the different 
astronomical systems of terrestrial coordinate. This consider
ation leads to a conclusion that the conventional terrestrial 
coordinate system should be attached, in the statistical sense, 
to the observatories at relatively stable sites having on the 
average no mutual equatorial displacement of the zeniths and no 
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systematic meridional components of the zenith displacements. 
The realization of such a reference system could be achieved by 
means of the comparison of the different systems of terrestrial 
coordinates with each other and with the MPO in the manner that 
is similar to the compilation of general catalogues in fundamental 
astrometry. After realization of such a reference system, a 
special procedure has to be used to minimize the effects of the 
changes in the number of participating observatories and the 
observational programs. This procedure might be similar to that 
employed by the BIH, though some improvement is possible 
(Yatskiv &t_ al_. , 1979) 
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