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FOREWORD 

The cons tants , models and algorithms robe used in the reduction 

of o b servations of the MERlT Campaign are not included in thi s report . 

T he y may be found in the report on MERIT Standards. to which atte ntion 

is direc ted . 

Th is report was prepared by the MERIT coordinato r s for the Inten ­
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r espectively . Contributions from R . Anderle, C. Boucher, 0. Calame. 

W. Ca rter, J. 0 . Dickey . D. D. McCarthy. W. G . Melbourne, I . Muelle r , 

B . Sc hutz, E. :>.1 . S t andish , B. Tapley, J.G . Williams and K . Yokoyama 

are g ratefully acknowledged. 

All correspondence concerning this report should b e addressed to 

M. Feissel ( BIH). 
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1 . INTRODUCTION 

1.1 Background and Objectives 

This document i s the pl an for implement ing the proposa l put forward by 

the join t IAG/IAU Working Group on the Establ i shment and Maintenance of a 

Conventi ona l Terrestri al Reference ~stem) (c:nES) for an attempt to connect 

the various terrestr i al and inertia l reference frame s dur i ng the MERIT 

campaign [COTES, 1982] . The motivation for th is proposa l may be found i n the 
proceed ings of t he MER IT Works hop hel d i n Grasse , France [Wilkins and Feissel, 

1982] , in which, on page 43 there is an account of a joint meeting of the 

MERIT (!ionitor farth ~ot2tion and .!_ntercompare the .!_echniques of Observation 

and Analysis) Steering Committee and the newly formed COTES on May 21, 1981, 

at which 

it was agreed that it would be of general benefit if the operations 
dur i ng projec t MERIT were planned in such a way as to contri bute 
whenever possible to the establishment and ma i ntenance of the new 
conventional terres tri al reference system . 

The frame of the f ut ure Conventiona l Terrestri al System (CTS) is to be 

defined by an adopted set of spatial coord inates of a gl obal network of 

observing stations mainly Very Long Basel ine Interferomet ry (VLBI), Satel l ite 

La ser Rang ing (SLR), Lunar Laser Rangi ng (LLR), and the i r mot ion models, or 

by an equi valent way [Mueller , 1981 ; Kova l evsky and Muel ler , 1981] . The 

stations will define the vertices of a fundamental polyhedron whose deformation 

and movement with respect _to the frame of a Conventional Inertial System (CIS) 

is to be mon itored through periodic re -observati ons . The ma i n di fferences 

between thi! t errestria l sys tem and that of the cur rentl y adopted CIO-BIH 

are that in defining the former , the sta ti ons ca nnot be assumed to be moti on­

l ess with respect to each other , and that the observations wil l no longer be 

referred to the directions of the loca l pl umbl i nes (as trome tric instruments) . but 

to other terrestrial direct i ons (basel ines) . The functions of the CTS are 
tvJOfold . The first, requir ing only a subset of the polyhedron vertices, is 

to monitor the motions common t o all stati ons (polar motion and earth 



- 2 -

rotation) of the polyhedron with respect to the frame of a CIS . The second, 

involving all stations , is to mon i tor the internal motions (or deformat i ons) 

of the polyhedron, i.e . , those mot i ons not common to all stati ons . 

Considering that severa l advanced geodetic systems are available today, 

the problem is how t o merge several networks, each one defining essentially 

i ts own reference frame, both CTS and CIS, into a common set. In order t o 

accompli sh t hi s , several s tations wil l need to be colloca ted, and short 

periodic variations in the earth's rotat i onal vector need to be observed 
( see Section 2) . 

This pla n for coordinated SLR, LLR and VLBI observations during the 

MERIT main campaign is an attempt to get answers to the fo l lowing quest i ons: 

(1) whether the most precise observat i ona l systemsavailable at that time 

(i . e . , third-generation la sers , and VLBI' s with Mark III-type rece ivers) 

will be able t o detect the systematic di fferences between the frames of 

the various Conventi onal Inertial Systems {CIS) and between the f rames 

of the various Conventional Terrestrial Systems (CTS) inherent in these 

observations systems. 

(2) whether the above observational systen1s will be able to detec t short 

periodic variations in the ea rth's rotational vector (and how accu ratel y) . 

It is emphasized that s ince the aim is the establishment and maintenance 

of a future CTS, the plan is based only on the bes t SLR, LLR and VLBI systems 

in a network which in our view could be es tablished by 1983/84 . Important 

use is made of transportable SLR and VLBI systems whi ch wil l be ava ilable in 
that time fra me in Europe and the U.S. 

It should al so be noted that although only third-generation l asers and 

Mark III type VLBI are con_s idered in this plan, other sys tems such as Doppler, 

especially when utilizing t he new NOVA satellites, will also f ollow a s imilar 

plan for a cecondary network. The Doppler systems have their own inherent 

CIS's and CTS's, and the es tabli shment of the rela tions hip between them and 
the others would be of scien tifi c interest. 

1. 2 Resolu t i ons 

The COTES proposal was thoroughly di sc us sed with all prospective partic­

i pants and presented to the !AG General Meeting in Tokyo in May , 1982 . The 
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!AG expressed strong suµpo rt through tht fol lowing resol utions : 

RESOLUTION 1 

The International Assoc iation of Geodesy 

~ot ing that the results to be obta ined during the MERIT Main Cam­
pa i gn wil1 be of long-tenn benefit to geodesy and its appli cation s , 

s trongly endorses the proposal s of the COTES and MERIT Working 
Group s t hat during the Campaign 

(a) ve ry l ong ba seli ne radio interfe,-ometric and sa tellite and 
lunar laser ranging systems be used for co- loca ted obser vations of high 
prec i si on at the rec omnended sites, and 

(b) obse rvations be made intensively for a limited period to 
detec t any short- period variations in the derived earth-rotation param­
eters, 

and urges that the appropriate resources and facilities be made 
avai l able for these activi ties by the countries involved. 

RE SOL UT ION 2 

The Internationa l Association of Geodesy 

cons idering that it is important that the new terrestrial refer­
ence frame to be derived f r om high-precis ion observations during the 
MERIT Main Campaign should be extended and related to existing services 
as accurately and quickly as possible, 

and urges that coordinates precise positioning observations be 
made during the Campaign by satelli te radio-tracking syst ems at the Very 
Long Baseli ne Interferometric, Lunar and Satellite Laser Ranging sites 
as well as at a l arger number of well distributed sites around the world. 

The IAU subsequent ly endorsed both 0f the above resolutions at its 
Genera l Assembly in Patras , August, 1982. 
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2 . THE PRINCIPLE OF DETERMINING THE CTS AND CIS RELATIONSHIPS 
AND SHORT PERIODIC VARIATIONS IN THE EARTH ROTATION VECTOR 

2.1 The Effect of CIS and CTS Differences o~ Earth Rotation Parameters 

The two CIS's (and two CTS's) inherent in two different techniques are 

generally not exactly identical. Suppose the relation between the two CI S's 

i s 

( 2. 1) 

Similarly , the relation between two CTS's is 

( 2.2) 

where a. and e. are small rotation angles about the axes "i" . 
l l 

The transfonnation from CIS to CTS is [Mueller, 1969] 

(2 .3 ) 

and 
(2.4) 

where common nutation (N) and precession (P) matrices are ass umed to be used 

in both techniques. The earth rotation matrix S· = R2 (-x )R1(-y )R 3(e), -in which . p p 
x , y are the coordinates of the pole and e is the Greenwich Sidereal Time. 

p p 
Substituting eq. (2.1.) for the last term of the right-hand sid_e of eq. 

( 2. 4), and eq. ( 2 .2) for the left-hand side, 

R1( e1) R2(e2) R3(e3)(~) 1 = s11 Np R1(01) R2(02) R3(0 3)(!)
1 

After some reduction, neglecting second-order tenns, 

(~) 1 = R1( -e1 + 01 cose + 02 sine ) R2(-e2 - 01 si ne+ 02 cose)· 

· R 3 ( -e 3 + o 3 ) S II N P (f ) I 

Comparing eq. (2. 5 ) with (2.3), 

( 2 . 5 ) 

s1 ~ R1 (-e1 + 01 cose + 02 sine) R2(-e2 - o1 sine+ 02 cose)· 

II ·R3( -e3 + a3 ) S (2.6) 
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Or 
I - t:,y = -(y p p 

I 
- /J X = -( x p p 

( 2. 7) 

Thus the CTS differences ( Bangl es ) cause biases in al l earth rotation 

pa rameter s . Beca use of the modulation of the earth's diurnal rotat i on, the 

effect of CIS differences (a 1 , o 2 ) on polar motion componen t s are diurnal 

t e rms , while t he effect of o 3 on UTl is again a bias. 

The direct way to determine all the Bangles i s the method of station 

col l ocation. For connect ions of CIS's, there are a f ew methods such as the 

use of space as trometry to connect the stellar CIS an d the radio source CIS, 

or using differential VLBI (which, for example, was used when the Viking Mars 

Orb i ters and a quasa r were near ecl ipsing) to connect the planetary and radio 

source CIS' s (see [Kova l evsky and Mueller, 1981]). These are direct approaches. 

One indirect method is via s tation collocation, i.e., using the earth as an 

intermediate body ( see [Kovalevsky, 1980]): First by station colloca tion one 

determines the CTS difference (8 angles ), then through the ea rth r ota tion 

pa rameter differences one finds the CIS difference (o angles). Eq. ( 2 .7) i s 

the basis for connec ting the two CIS's via station collocations. 

2. 2 Station Collocation for Determining the CTS Differences 

It is obvious that using the sta tion collocation method one can solve 

for 81 , 82 , 8 3 direc tly. ( 81 and 82 can also be detennined from the biases 

between two sets of polar motion coord inates . (See eq. (2.7).) Suppose 

s tati on i is one of the colloca t ed stations, and x~ and x~ 1 are th e two sets -, -, 
of "geocentri c" coordinates, then 

AX . = X ~ - X ~ I = - [ :: ] + [ - ~ 3 -, -, -, 
6 3 +82 

83 

0 -82] [ xi] [ xi] +81 Y · + C Y. 
l l 

0 z. z . 
l l 

(2.8 ) 

where 6 is the transl ation vector, and c is the sca l e difference. Eq. ( 2 .8) 

can also be seen as an observation equation. One must have at least three 

coll ocated stations to solve for the above seven unknowns. If one set of 
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cuordina t es i s geocentri c, and the other i s not, as in the VLBI case, then 

there are two way s to proceed. For VLBl, ~x .. is given between stations i - 1J 
and j at the end s of the VLBI baseline~ by assign ing one VLBI stat i on an 

arbitrary position vector, the coordinates of other VLBI stations in the 

same network can be obta ined. Eq . (2.8) i s st ill used as the observa ti on 

equation , but in this case the meaning of the translation· vector is not 

"geocentr i c" difference , but it expresses how much the initi al arbitrary 

posi t ion vector differs fr om the geocentric position vector. Th e other way 

i s to solve eq. (2.8) for only four unknown s , namely the a' s and c, and 

choose one VLBI station position vector to exactly eq ual the geocentri c posi­

tion vector of the same station as determined by means of a coll ocated SLR 

or LLR. 
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3 DEFINITION AND REALI ZATION OF REFERENCE FRAMES 

This Section iden t ifies the principal r efer ence syste.m related elements 
that will be required to intercompare earth rotation results obtained by the 
different techniques . For each technique, a narrative desc ribing the process 
by which earth r otation results are related to the t er r estrial and space-fixed 
reference frames is given. The information contained herein should enable the 
development of a set of transfor ~ation algorithms that a ccount for the various 
reference systems in use when int er compariog earth rotation results. In addition, 
the differences in effect of adopting new precession and equinox corrections on 
the space techniques versus the established techniques are discussed. 

3. l Very Long Base Radio Interferomet::.y 

Through the diurnal variation of the observed phase, radio interferometry 
senses the true declinations and relative r ight ascensions of date of the observed 
radio sources . I n addi t ion, the direction and length of the baseline vec tor are 
obtained r elative to the quasi-inertial system (CIS) defined by the angular posi­
tions of the radio sources . The zero point of the right ascension coordinate is 
not observed by radio interferometry . Some workers tie the right ascension of the 
radio source frame to a single source with an optical counterpart de fined in the 
FK4, for example, Algol. Ot hers use a best fit of the observed positions of the 
ensemble of observed radio sources with weak optical coun terparts (~100 kno\.ffi 
today) to the optical positions of these sources. These optical positions are 
tied indirectly to t he FK4 through photogrammetry to _an accuracy of a few tenths 
arc s ec . Another approach is to tie the radio source frame to the dynamical frame 
defined by the lunar and planetary ephemerides. This is accomplished through 
differ ential VLBI observations of planetary spacecraft. Intercomparison of radio 
source catalogs will probably be required unless the standard set in Appendix 1 
is used. 

The l ocation of the baseline vector within a conventional terres trial frame 
(CTS) is not defined by radio interferometry observations. This allows three 
rotational and three translational degrees of freedom of the terrestrial frame 
for a time series of radio interferometry observations on a given baseline . The 
three rotational d r grees of freedom arc exercised by specifying a procedure for 
aligning the UTl and pole posi tions with the BIH. Again, some worke rs co this by 
adopting the BlH earth r otation parame ters at fixed epochs; o thers carry out the 
alignment ~y minimizing the RMS deviations over the entire observation s pan 
(e . g ., years) between their earth rotation time series and the BIH. Mis3ligr.ments 
in righ t ascension between the radio source frame and the FIG are l ikely t o remain . 
Consequently , even with the UTl sys tems of the radio and BIH techniques aligned, 
the resulting baseline terrestrial longitudes will no t be exactly in the BIH 
defined frame . However, specification of the baseline terrestrial l ongi tude and 
lati tud e (the latter being defined from the observed declination of the baseline 
and the transformations bet·..>een the CIS ;md CTS f:-ames) is not s tr ictly necessary 
for earth r otational s tudies : onl y for study of t e rres trial frames js this Jast 
step important . Also, the th r ee translational degrees of freedom co the firs t 
order are not relevant to earth r o tation StLldies ; for computational convenience 
so~e workers fi x the terrestrial coordinates of one of the radio telescopes and 
solve for the coordinates of the other te l esco?es rathe:- t han fo :- the baselines . 

....._ ______________ - - - - - - -
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3. 2 Connected Eleme nts Rad io_ Interferometry 

INTHODUCTJON 

Connec te d E lement Inte rferometry (CEI) utilizes at least two separate radi o 
t elescopes which are used to observe the same radio source simultaneously. The signals 
received at each instrument are then transmitted in real time to a central location where 
they a re correlated to fi nd t he amplitude and phase of the interferometric fringes which 
result. This process differs from Very Long Baseline Interferometry (VLSI) in that the 
length of the baselines in VLBI currently precludes the possibility of real- time correla­
tion of the signals. Two reference coordinate systems are involved in using the CEI 
technique for the determination of Earth orientation. In order to understand the rol e of 
the r e ference coordinate systems it is useful to review the basic theory of the technique. 

The signal observed at the separate antennas will be received at different times 
because of their different locations with respect to the radio source. This di fference in 
the time of arrival is proportional to the dot product, BS, where B is the baseline vector 
and S is the vector directed toward the source. The basel ine vector is described in the 
conventional terrestrial re f e rence system while the source vector is described in the 
conventional inertial system. This difference in the time of arrival depends on the 
relati ve orientation of the two re ference frames associated with these systems es well as 
the descriptions adopte d for each vector within their respective frames. The reduction 
procedure makes use of adopted procedures to account for the r otation of the ine rtial 
system with respect to the terrestrial system. This is done through the use of the 
conventional expressions f or precession, nutation and Greenwich mean sidereal time. 
The residual phases which remain after accounting for the above effects are then 
analyzed to determine the appropriate Earth orientation parameters (McCarthy, et al., 
1980) --

CONVENTIONAL INERTIAL SYSTEM 

The conventional inertial reference frame used in CEI is defined by a set of 
adopted source positions. The sources are assumed to be at very great distances from 
the Earth and so no adopted m ode ls for the motions of the sources are required. Since it 
is known that the sources t ypi ca lly show time- variable structure at the level of 0~001, the 
sources chosen for observation ·are limited to those whose angular size is sufficie ntly 
small so as to m in imize any effects of time-variable structure. 

The source coord inates are usua lly adopted from previous observations made usi ng 
either the same interferometer or another instrument. In the case of the Green Bank 
int er ferom et er the reductions are made using positions derived from that instrume nt 
(Kaplan, et al., 1982). The coordinates are given in t he usual system of right ascensions 
and declinauons. While the observations were made in the FK4 system they are trans­
formed to the FKS system statisticall y through the use of the available procedures. 
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The haseline vector is descri bed by component s derived from ohse rvAtions made 
with the instrument. Jt should be realized that the components are not defined in a 
geocentric system since the baseline can be translated without any effect on the 
observations. Hence, the adopted values only describe the relative orientation of one 
ant e nna with respec t to the other. This relative orientation is given in a system 
consi stent wi th other adopted conventions. In the case of CEJ the components ere chosen 
so that the Earth orientat ion parameters derived frorr. interferometer observations over 
some period of time ere statistically consistent with those derived from values given by 
the standard services of the Bureau International de l'Heure (BIH) or the Internat ional 
Polar Motion Service (IPMS) during that same time. 

The components of the baseline vector are given in a local x,y,z coordinate system 
with the x and z exes lying in the plane of the local meridian of one of the antennas end 
wi th z perpendicular to the equator. The y axis, being directed toward the west for the 
Green Bank instrument, completes a left-handed system. The values for the components 
ere expressed typical ly in nanoseconds of relative delay time although they may be given 
in linear m easure or as direction cosines. In the case of the Green Bank interferometer 
the components were chosen to be consist ent with BIH end ere assumed to be in the BIH 
1979 reference system. 
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3. 3 Optical Astrometry 

The apparent position of an observing s t ar at the time of observ~tion is 
computed on the basis of the MERIT Standards which is practic,lly identical 
with IAU ( 1976) System of Astronomical Constants so far as the r eduction of the 
optical astrometry is concerned. No discontinuity of UT1 will occur in this 
procedure . The computational algorithm is modified to include the effects which 
have been neglected so far. Thus the Celestial Reference Frame of the optical 
astrometry is the same system as the one to be used by other techniques . 

The observables of the optical astrometry (latitude and /or UTO) are 
directly connected with the direction of the gravitational vector at the site . 
The gravitational vector is affected by the luni-solar attraction depending on 
the internal constitution of the Earth. In order to detect s hort periodic 
variations in the Earth's rotation, predictable pa rts of the var iations of the 
gravitational vector due to the external forces should be corrected, namely the 
deflections of the vertical due to the Earth and ocean tides . Other 
geophysical variations after subtructing the predictable variations of t he 
gravitational vector are supposed to be due to a crustal displacement of the 
site and secular variation of the gravitational vector , in addi tion to Earth 
rotation variations . 

The effec t s of the error s in the position and proper motion of the 
observing catalogues are far from negligible in the observed latitude and UTO. 
Although these errors can be correc ted to a consider able extent by an internal 
adjustment using the observed data themselves, it i s difficult to connect the 
whole system to that of the fundamental catalogue like the FK~, especially for 
the case of PZT which usually observe faint star s of the narrow zone . The 
connec tion of the star systems to t he fundamenta l catal ogue should wait until 
the appearance of the FK5 which will contain fainter stars. Hence, one of the 
weak points of the optical astr ometry in maintaining the CTS is an unknown 
bias of the position and the proper mot ion of the observ i ng star ca talogue used 
by each instrument. The connection of their pos ition and proper motion system 
with that of the FK5, that is, a quasi-inertial system, wi ll be one of the most 
important works in the future. 

As to the periodic (mainly annual and semi- a nnual) systematic errors 
included in the data of each station, the correction for the r efr action , as well 
as the elimination of periodic errors due to the catalogue errors , will be 
accomplished to some extent by an improvement of the environment of an 
observing house , as well as an improvement of the r efraction t able of each 
station. 

In order to increase the precision and the accuracy of the optical 
astrometric observations , it is impor tant to cake effort for automization of 
observation and also for impr ovement of the instruments, t hrough adoption of 
the new technologies. 

The mean latitudes and longitudes of the sites ar e determined using the 
dat2 obtained during a certain dur ation . The mean coor dinates thus determined 
define the mean no r th pole like CIO for the case of the ILS network, or the BIH 
zero meridian for UT1 determination. These origins are based on the average 
system of the star catalogues of the collaborating stations . Hence by the 
inter-comparison of the star catalogues with the FK5 or the radio source system, 
of course in the future, it will become possible t o reduce the system of the EOP 
of the op tical astrornetry to a quasi-inertial system, or CIS. 

On the other hand, it will also become necessary to connect the optical 
astr ometric s ystem defined by the gr avitational vector to the geocentric 
coordinate system. Through this procedure, the optical coordinates system may 
be connected with those defined by other techniques . 
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In the near future , it will also become an important problem to deterruine 
the EOP , simultaneously with the parameters of the st~~ion displacements, as 
well as with other minor geophysical phenomena. When we consider the present 
situations which the optical astrometry has encountered , the so- called station 
drop- out problem is one of the serious defects in maintaining the CTS . The 
history of the op tical astrornetry is the l ongest among various t echniques 
covering over 20 year s . Hence these observations will provide a good example for 
testing such attempts to simultaneously determine station displacements 
together with the EOP . 

It should be stressed here that for providing high-quality results to meet 
MERIT and COTES objectives, the sta~ions which have supplied good data will play 
important roles. Especially for maintaining the CTS as stable as possible, the 
stations with long histories of observations are to be assigned large weights. 
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3. 4 Lunar Laser Ran g in g 

In the case of lunar laser ranging. the ce lestial reference frame is the 
dynamica l frame defined by the lunar and plane tary ephemeri s s ystem . The 
series o f LLR observations over the past 13 years has yiel Jed a d e termination 
of the longitude of the moon r e lative to the s un to.: 0. 003". Thu s , the zero 
point in right ascens ion of the moon is s trongly tied to the ze ro point of the 
s un in the planetary ephe meris s ystem . Furthermore, the mutual inclinations 
and orientations of the lunar o r bit plane, t he ecliptic and t he dynamical 
equator are now known at the 0. 01 " level . LLR now provides a stronge r data 
set than the meridian circle observations of 1 .1e sun and p lan ets for e s tabli s hing 
the relative orientations of the eclipt ic and dynamical equator . Thi s accurac y 
will improve s ignificantly as a larger frac tion of the 18. 6 year nodal r e gression 
period is spanned by the LLR data se t. The celestial frame for LLR is thus 
s tandardized throug h the spec ification of the lunar and planeta ry ephemerides 
des cribed in Appendix 16~ Those LLR workers adjus ting the model parameter s 
related to the lunar epheme ri s s hould exer cis e care noting the rotations that 
accrue between the r esulting lunar ephemeris and the s tandard. 

T he diurnal sinusoid in LLR provides the principal information about 
earth rotation. The amplitude of the sinusoi d provides information about the 
distance of the station from the spin axis of t h e earth and the phase of the 
s inusoid provides s tation longitude information. For a single station, varia ­
tions in the diurnal amplitudes determined from successive frames of LLR 
observations yield information about variations in the componen t of pole 
position a long the station meridian. In practice , the obser vin g schedule does 
not permit a full diurnal pass of LLR data to be taken and the resulting polar 
motion derived from the amplitude of the diurnal si nusoid r equires accurate 
lunar and libration e pheme rides. Variations i n diurnal phase ar e relatively 
corre lation free and provide a d e termination of the variations in UT0. For 
McDonald Observatory . UTl is given by 

UT!= UT0 + 0.572 x + 0 . 142 y 

Thus, the d e termine d variations in UT l a r e corrupted by e rrors in the BIH 
adop ted values of polar motion , w,,ak ly in the case of y a nd more strongly in 
the c ase of x. The variation of latitude at Mc Donald Observatory, de t ermined 
in some analyses ( JPL and MIT) . is dominated by the y component. 

In t>- ~ LLR three rotational degrees of freedom exist in the terrestrial 
fram e . ThesP are fixed by aligning the LLR derived UT and pole parameter 
series with the BIH. The UT l s ystems can be aligned by deriving a lon g itud e 
for the s tation that gives the least RMS d iffere nce in the LLR and BIH UTl 
series over the en t ire LLR data span . 

* of the Report on MER IT Standards 
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3 . 4 . l The Lunar Laser Mode llin g a l the CEB.GA 

INTRODUCTION 

In the framework of the EROLD program and the MERIT campaign, the 

"Earth-Moon System" team in CERGA (Grasse) acts as the primary computing 
center (or operating center) for all the data available from the participa­

ting stations. The analyses of these data are performed from mathematical 
models constructed in CERGA for several years and in continuous evoluti on. 
These models include the computations of the observational residuals and 

par tial derivatives with respect to the relevant parameters that affect 

the various motions of the lunar reflectors with respect to the observati on 
terrestrial stations, as well as the reduction techniques of data for de­
termination of these parameters , in particular the Earth rotation sol utions . 

The results of this latter purpose are published regularly in the BIH 

is sues. 

This paper reports the main elements usef ul to these analyses, 

without however entering into details. 

COMPUTATIONS OF OBSERVATIONAL RESIDUALS 

At first, it is important to realize that the lunar range measures 

are not distances, but round-trip time delays, or aberration times, due to 

the re l ative ~otions of the lunar reflector and the terrestria l station. 
This fact makes the computations more complex, since for examp le the two 

parts of tri p are not symmetric . However , it is sometimes more convenient 

(or vi sualizing) to give some figures i n distance units, rather light- time 
units, although the interccmparison between t hem can be rea lly made only 

with a conver.t ional value for the speed of l ight. 
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Schematically, the value of a station-reflector time delay can be 

computed in considering the three followin g vectors in space : -- SE : geocentric position of the terrestrial station S with res-
pect to the center of mass E of the Earth; 

--- EM position of the center of mass~ of the Moon from this of 
the Earth; 

--- MR selenocentric position of the considered reflector R. 
Even for the only purpose of Earth rotati on determination, it is 

necessary to take in consideration all the phenomena that can affect each 
of these vectors . 

Generally, the observations are referred to the Coordinated Univer­

al Time (UTC} time scale, that is the most easily available in station. For 
describing the rotational position of the Earth crust in space, a conversion 

has to be done to the Universal time UTl in using the BIH published values 
of ,'.j UT = UTl-UTC. On the other hand, the ephemerides for the orbi ta 1 motion 
of the Moon and the Earth are expressed in the heliocentric dynamical time 

(ET), as the independent variabl~ of the gravitational theories; for this 
transformation, it is necessary to pass through the intermediate time scale 
of International Atomic Time (TAI) such that : 

ET= UTC + (TAI-UTC} + (ET-TAI) 

where : (TAI-UTC) is an integer number of seconds defined by internatio-
nal convention, and approximately_ 

(ET-TAI) = 32.18 106 + 1658 (sin E + 0.04 ) 
+ 2. 03 COS(I) [sin (UTl+-l) - sin-l] + ... 

in microseconds, where : 

E is the eccentric anomaly of the Earth clock, 
,l, (/) are longitude and latitude of the clock. 

For the description cf the geocentric motion of the telescope at 
observation station, we define the reference frame as the body-fi xed system 
based on the 11 true intantaneous rotation axis" and the 11 true equator of 
date 11

, in the classical manner. The nominal coordinates of the telescope 

areexpressed in this frame by rotations of the polar coordi nates , as given 

in the 6IH Circular D; likewise the true sictereal time is computed by 
application of the published values of UTl -UTC. 
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In addition, the Earth crust undergoes deformations due to the 

terrestrial tides. An ootimization from the Cartright' series was construc­
ted for this purpose. Until now, the oceanic tidal effects have not been 
included. 

As for the orbital ephemerides. the reference frame is generally a 
fixed coordinate system, as for example the system represented by the mean 

Earth equator and equinox of 1950.0, which is used for the ephemeris so-called 
ECT18 (1980), constructed in CERGA, with a collaboration of the University 

of Texas. This new ephemeris of the solar system. by numerical integration, 
is based on Lunar Laser ranging data particularly. Essentially, this model 
includes all the relativistic acceleration terms (neglecting the fourth power 

of c) of each body, in the Brans-Dicke theory. The figures of the Earth and 
Moon are included as well as the effect of the tidal friction in the Earth. 
All the computations are performed in an heliocentric frame because each of 

the various bodies, in its heliocentric orbits, are submitted to different 
accelerations with respect to an inertial frame, even in the case of two 
near bodies like the Earth and Moon. 

These heliocentric coordinates of the Earth and Moon so deduced are 

converted to be referred to the true equatorial system, as the geocentric 
pos ition of telescope does, by application of precession, nutation and obli­
quity theories. 

The quick- look results, obtained during the MERIT campaign, have 
been based on this ephemeris. 

On the other hand, it is necessary to know also the selenocentri c 
coordinates of the refl~ctor in this same reference frame . For that, given 
the body-fixed mean (nominal) coordinates of the reflector and the time when 
the laser photon encounters it, the transformation to the mean ecliptic sys ­
tem of date is performed by application of a l i bra ti on theory and adequate 
values for the physical lunar parameters. In the CERGA model, so-called 
EROC78, the used theory is this one due to Migus, by analytical process, 

for the second and third order librations. The effects due to the planetary 

terms are computed independently . In addition, the ''free l ibrations" are also 
included. The transformations to the true equatorial frame system are provi ­
ded by the classical rotations. 
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Because of the fa ct that the refl ecto r moves re l atively 

to the station during the one-trip (and inversely during the return), it 
is necessary to proceed to iterati ons for the determination of the photon 

round-trip time delay. 

Furthermore, we need also to take account for the Earth atmosphere, 

because the photons travel slower than in vacuum, so that it is necessary 
to apply a refraction modelling. 

PARTIAL nERIVATIVES 

In the course of the computation program for the observational resi­

duals, the partial derivatives relative to the rel evant parameters of motions 

are evaluated simultaneously. In all the cases, where it is possible, these 

derivatives are computed by analytical process, without hypothesis on the 

terms to be negligible . On other cases, for example fo r the initial condi­

tions of the orbital motion, they are estimated by finite differences method. 

QUICK-LOOK SOLUTIONS 

The quick-look solutions for the Earth rotation determinations were 

computed from the basic general equation for each observation : 

residual = f r cosqi COS8 sin H 6[(uTl-UTC)~ >. - a: ] 

+ f r COS<f> COS H 6A 

+ fr sin4> 68 
+ F r [ COS</> cos H sin o - s i n<j> C(JS 8 ] 6C 

+ fr 6D 

where the residual is the difference (obse rved - computed) va l ue of the 
two-way ti me delay j), and 

f 2!:l / j) 

fl , a, h 

r, >. , <I> 

geocentric distance, right-ascension and declination of the 
reflector, referred to the true equatorial system of date; 

geocentric radius, longitude and l atidude of the s tation, 

referred t o the instantaneous equatorial frame; 
6A, 68, 6C , 6D representing combinations of the corrections to apply to 

the estimated values of parameters r, ¢> , o, o. 

The four unknowns 6A, 68, 6C, 6D are solved simultaneously with 

the Earth rotation to take account for uncertainties on the various motions, 

such as the orbital motion, lunar librations and so on. 
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3 . 4 . 2 . JPL Report: LLR Earth rotation results , coordinate systems 
and their unification. 

Earth Rotation from the JPL LLR Anal~ 

The rotational orientation (Universal Time and the variation of latitude 

at McDonald Observatory, Texas) of the earth is determined from McDonald 

Obse rvatory lunar la ser ranging (LLR) data. The current range data set 

contains 3 326 "normal" points (acquired between August 1969 and May 1982), 

which were constructed by the University of Texas from the individual photon 

returns from the Apollo 11, 14 and 15 and Lunakhod 2 retroreflectors. 

The ability to accurately model the lunar orbit over the full span of the 

observations all ow s long-term studies of the variation in the earth's 

rotation. The JPL earth rotation results are consistent with the 1976 IAU 

definitions and constant~ The new IAU expressions have been used for 

precession (Lieske et al ., 1977; Lieske, 1979), nutation (Seidelmann, 1982), 

and Greenwich mean sidereal time (Aoki et al., 1982). In the transformation 

to dynamical time from IAT we use a constant offset of 32.184 sec and three 

periodic terms: 1.658 ms annual, 1.745 microseconds (for McDonald) daily and 

1.67 microseconds monthly. The nominal planetary and lunar ephemeris, 

DE119/LE63, u .;;ed in the reduction results from an integration based on joint 

fits to the lunar and planetary data. Th e ephemeris used an equator and 

equinox of Bl95O.O. Being on a dynamical equinox this new ephemeris has a 

zero point co nsistent with the FK5 system, s ince the FK5 is attempting to 

adjust its zero point t o the dynamical equinox. See Standish (1983) for the 

orientation dif ferences between diffe rent JPL ephemerides. F.rrors i n the 
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ephemeris presently impose drift errors of no mor e tlrnr 0.1 r,1::./yr c, n ~j 'l':i.. and 

periodic errors due to the orientation of the 1 unar orbit plane with respect 

to the equator (William s , 1982) are expected to be less than 0.15 ms. The 

numerically integrated lunar physical librations that were used are designated 

LLB12. Utilizing the new I AU expressions, the dynamical equinox, and the 

weighted adjustment of the mean of the LLR value s of UTl to the BIH values 

gives t he geocentric cylindrical coordinates of the intersection of axes of 

the McDonald Observatory 2.7m telescope. 

Rs = 

>-. EAST = 

z = 

5 492 414.37 ± 0.11 m 

255.9780017 ± 0.00000040 ( ± 0.04 m) 

3 235 697.46 ± 0.19 m. 

The approach used here is to derive the Universal Time, UTl, from lunar 

laser data using an iterative procedure. The first stage begins with the BIH 

5 day smoothed values of UTl and polar motion on the 1979 system. Eighty­

s even earth-moon parameters (including variation of latitude corrections) are 

solved for simultaneously by a weighted least squares fit. For the second 

s tage, UTO corrections are obtained from the range residuals on 800 individual 

days. The final step involves taking the improved UTl and performing a new 

l ea s t squares solution. This final solution has a weighted rms residual of 

18.7 cm for the entire thirteen year data span. This is a 15% reduction from 

that reporte d previously (Dickey et al., 1982a). We find the range residual 

drops 10 cm whe n UTl from LLR was used as compared with those solutions done 

with the BIH circular D value. 

The daily decom positi on me thod (Stolz e t al., 1976; Harris and Williams, 

1977; Shel us et al., 197 7 ; Langley e t al., 198 1; Flie gel et al., 1982) relies 

on the fact that an error in th,., j ni tial value of U1'1 produces a nearly daily 

( 25 hour) signature in the range residuals, which is clearly separable from 

the effects of 1 unar motion. In analyzing the post fit residuals, we 

decompose the residuals rij (the 1th r~s idual on the jth day) from two or more 



- 1 9 -

o bservations of a single r efle ctor during onE-; (,u1 , .;;~riara t ed by a t l ea s ·i:. o.oi:.: 

days, to obtain weighted best fit values of the parameters A and B in the 

following expression: 

rij = Aj + Bj s i n Hij cos ij• 

He re, Bj is presumed to contain the correction to UTO, Hij is lunar hour 

angle, and 6ij is lunar declination. Aj reflect ::. three errors: the variation 

of la ti tude at McDonald, the effect of systematic ranging error, and model 

error. The parameter B j is a function of both the correction to the a priori 

value of UTl and the component of polar motion normal to the McDonald meridian 

(see Fliegel et al., 1982) . Although the set Bj arre strictly speaking 

corrections to UTO, we assume here that the values of BIH polar motion plus 

our corrections are accurate and treat Bj as estimates of corrections to UTl. 

The values of UTl and error estimates are calculated in three forms: the raw 

daily decomposition values, the Gaussian filtered values and the Fourier 

smoothed values (Dickey and Williams, 1983). Based on the comparisons of 

Dickey et al. (1982b) the expected error in BIH polar motion will result in 

average UTl-UTO errors of about 1/4 ms, but the last six years improve to 0.15 

ms. Tidal terms with periods of a month or less have been removed using k/C = 

0.94 (see Yoder et al., 1981). 

The corrections to t he BIil polar motion component which lies along the 

McDonald Observatory meridian is parameterized in terms of forty-one variables 

(Dickey and Williams, 1983). The observed correction to the variation of 

latitude <l> (LLR) - <l> (BIH) a t McDonald pri-:>r to 1975 is systematically higher 

than the later data and has seasonal signatures. We have modeled these 

e ffects by multi plying a smoothed s tep functi o n time s a constant plus a 

Four ier series with eleveen freq uenc ies. Throughout the entire data span, a 

series with nine frequenctes H1 considered. The latitude of McDonald and the 

zero of its variation of l a t itur..e are adjusted to the average BIH polar motion 

values since 1975. The uncertainties for this correction has been calculated. 

When comparing solutions obtained with and without the forty-one parameter 

polar motion correction, a 4 cm drop in the rms residual is seen. 
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Unific a tion of Celestial and Terrestrial Coor dinate Sy s t ems_ 

Modern Ephemerides (e.g. DE200/LE200), result from simultaneous 1 unar and 

planetary integrations based on joint fits of 20 years of planetary radar and 

spacecraft radio tracking, roughly a century of meridian circle observations, 

and 13 years of lunar laser ranging (LLR). These ephemerides provide a 

dynamically consistent reference system that is nearly inertial. Very 

accurate planetary mass values exist out through Saturn. The drift with 

respect to an inertial frame is no more than 0.1"/century in ecliptic 

longitude for the moon about earth (about 3 m/century on the earth's surface) 

during the past decade. The ecliptic latitudes are considerably more stable. 

The sidereal mean motion of the earth is known to +0.03"/century principally 

from radio tracking of Vikings at Mars. The ephemeris system is the key to 

placing the various coordinate frames used by artificial earth satellites, 

lunar laser ranging, planetary radar and radio tracking, and VLBI on a unified 

celestial coordinate system, which can be related to a unified terrestrial 

coordinate system. For rotation into a terrestrial frame, the obliquity of 

the ecliptic and the location of the equinox are required. This information 

comes most st:•ongly from the LLR data and i s accurate to better than 0.010" 

a nd 0.0 25" respectively. 

The dynamical equinox can be established as the fundamental zero point of 

r.he right ascension system. In DE200/LE200, the zero point of the inertial 

right ascension system has been aligned with the dynamical equinox at the few 

m illiarcsecond 1 eve 1, an order of magnitude better than s tar ca t alogs. This 
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is consistent with the FK5 equinox which also attempts to align to the 

dynamical equinox. The radio source catalog established by VLBI can be placed 

on this system via the technique of 6VLBI applied to gravitationally anchored 

planetary spacecraft and nearby quasars. /1.1. i.gnment of the artificial 

satellite and the unified frames would be achieved if the artificial satellite 

analyses are done with an accurate source of UTl from an inertial technique 

(LLR or VLBI) and if colocation is obtained with LLR stations or VLBI 

baselines. 

The transformation into terrestrial coordinates also requires accurate 

knowledge of the precession and nutation of the earth. Any error in the 

adopted precession constant will cause systematic errors in the derived UTl 

values which are technique dependent. In particular, there would be drifts 

between UTl derived from LLR or VLBI observations and that derived from 

classical astrometric observations. It is recommended that Greenwich mean 

sidereal time be defined as invariant with respect to a fixed equinox. This 

would eliminate the discontinuities in both the VLBI and the LLR derived 

terrestrial longitude system and UTl r ate that would accompany changes in the 

precession constant. Significant measurement of the principal term of the 

nutation (± 0.006) has already been reported. Rapid improvement in both 

parameters can be expected within the next few years as the linear and the 

18.6 yr signatures separate. 
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The ClS adopted by the Center Eor Space Research is the mean equator and 
equinox of 2000 . 0. This coordinate system is realized through the specified 
algorithms which relate the ClS and the CTS as well as the planetary 
e phemerides, all of which are consistent with the MERIT Standards. This 
realization is achieved without adjustment of parameters associated with the 
DE-200 ephemerides or the IAU precession/ nutation algorithms . 

Conventional Terrestrial System 

The origin of the CTS coincides with the origin of the CIS . Through the 
adoption of the MERIT Standard gravity field, GEM-L2, in which the terms (1,0) 
and (1,1) are zero, a necessary condition that the CTS origin coincides with 
the center of mass of the earth has been imposed. 

The z-axis of the CTS is defined by the adopted polar motion series which was 
computed at MIT using a combination of techniques (King, private 
communication, 1983). This series has been adjusted in the CSR 
application so that the mean pole position is coincident with the mean BIH pole 
position. The x and y axes lie ln the terrestrial equatorial plane, normal to 
the z-axis, so that a right-handed system is formed. Although the x-axis is 
direc ted toward the Greenwich meridian, the precise definition is dependent on 
the adopted UTl series. 

The UTl series used during the development of the tracking station coordinates 
was computed at MIT using a combination of different techniques including 
LLR, VLEI, and Lageos (King, private communication, 1983). Corrections for 
tidal variations have been applied fo r periods of less than 40 days in a 
manner that is consistent with the MERIT Standards. 

Tracking Station Coordinates 

The tracking s 1·ation coordinates obtained using the foregoing definitions of 
the CIS and the CTS are based on analysi s of seven years of Lageos laser range 
data. This solution, SSC (CSR) 83 Ll, was obtained using t he MERIT Standards 
with the followng excep tions: 1.) the ocean loading has not been included in 
the earth-tide model for station coordinates and 2.) a value of the degree three 

zonal harmonic derived from long-arc analyses was used instead of the GEM-L2 
value . As specified by the MERIT Standards , the C(2 ,l) and S(2,l) were also 
modified from the GEM-L2 values. Furthermore, it was assumed that the CTS of 
GEM-L2 coincided with the CTS used by the CSR as described in the previous 
section. Consequently, the z-axis of the gravity field is not generally 
coincident with the angular ve l ocity vector of the earth . 

To provide a refere nce me ridian in the tracking station solution, the survey 
l ocation of the SLR system at McDonald Observatory with respect to the LLR 
system has been used . This application imposes the same refe r e nce meridian as 
used for LLR analysis . 
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3. 6 Dopple r Tracking of Satellites 

3 . 6.1 The NWL 9Z-2 Coordin a te Sys te m 

Development of T erres trial Sys tem 

Doppler observations of Navy Navigation Satellites are used tc compute 

orbits, pole positions and UT-1 in a coordinate system identified as NWL 92-2 

(or NSWC 92-2). The system defined by the adopted coordinates of about 20 

observing stations which were originally determined in a general geodetic 

solution for station positions, gravity coefficients and various bias parameters 

(Seppelin, 1974) and subsequently r efined in two types of adjustments . The 

first ad jlstment was an attempt to bring the system into agreement with the 

CIO pole (Beuglass and Anderle, 1972), while the second type of adjustment 

consistes of iterations between orbit solution and station coordinate solution 

to remove inconsistencies in relative station coordinates (e.g.Anderle, 1975). 

Pole position is a parameter of each two-day orbit fit. 

Relationship of Terrestrial System~ Others: 

The original solution should have placed the origin at the center cf 

mass of the earth and the X-axis in alignment with the BIH conventional 

longitude origin. However, external tests make it appear that the origin 

is displaced a few meters toward the north pcl~ probably due t o model erro rs, 

and the X-axis to be r otated 0 '.' 8 frcm BIH origin due tc misinterpretation 

cf observatory correction in the original scluticn. The scale of the system 

was based en an earth's gravitational constant (with atmosphere) cf 

3 2 
398601 km /sec and was established inadvertently neglecting distance between 

antenna and center cf ~ass cf satellite. To correct for the an tenna offset 
3 ,, 

and tc a GM cf 398600.S K;n /sec~, the NWL92 scale should be reduced by 0.4 ppm. 
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After this ccrrecticn, Hothern (1979) reports agreement cf scale with 

ex t e r nal standards of 0.1 ppm and no significant offset in the orientation 

of the Z axis. However, he reported that 0.8 arcseconds should be added to 

the longitudes. Grappo (1980) found nc measurable origin errcr in the x, y plane 

by comparison between Doppler and gravimetric geoid heights, but found 4 m 

should be added tc the Z coordinates, in reasonable agreement with Hcthen1's 

(1979) comparison with Lagecs laser data. 

Relationship with Inertial System: 

Ephemerides are usually computed in a reference frame of the mean equator 

and equinox of 1950, using the precession, nutation series given the explana­

tory supplement of the American Ephemeris and Nautical Almanac. Values cf 

UT-1 are based on predictions made frcm BIH Circular D data. Discrepancies 

in predicted longitudes of the node on successive orbit fits are used to 

determine the rate of earth's rotation; since secular and long period errors 

are expected due to neglect of ocean tides and determination of origin is 

impossible, a five parameter fit is made to BIH and Doppler results each year 

fer origin, annual and semiannual ter:ns and results are referenced to the 

BIH five parameter function (Anderle, 1980). 

Other Constants: 

The JPL l unar/solar ephemeris DE 96 is used with earth/ moon and 

3 00 earth / sun ratios of 4.902796644 x 10 and 1.327125468 x 10 , respectively . 

(It is entered with UTC) . ) Nonzero values of s
2
l, c

21 
are used which are not 

physically ~eaningful, but in aggregate with other even degree first order 

terms give a geed representation of the effects of the earth's gravity field 

on the motion of the satellite. Contrary t c practice at some other agencies, 

the ea~th's potential i s ex?anded about the eart~'s spin axis , net tha Cl~ pcl~. 
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Solar radiation is based on an average constant determined as a parameter 

in several 8 or 16-day fits (Anderle, 1971), with a cylindrical represen­

tation of the earth's shadow. An atmospheric drag scaling factor for each 

day is a parameter of each orbit fit. It scales a time invariant density 

function where log density is hyperbolic, without horizontal gradients 

(O 'Toole, 1976), with the following constants: 

A• . 013620 

B • -8.3355 

C • .0001018 

D • 1.083 

E • 89.39 

Solid earth tides on the potential are based on a Leve number of 0 . 26 

with zero lag . Earth tides on stations and ocean and atmospheric tides 

are neglected. 
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4. CONNECTION OF REFERENCE FRAMES 

4.1 Colocated measurements (LLR, SLR, VLBI) 

The necessity to perform co-located observations is implied in the 
title selected for the overall activities (Monitoring of Earth Rotation and the 
INTERCOMPARISON OF TECHNIQUES) and was urged expressly in the 
summary report of the chairman of MERIT on behalf of the Joint Working 
Group on the Determination of the Rotation o: the Earth to Commissions 19 
and 31 of the IAU in 1979 (G.A. Wilkins, February 1979). Since that time 
the simulations performed for the COTES proposal recommend specific co­
locations as a foundation for various observing scenarios (COTES-proposal, 
Mueller et al 1982 pp. 26-28) . 

As a result of discussions held to date, the following co-locations 
are planned for the MERIT period, with those areas still in doubt shown in 
brackets : 

Crimea 

Fort Davis /McDonald Observatory 

Grasse 

Greenbelt /Maryland Point 

Haleakala 

Madrid 

Mojave 

Monument Peak 

Onsala 

Orroral /Tid 1Jin billa 

Plateville 

Quincy 

Wettzell 

LLR 

LLR 

LLR 

LLR 

LLR 

SLR 

SLR 

SLR 

SLR 

SLR 

SLR* 

SLR * 

SLR 

SLR* 

SLR 

SLR 

SLR 

SLR 

VLBI 

VLBI 

(VLBI) 

VLBI 

VLBI* 

VLBI 

(VLBI) 

VLBI* 

VLBI* 

VLBI 

* transportable systems to b e used for temporary co-colocation : SLR 's are 
expected to observe six to eight weeks, and the VLBI's one to two days. 

The problem of acquiring VLBI observations at Madrid are associated 
with providing an adequate feed-horn for the Deep Space Network antennae 
which will permit wide band S/X observations for the MK III system. Alterna­
tive solutions are under discussion but no final decision has been reached. 
It is not likely that these observations can take place before the last month 
of the campaign, but as there is no essential need to perform the laser 
ranging simultaneously this does not impact on the co-location plans. 
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Due to the distances involved between the observir g sites at Greenbelt 
and Maryland Point a connection is being observed with the GPS system. 
A similar request is being made for connecting the LLR/SLR site at Orroral 
with the radio telescope at Tidbinbilla. There is a line of sight connection from 
McDonald Observatory to the radio telescope at Fort Davis. 

4. 2 Other colocations at MERIT sites 

The use of portable Doppler receivers for point positioning at MERIT 
sites, in addition to fixed Doppler networks ( TRAN ET, MEDOC), is considered 
as an important issue . 

Doppler stations which will participate to MERIT can b e divided into : 

a) perm anent s tations of the ME DOC network, including some TR ANET 
stations, 4 French stations and other cooperative s tations. These 
stations have to fulfil specifications available from the MEDOC group . 

b) global Doppler campaign during the 3 months of the MERIT intensive 
campaign (April- June 1984), in colocation with 2nd and 3rd generation 
lasers ( SLR and LLR), and VLBI radio telescopes. Specifications will 
be distributed by the colocated Doppler Operational Center (CDOC). 

c) other Doppler campaigns partially colocated with MERIT sites (laser, 
VLBI, CERI, Doppler or astrometry), providing simultaneous obser­
vations, either before (e .g. EDOC-2, ERIDOC, WEDOC - 1. .. ), or 
during (e.g. WEDOC-2) the MERIT campaign (Sept. 83 - Oct. 84). 

d) Doppler observations at MERIT sites , providing lon g series of data 
( over one year) . 

e) other Doppler data at MERIT sites. 

The data flow is the following one 

- data from (a) are collected by the GRGS/Toulouse Operation Center during 
the MERIT campaign, processed regularly, archived and redistributed to 
the analysis centers for global dynamical sol utions. 

Two Designated Analysis Centers ( DAC) have been up to now identified 

- DMA 
- GRGS Toulouse 

Other DAC or Associate Analysis Centres (AAC) can be appointed later on 
by the coordinator for Doppler. 
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- data from (b) are collected by the CDOC (IGN, F), archived and redistri-
buted to AC which will process these data either by dyn;,mical or semi-dynamical 
mode. Among preliminary candidates as DAG or AAC, one can mention : 

- DMA or NSWC 
- GRGS/Toulouse 
- Observatoire Royal de Belgique 
- IGN, F 
- University of Nottingham 

- data from (c), (d) and (e) can be collected and archived by the CDOC. 
But specific AC have to be appointed . Only results have necessarily to be 
sent to the MERIT Coordination Center at BIH. 

It is understood that any data set r eleased to an OC will be freely 
available to any MERIT participant. 

Finally, one must comment about the usefulness of Doppler colocation 
with pure astrometric sites. 

Although the output information has not the same interest as for geome­
t ric positions (SLR, LLR, VLBI) the use of these data in c onjunction with a 
homogeneous data set of absolute deflections of vertical could provide a reaso­
nably significant value for trans formation between the astrometric system and 
the Doppler system. 

4.3 Colocation sites Geodetic Survey requirements 

Introduction 

The primary purpo se of "colocation" experiments is to collect a common 
set of measurements that can be " intercompared " to determine the systematic 
differences, in scale and orientation, among the various ob ser vational techni­
ques . While conceptually simple, in practice the colocation of two or more 
instrumental systems is not, in the strictest sense , even possible . The physical 
bodies of the instrument s do no t pe rmit the "reference po ints" of the instruments 
to be made coincident in space and time. It thus becomes necessary t o measure the 
coordinates of the r eference points in some well defined ref erence frame and 
r educe all of the measurements t o a common point . Obtaining unambiguous , 
blunder-free, hi gh accuracy measurements between the r eference points and the 
reference marks has proven to be a difficult task, and the lack of such informa­
tion has plagued the intercomparison studies . 
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I n orde r to achieve the highes t possible uniformity in the computa tions, 
documentation , and dissemination of the critical s urvey information, a ll 
surveys should be processed and adjusted through a corrnnon computer progr am . 
The program selected for this purpo se is HAVAGO , developed at the National 
Geodetic Survey and currently operational a t sever a l l ocat i ons, including 
NGS , Bonn Univers ity , and GRGS. The sponsoring or gani zation of each facility 
which wil l partic i pate in the MERIT campaign should arr ange to have a proper 
geodetic survey o f the faci lity, and submit the observa t ional data in proper 
f ormat to the Coordinating Center for process ing through HAVAGO . Guidelines 
concer ning the surveys, fo rmat s , and s ubmitta l schedules and procedures are 
presented below . 

Guidelines for Surveys 

A loca l geodetic survey must be performed at each colocat i on site. The 
complexity of a particular s urvey depend s on the acceptable uncertainties 
and the separations between the instruments . Some colocation sites , such as 
the Wettzell Observatory, may have several instruments within tens o f me ters 
of one another , while others, s uch as the McDonald-HRAS complex, may extend 
over distances of several kilometers. 

It is not the purpose o f this document to design detailed sur vey schemes 
for each co location site , but rather to provide goals , guidelines , and s ugges­
ted procedures to assist in planning and making the surveys which wil l make 
the r esu lt s as consistent (with regards t o documentation, reference frame, 
accurac i es) as possib l e . 

The precise "refe r ence point" of each instrument must be identified 
(e.g . , the intersection of the azimuth axis with the plane containing the 
elevation axi s of the Westford Radiotelescope) in writing and on a s imple 
sketch , see Carter et a l (79). A "primary r eference mark" must be designated 
at each site. The location of the primary r efer ence mark should be se l ected 
to provide the best possible accuracy of the geodet i c ties to the r eference 
points, ease of access , stability, and permanence of the mark . 

The survey should be designed to achieve the most accurate determination 
of all three components , t.x , 6y , 6 z , of t he offsets of each reference point 
to the primar y r eference mark. For sites of limi t ed extent , the goal should 
be to determine 6x, 6y , 6z to better than ± 5 mm . At more extended sites , a 
well des igned and executed survey should be able to achieve± 0.5 to ± 1.0 cm 
per kilometer, depending on the terrain, cl i ma t e , and r esources available. 
See for example Carte r e t al ( 79) . The x, y , z values should be ob t ained i n 
a coo rdinate sys t em defined by the FK-4 Fundamental Star Catalog, and referred 
to the pole and or igin of l ongitude using polar coor dinates, a nd time informa­
tion published by the Bu r eau International de l'Heure . 
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The final output of the survey should be the 3- dimensional ,6 x,6 y, 
6 z, differences in locations between the "primary" mark and the instrumen­
tal reference points. 

The individual observations which determine astrometric latitude, longi­
tude, azimuth, zenith distances, lengths , etc., should be edited to eliminate 
outliers , and the means and standard error s computed . We caution that no 
corrections should be made to reduce any of the measurements to the ellipsoid 
- the actual observed values at each survey station are the required data . 

Submittal of Survey Data 

The data should be punched on standard 80 column data cards in the RAVAGO 
formats, as detailed in Appendix 2. The data deck, along with the 
supporting sketches and descriptive information should be submitted to the 
MERIT Coordinating Centre , attention : Martine FEISSEL, BI R, 61 Av. de 
l ' 0bservatoire , F75014 Paris, preferably prior to December 1, 1983. 
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4.4 . Intensive period of observations 

A r eques t made in the COTES prop osal foresees a 3-month period of 
inten s ive observations with the objectives of d e t ecting short period variat ion s 
of the derived pole positions and s hort term variations of tne rotation rate. 
Whereas the latter may be primarily associated with forces acting on the earth 
(e.g. changes in the mass distribution of the earth and atmosphere) the former 
may help to point out any misorientation of the CIS' s or error s in the models 
adopted for precession and nutation. 

The int ensive observation campaign has been scheduled for all syst ems 
for the period April 1 - June 30 , 1984 . For those systems unable to operate 
intensively for the full 3-mon th period the month of May has been selected for 
the con centrated e ffort . For this time it will b e desirable to provide 3 tracks/ 
day /site for SLR and 4-5 hours of lunar / trac kin g /day. The VLBI network p lan s 
to operate daily during this period. 

Finally, special attention should be given to maintaining week-end 
coverage throughout the p e riod of the intensive campaign . 

4 . 5 . Da ta collec tion and treatment 

At the end of the campaign , the data r educ tion for the connection of 
the terrestrial system s defined by the different networks par t icipating in the 
MERIT Campaign will be performed in two s t eps . 

In the first step, the coordinates of all the station s in a network are 
adjusted by the Computing Centres which compute the ERP from observations 
with a given technique. T hese centres will trans mit to the Coordinating Cent r e 
t h e list of s tation coordinates, together with all r elevant information on their 
derivation. 

The second step is performed at the Coordinating Centre, where the 
r elationships between the differ e nt terrestrial systems defined for the different 
networks and t echniques are evaluated , and where coor dinates r eferred to a 
unique terrestrial system are determined for all the station s present in t h e 
individual network adjustment s. The data requested by the Coordinating Centre 
are as follows. 

1 - Stations description : for all stations included in the adjustment(s), the in­
formation necessary to update the Directory of MERIT Stations , (DOMES) 
described in Appendix 4 , according to the recommendations of section 4 . 3. 

2 - For each separate global n etwork adjustment : 

name of the Set of Stat ion Coordinates ( SSC) accordin g to the naming 
rule s of Appendix 3 , and dates of the period of adjustment, 

name of the relevant series of ERP, according to the naming rules of 
Appendix 3, 

list of stations with derived coordinates ( see Appendix 4) . 
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Appendix 1 : RADI O SOURCES POSITIONS 

The extragalactic radio sources used for geodetic VLBI observations 
genera lly hav e finite angular s i ze, with complex, time varying, and 
wavelength dependent brightness distributions. The "effective coordinates" 
of the sources are therefore dependent, at the milliarcsecond level, on the 
configuration of the VLBI observing network, the observing frequencies , the 
temporal distribution of the observations, and other factors. Since the 
comprehensive catalogues and source structure maps which would allow the 
effective coordinates of the sources to be computed at the precise epoch of 
each observation are not available, and since the observation errors ar e 
not far below the milliarcsecond level, the practice is to include the 
source coordinates in the parameters to be estimated in the least squares 
solution performed to obtain the geodetic parameters. The resulting source 
position catalogues are not universally applicable and therefore it would 
not, at the present sta t e-of-the-art, be useful to adopt a standard VLBI 
source catalogue. However, researchers may find it useful (for use as a 
pn.or1 values and for intercomparisons) to have the current best fitting 
source coordinates from ongoing observing programs. 

Table 1 lists source positions derived at the National Geodetic Survey 
from observations collected during the MERIT short campaign and under 
project POLARIS, from September 9, 1980, through December 21, 1982. The 
nominal observing wavelength was 3.8 cm, although observations were made at 
13 cm for ionosphere corrections only. The reference source, 3 C 273 B, 
has been used to fix the zero point of the right ascension of this catalog. 
The adopted right ascension of 3 C 273 B is 12h29m6s.6997. For more 
detailed information, see Robertson and Carter (1982a, 1982b). 

Table 2 lists the JPL 1983-2 catalog which includes 104 extragalactic 
radio sources and is based on a single multiparameter fit to approximately 
2400 VLBI observations extending from August 1971 to February 1980. To 
match the definition currently used by other VLBI groups, the value 
12 h 29 m 06s .6997 was also adopted in this work for the right ascension of 
the reference source, 3C 273 B. This approach is a temporary convenience 
until alignment with the celestial reference frame defined by the 
DE200/LE200 ephemeris system is completed. For alignment of the axes of 
the earth-fixed frame with the CIO frame, a preliminary fit minimizes, over 
the span of the observations, therms deviation of interferometrically 
measur ed UT! and polar motion from BIH published values. In subsequent 
fits, the UT/PM solve-for values obtained in this fit for two strong ses­
sions (reference days : -1979/12/20-21) are assigned as exactly known 
quantities. 'With this approach, subsequent UT/PM values and the axes of 
the earth-fixed frame are aligned on average with the conventional 
definitions in the best way provided by the data in band. To prevent a 
singularity in the fit, the DSS-14 station coordinates (Goldstone, 
California) were held fixed at the values derived from spacecraft tracking 
(JPL station locations set LSlllA). Thirteen of the s ources solved for in 
the multiparameter fit ar e not included in this short version of the JPL 
1983-2 catalog, either because the measurements were made solely on short 
baselines, or were judged to have inadequate redundancy. For furth e r 
details see TDA_Progress_Re£Ort 42-73, to be dated May 15, 1983; "Radio 
Interferometric Determination of Source Positions, Intercontinental 
Baselines, and Earth Orientation 'With Deep Space Network Antennas - 1971 to 
1980," by J . B. Thomas, O. J. Sovers, J. L. Fanselow, E. J. Cohen, G. H. 
Purcell, Jr., D. H. Rogstad, L. J. Skjerve, D. J. Spitzmasser. 
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Appe ndix 1 TABLE 1 - NGS RADIO SOURCE CATALOG 

(Formal) (Formal) 
Source Rt. Ase. Sigma Declination Sigma 

h m s s d m s s 
0106+013 , 8 38. 7710 0.00002 1 35 0.325 0.0009 
0212+735 2 17 30.8134 0.00005 73 49 32.623 0.0002 
022ll+671 2 28 50.0517 0.00004 67 21 3.031 0.0002 
0234+285 2 37 52 .4057 0.00002 28 48 8.992 0.0003 
0235+164 2 38 38.9300 0.00002 16 36 59.280 0.0006 
0355+508 3 59 29.7473 0.00002 50 57 50.163 0.0001 
0552+398 5 55 30.8057 0.00002 39 48 49.166 0.0002 
07ll2+103 7 45 33.0596 0.00009 10 11 12. 6 87 0.0026 
0851+202 8 5ll 48.8749 0.00002 20 6 30.640 0.0004 
0923+392 9 27 3.0138 0.00002 39 2 20.851 0.0002 
1226+023 12 29 6. 6 997 2 3 8.597 0.0009 
1ll04+286 14 7 0.39ll2 0.00002 28 27 14 .689 0.0003 
1637+574 16 38 13 .4561 0.00003 57 20 23.981 0.0002 
16ll2+6 90 16 42 7. 84 81 0.00003 68 56 39.757 0.0002 
1641+399 16 42 58.8098 0.00002 39 l!8 36-996 0.0002 
1928+738 1 9 27 4 8. 4 94 5 0.0001ll 73 58 1.573 0.0009 
2134+004 21 36 38.5861 0.00002 0 ll 1 54 .222 0.0010 
2200+420 22 2 43.2912 0.00002 42 16 39-984 0.0002 
2251+158 22 53 57-7478 0.00002 16 8 53-566 0.0005 
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Appendix 1 TABLE 2 - JPL 1983-2 RADIO SO URCE CATALOGUE (J2000 . 0) 

---------------------------------------------------------------------------------
IAU Common Av er•gr Right •1crn1ion Declination 
n•mr name obs wpo ch h m • Error ( 0 ) d m s Er,·or ( 0) 

----------------------------------------------~-----------------------------------
0008-264 p 0008-264 1980. 05 0 1 l 1. 24747 0 00039 -26 12 33 3891 0 . 0053 
0104-408 p 0104-408 1979. 43 1 6 45 10824 0 . 00023 -40 34 19. 9640 0.0035 
0106+013 p 0106+01 1978. 39 1 8 38 77105 0 . 00011 1 35 0 . 3174 0 0026 
0111+021 p 0111+021 1980. 04 1 13 43 14505 o. 00168 2 22 17. 3155 0 . 0254 
0113-118 p 0113-118 1978. 85 1 16 12. 52214 0 . 00067 -11 36 15. 4375 0 . 0103 
0133+476 DA 55 1979. 14 1 36 58 59495 0 . 00018 47 51 29. 1053 0 . 0013 
020 2+149 p 0202+14 1980 02 2 4 50 41405 0 . 00012 15 14 11 0461 0 0024 
0224+671 ow 0224+67 1977 48 2 28 50 0 5199 0 . 00032 67 21 3 0339 0 0019 
0234-+285 CTD 2 0 1960 02 ., 

C. 37 52 . 4 0585 0 00014 28 48 8 9942 0 0021 
0235+164 cc 0235+16 1980 . 04 2 38 38. 93026 0 . 00012 16 36 59 . 2 767 0 0023 
0300+470 OE 400 1978. 39 3 3 35. 24246 0 . 00024 47 16 16. 2831 0 0019 
0316+413 3C 84 1978. 72 3 19 48. 16043 0 . 00019 41 30 42 1074 0 . 0019 
0 332-403 p 0332-403 1977 . 84 3 34 13. 65384 0 . 00037 -40 8 25. 3969 0 . 0044 

0333+321 NRA• 140 1977. 61 3 36 30. 10794 0 . 00016 32 18 29. 3448 0 001 7 

0336-019 CTA 26 1979. 52 3 39 30. 93773 0 . 00013 -1 46 35. 8 004 0 . 0 029 
0355•508 NRAO 150 1978 '60 3 59 29. 74801 0 00026 50 57 50. 1688 0 0022 

0402-362 p 0402-362 1978 07 4 3 53. 74941 0 . 00044 -36 5 1. 9132 0 . 0054 

0406+121 cc 0406+12 1980 . 03 4 9 22 00860 0 . 00014 12 17 39. 8426 0 . 0055 
0420-014 p 0420-01 1977. 97 4 23 l 5 8 0052 0 . 00020 -1 20 33 064 2 0 . 0037 
0420 +417 VRO 41 . 04 . 01 1979. 72 4 23 56. 01004 0 . 00026 41 50 2 7185 0 . 0033 

0430 +052 3C 120 1977. 28 4 33 11 . 09592 0 00025 5 21 15. 6142 0 0040 

043 4-188 p 0434-188 1980 . 02 4 37 1. 48289 0 . 00057 -18 44 48. 6198 0 0086 
0438-436 p 0438-43 1977. 87 4 40 17. 17941 0 . 00033 -43 33 8 . 6054 0 . 0040 

0440-003 NRAO 190 1976. 36 4 42 38 66089 0 . 00051 -o 17 43. 424 3 0 0080 

0451-282 p 0451-28 1980. 02 4 53 14. 64585 0 . 00048 -28 7 37. 3195 0 0062 
0528+134 p 0528+134 1980. 03 5 30 56. 41692 0 . 00012 13 31 55. 150 1 0 . 0022 

0537-441 p 0537-441 1978. 46 5 38 50 36073 0 . 00028 -44 5 8 . 9386 0 . 0037 

0552+398 DA 193 1977 . 55 5 55 3 0 . 80616 0 . 0 0022 39 48 49 . 1667 0 . 0019 

0605-085 p 0605-08 1978. 96 6 7 59 . 69940 0 . 00070 -8 34 49 . 9881 0 0100 

0607-157 p 0607-15 1978 52 6 9 40. 94952 0 . 00025 -15 42 40. 6778 0 . 0044 

0723-008 ow 0723-00 1979. 99 7 25 50. 63977 0 . 00020 -0 54 56 5434 0 . 0038 

0727-115 p 0727-11 1977 93 7 30 19. 11287 0 . 0 0024 -11 41 12. 6140 0 . 0043 

0735+178 p 0735+17 1977. 85 7 38 7 . 39401 0 . 00022 17 42 18. 9934 0 . 0036 

0738+313 DI 363 1977 . 01 7 41 10. 70377 0 00043 31 12 0 . 2264 0 . 0054 

0742+103 OW 0742+10 1978 21 7 45 33. 05953 0 . 00013 10 1 1 12. 6897 0 . 0023 

0748+126 p 0748-+126 1980. 00 7 50 52. 0 4562 0 . 00017 12 31 4 . 8 2 63 0 . 0 031 

081-l-+425 OJ 425 1977 . 83 8 18 16 00000 0 . 00023 42 22 45 4144 0 . 0018 

0823-+033 p 0823-+033 1980 01 8 25 50. 33852 0 . 00018 3 9 24 . 5130 0 . 0033 

0827 +243 132 0827+24 197 9 . 76 8 30 52 . 08663 0 . 000 34 :24 10 59. 8 105 0 . 0044 

0836+710 4C 71 . 07 197 9 . 64 8 41 24. 36807 0 . 00043 70 53 4 2 1772 0 . 0020 

0851+202 OJ :287 1978 04 8 54 48 87506 0 . 00013 20 6 3 0 . 6363 0 0018 

0859-140 p 0859-14 1977 . 80 9 2 16. 830 76 0 . 00081 -14 15 30 8847 0 0123 

0859+470 OJ 499 1977 . 92 9 3 3 99136 0 00076 46 51 4 . 1266 0 . 0051 

0923-+392 4C 39. 25 1978 52 9 27 3 . 01394 0 00013 39 2 20 8497 0 . 0012 

0952+179 AO 0952+17 1979. 98 9 54 56. 82357 0 00078 17 43 31 2228 0 . 0126 

100 4+141 cc 1004+14 1980 01 10 7 41 . 49848 0 . 0004 7 13 56 29 . 591 l 0 . 0063 

1034-293 p 1034-293 1980. 00 10 37 16. 07921 0 . 00030 -29 34 2 8183 0 . 0042 

1038+064 OL 064 . 5 1980. 01 10 41 17. 16237 0 . 00020 6 10 16. 9 2 18 0 . 0382 

1040 -+123 3C 245 1980 03 10 4 2 44 6 0596 0 . 00036 12 3 31 . 2536 0 . 0049 

1055+018 p 1055-+01 1 "179. 73 10 58 29. 6 0 :516 0 . 00011 1 33 58 81 7 4 0 . 0025 

1104-445 p l 104-445 l "177. 74 11 7 8 69332 0 . 00047 -44 49 7 . 6227 0 0047 

1111+149 cc 1111+14 1980. 03 11 13 58 69532 0 00048 14 42 26. 9449 0 . 006 1 

---------------------------------------------------------------------------------



A 4 

Appendix 1 TABLE 2 (continued) 

---------------------------------------------------------------------------------
IAU Common Av•r•g• Right •11cttn11ion D•clination 
n•m• n•me ob 11 . ttpoch h m • Error ( 0 ) d II\ 11 Error ( 0 ) 

---------------------------------------------------------------------------------
l I 23+264 p 1123+26 1980. 02 11 25 53 . 71196 0 . 00019 26 10 19. 9738 0.0023 
1127-145 p 1127-14 1978. 70 11 30 7 . 05233 0 . 00016 -14 49 27. 3941 0 . 0033 
1144-379 p 1144-379 1978. 73 11 47 1. 37021 0 . 00022 -38 12 11. 0305 0 . 003 4 
1148-001 p 1148-00 1978. 09 11 50 43. 87056 0 00040 -o 23 54. 2102 0 . 0064 
1222+037 p 1222+037 1980. 03 12 24 52. 42221 0 . 00021 3 30 50. 2808 0 . 0038 
1226+023 3C 273 1978. 62 12 29 6 . 6997 0 2 3 8 5914 0 . 0 025 
1228+126 JC 274 1980 . 04 12 3 0 49. 42342 0 . 0 0 031 12 23 28. 0376 0 004 3 
1244-255 p 1244-255 1980 . 02 12 46 46. 80184 0 . 0 0 025 -25 47 49. 2957 0 0037 
1253-055 JC 279 1978. 24 12 56 11. 16647 0 . 000 38 -5 47 21 . 5321 0 . 0 0 6 3 

1308+326 32 130 8+32 1980. 02 13 10 28. 66381 0 . 0 00 13 32 20 43. 7788 0 . 0 0 15 
1313-333 OP-322 1978. 15 13 16 7 . 98528 0 . 0 0031 -33 38 59. 1782 0 . 0 0 41 
1334-127 ow 1335-12 1977. 96 13 37 39. 78288 0 . 0 0 028 -12 57 24. 7031 0 . 0 0 43 
1342+663 GC 1342+663 1980. 12 13 44 8 . 67956 0 . 00053 66 6 11. 6365 0 . 002 5 
1354+195 p 1354+19 1980. 02 13 57 4 . 43660 0 . 00017 19 19 7 . 3665 0 . 0 027 
1418+546 GC 1418+54 1980. 13 14 19 46 . 59754 0 . 00019 54 23 14. 7823 0 . 0015 
1430-178 00-151 1980 . 05 14 32 57. 68946 0 . 00054 -18 1 35. 2438 0 . 0080 
1502+106 OR 103 1979. 35 15 4 ;!4. 97966 0 . 00011 10 :i?9 39. 1945 0 . 0023 
1510-089 p 1510-08 1978. 18 15 12 50. 53332 0 . 00051 -9 5 59. 8409 0 . 0079 
1519-273 p 1519- 273 1980 . 03 15 22 37. 6 7 552 0 . 00022 -27 30 10. 7889 0 . 0 035 
1555+001 DW 1555+00 1976. 86 15 57 51. 43418 0 . 000 33 -o 1 50. 420 3 0 . 0052 
1611+343 DA 40 6 1977. 37 16 13 41 0 6 409 0 . 00025 34 12 47. 9082 0 . 0026 
1633+382 GC 1633+38 1980. 04 16 35 15. 49283 0 . 000 13 38 8 4 4985 0 . 0 0 13 
1638+398 NRAO 51;! 197 9 . 50 16 40 29 63258 0 . 00015 39 46 46. 0278 0 . 0014 
1641+399 3C 345 1978. 28 16 42 58. 80983 0 . 00013 39 48 36. 9928 0 . 001 2 
1656+053 ow 1656 +05 1978 . 85 16 58 33. 44733 0 00061 5 15 16. 4383 0 . 0093 
1717+178 GC 1717•17 1980. 07 17 19 13. 04837 0 . 00022 17 45 6 . 4352 O. P037 
1730-130 NRAO 530 1979 13 17 33 2 . 70553 0 . 00018 -13 4 49. 5460 0 . -0038 
1738+476 OT 465 1978 . 70 17 39 57. 12566 0 . 00078 47 37 58. 3 7 68 0 . 0 0 4 5 
17 41-038 p 1741-038 1977. 44 17 43 58. 8567 6 0 . 00027 -3 50 4 . 6252 0 . 0 0 46 
1749+701 1749+70 1 1979. 45 17 48 32. 83875 0 . 00060 70 5 50. 7750 0 . 0032 
1807+698 3C 371 1978. 96 18 6 50. 6797 1 0 . 00026 69 49 28 1088 0 . 001 0 
1821+107 p 1821+10 1980. 06 18 24 2 . 8552 4 0 . 00013 10 44 23. 7698 0 . 0 0 4 8 
1921-293 OV-236 1978. 47 19 24 51 . 05564 0 . 00044 -29 14 30. 1133 0 . 0 0 55 
]933-400 p 1933-400 1979. 86 19 37 16. 21675 0 . 00059 -39 58 1. 5528 0 . 0061 
1958-179 OV-198 1979. 30 20 0 57. 09073 0 . 00037 -17 48 57. 6761 0 . 005 5 
2021+614 ow 637 1978. 47 20 :i?2 6 . 68158 0 . 00095 61 36 58. 8193 0 . 005 5 
2029+547 ow 551 1980. 02 20 31 47. 95842 0 . 00040 54 55 3 . 1495 0 . 0 0 3 7 
2030+121 p 2029+121 1980 . 06 20 31 54. 99410 0 . 00019 12 19 41. 343 6 0 . 0 0 3 4 
211 3 +293 B2 2ll3+29B 197 9 . 83 21 15 29 41343 0 .00 0 15 2 9 33 38. 3 663 0 0 024 
2134+004 p 213'1+004 1977. 17 21 36 38. 58616 0 . 0001 7 0 41 54 . 2150 0 . 0038 
2145+067 p 214 5+0 6 1978. 52 21 48 5 . 4585 3 0 . 00011 6 5 7 38 6057 0 . 0023 
2149+056 DX 0 82 1980 . 06 21 51 37. 8 7 530 0 . 000 17 5 5 2 12 9 556 0 0034 
2155-152 DX-192 1978. 66 21 58 6 . 28154 0 . 00072 -15 1 9 . 3263 0 . 0 109 
2200+420 VRD 42. 2 2 01 1978 . 05 22 2 43. 291 2 5 0 . 00016 42 16 39. 983 9 0 . 0014 
2230+114 CTA 102 1978 . 45 22 32 36. 40897 0 . 0 0050 l l 4 3 50. 9052 0 . 0068 
2234+282 GC 223 4+28 1980 . 04 22 36 22. 47076 0 . 0 0013 28 2 8 57. 4168 0 . 0018 
2243- 123 DY-172. 6 1979. 27 2 2 46 18. 23184 0 . 0 0014 -12 6 51 . 2 7 64 0 . 0 033 
2245-328 p 224 5-328 197 9 . 55 2 2 48 38 68551 0 . 0 0024 -32 3 5 52. 186 1 0 . 0 0 3 6 
225 1+158 3C 4 54 . 3 1977. 56 2 2 53 5 7 . 7 4 779 0 . 00015 16 8 53. 5658 0 0027 
2253+417 GC 2 2 53+41 1980 . 11 22 55 36. 70799 0 . 000 19 42 2 52 . 5370 0 . 0030 
2320- 035 p 2320-035 1980 . 00 23 23 31. 95363 0 . 00021 -3 17 5 . 0216 0 . 0044 
2345-167 p 234 5- 16 1977. 98 23 48 2 . 6 0846 0 . 0 003 5 -16 31 12. 0233 0 0052 

---------------------------------------------------------------------------------



Appendix 2 : THE HA VAGO FORMATS (Local geode tic s urv ey) 

l. TITLE CARDS. THESE ARE FOLLOWED BY A CARD WITH AN AS TERISK IN CC l . 

2 . OPTION CARDS. 

A 5 

l 2 3 4 5 6 7 8 
12345678901234567890123456789012345678901234567890123456789012345678901234567890 
INTERNATIONAL 6378388 . 297. -100.l 200.2 300.3 - .1 .3 .5 2.3 

EQUATORIAL RADIUS, RECIPROCAL OF FLATTEIIING AHD TRANSFORMATIO N PARAMETERS 
C3 TRAN SLATIONS,'METERS; 3 ROTATION ANGLES, SECONDS; & SCALE CORRECTION, PPM) . 
IF ELLIPSOID PARAMETERS ARE LEFT BLANK, THEY WILL BE SET TO CLARKE 1866 VALUES. 

l 2 3 4 5 6 7 8 
12345678901234567890123456789012345678901234567890123456789012345678901234567890 

( FL AG S ST AR TI ti G IH CC 2 5 ) 

l IH CC 25 DENOTES THAT SEVERAL STANDPOINTS ARE PERMITTED IN A GROUP OF 
RELATIVE DISTANCES. 

A DIGIT IN CC 26 DENOTES THAT AVERAGE SCALE IS TO BE DETERMINED FROM RELATIVE 
DISTANCES. 1110 OF THIS IS A PRIORI STAl,:OARD ERROR IH PPM . . 

l IN CC 27 DEtlOTES THAT ALL ANGLES WILL BE ASSIGtlED A COMMON REFRACTION UHKtlOWtl, 
OVERRIDING ALL GROUP NUMBERS OH THE CARDS. 

l IN CC 30 SUPPRESSES COEFFICIENT OF REFRACTIO N CORRECTIONS TO GROUPED VERTICAL 
AtlGLES. 

A DIGIT IN CC 31 DESIGNATES THE MA XIMUM HUMBER OF ITERATIONS. IF LEFT 
BLANK, IT WILL BE SET TO 3. 

A DIGIT IH CC 78 REQUESTS REORDERING OF UNKNOWNS . 
A DIGIT IN CC 79 DENOTES THAT ALL ASTRONOMIC COORDitlATES WIL L BE HELD FIXED 

AND THEIR UNKNOWNS OMITTED. 
COLUMH 80 IS USED TO REQUEST ItlFORMATION ABOUT THE STRUCTURE OF THE MATRIX OF 

UtlKtlOWtlS. 1 WILL GIVE A REORDER MESSAGE WITH NUMBER OF ELEMEHTS BEFORE 
AND AFTER REORDE RitlG . 2 WILL ALSO LIST THE UNCONNECTED COMPOtlEtlTS OF THE 
MATRIX. 3 WILL GIVE ALL OF THE ABOVE AND A LISlING OF UNKNOWNS IH THE 
ORIGINAL AND IN THE NEW ORDER. 

3. STATION DATA CARDS. 2 CARDS PER STATION. 
1 2 3 4 5 6 7 8 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 
34-30121212345-175121212345 1234.123.005.004.051STODDARD PITCHER MOUNTAIN 1871 

1 
2 
3 
4 

1 2 3 4 
STATION HUMBER, RIGHT JUSTIFIED. 
PRELIMINARY GEODET IC LATITUDE. 
PRELIMINARY GEODETIC LONGITUDE. 
PRELIMINARY GEODETIC HEIGHT. 

5 6 7 STATION NAME 

5, 6, 7 GEODETIC LATITUDE, LONGITUDE, AHO HEIGHT CONSTRAINTS, IN METERS. IF ANY IS 
BLAHK AHO THE CORRESPONDitlG COLUMN Otl NEXT CARD (42,43,0R 44) CONTAINS 1, 
THE STANDARD ERROR WILL BE SET TO 1 MM . 

1 2 3 4 5 6 7 8 
12345678g01234567890123456789012345678901234567890123 4567 89012345678901234567890 

34-30121212 .3 -175121212 .4 131.5 111-6378206 . 123 1234567.123 7654321 . 123 
. . .. - ..... . .. ---.--------- .. . ELEVATION ............ ----------- - .... . .. . .. . . 

l 
2 
3 

4 
5 

6 

1 2 3 4 5 6 7 8 9 
STATION HUMBER, RIGHT JUSTIFIED . 
ASTRONOMIC LATITUDE . IF NOT OBSERVED, NORMALLY BLANK. 
ASTRONOMIC LATITUDE CONSTRAINT, SECONDS. IF BLA NK AHO ASTRO LATITUDE 
HOT BLAtlK, THE STANDARD ERROR ~JILL BE SET TO 0.01 SEC. 
ASTROtlOMIC LONGITUD E. IF HOT OBSERVED, NO RMALLY BLANK. 
ASTRONOMIC LONGITUDE COtlSTRAIHT, SECONDS. IF BLANK AND ASTRO LONGITUDE 
HOT BLAllK, THE STANDARD ERROR WILL BE SET TO 0.01 SEC. 
GEODETIC LATITUDE, LOllGITUDE, AtlD HEIGHT CONSTRAINT CODES. BLANK FOR A 
FREE PARAMETER, 1 FOR A CONSTRAINED PARAMETER. 

7,8,9 X, Y, Z IH AH EQUATORIAL SYSTEM. USE OIILY IF LATITUDE, LONGITUDE AND 
HEIGHT ARE NOT GIVEN. 

THE LAST CARD OF THIS SECTION MUST CONTAIH A NEGATIVE .DIGIT IN CC 1-4. 

4. ERROR OPTION CARD. DEFAULT STANDARD ERROR VALUES WHICH I.JILL BE USED IF 
AN OBSERVATION HAS A BLANK STANDARD ERROR. 

DIRECTION: 1-3 MILLIMETERS, 4-6 SECOtlDS. 
AZIMUTH: 7-9 MILLIMETERS, 10-12 SECONDS. 
RECI PROCAL VERTICAL AtlGLE: 13-15 MILLIMETERS , 16-18 SECONDS. 
GROUPED VE RTIC AL AHGLE: 19-21 MILLIMETERS, 22-24 SECOMDS. 
ABSOLUTE DISTANCE: 25-27 MILLIMETERS, 28-30 PPM. 
RELATIVE DISTANCE: 31-33 MILLIMETERS, 34-36 PPM. 

CC 37-41 ARE USED FOR IIIPUT OF AH ASSUMED VALUE OF COEFFICIENT OF REFRACTION 
GRADIENT PER 1000 METERS OF DOWNWARD CHANGE IN ELEVATION, FOR USE WITH 
GROUPED VERTICAL AHGLES. IF LEFT BLAtlK , THIS WILL BE SET TO 0 . 01 . 

* IN CC 80 DENOTES AH OBSERVATION THAT IS TO BE REJECTED. 
II rn r.r. RO nFtlOTFS AH OBS ERVATI • ll THAT IS T B DEI.JE GHTFD. 
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5. DIRECTIOHS . 
1 2 3 4 5 6 7 8 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 
431 255 3 359 59 55.56 1 .. 7 

FROM TO DIRECTIOH STAHDARD ERROR CMM AHO SECOHDSJ COMMEHTS 

LIST HUMBER IH 9-10, RIGHT JUSTIFIED. 
DIRECTIOHS MAY BE GIVEH IH AHY ORDER i,JITliIH A LIST. 

TH.E LAST CARD OF THIS SECTIOH MUST HAVE A HEGATIVE DIGIT IH CC 1-4. 

6. ASTROHOMIC AZIMUTHS. FORMAT THE SAME AS FO~ DIRECTIOHS, EXCEPT THAT LIST 
HUMBER IS LEFT BLAHK. 
THE LAST CARD OF THIS SECTIOH MUST HAVE A HEGATIVE DIGIT IH CC 1-4. 

7. RECIPROCAL VERTICAL AHGLES. ONE CARD PER PAIR. 
1 2 3 4 · 5 6 7 8 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 
431 222 101 12 12.25 .5 .3 3.123 4.222 89 12 53.24 .5 . 3 2.335 5.127 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 STAHDPOIHT . 
2 FOREPOIHT. 
3-5 ZEHITH DISTAHCE. 
1 STAHDARD ERROR, MILLIMETERS. 
7 STAHDARD ERROR, SECOHDS. 
8 HEIGHT OF THEODOLITE. 
9 HEIGHT OF TARGET. 
10-16 CORRESPOHD TO 3-9 IH OPPOSITE DIRECTIOH . AHYTHIHG IH CC 77-80. 
THE LAST CARD OF THIS SECTIOll ~IUST HAVE A t~EGATIVE DIGIT 1H CC 1-4. 

8. GROUPED VERTICAL ANGLES. 
1 2 3 4 5 6 7 8 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 
835 45 3 89 12 12 . 565.5 . 3 20.125 6.512 .12 .15 

1 2 3 4 

l STAHDPOIHT. 
2 FOREPOIHT . 

------­. . ..... 
5 6 7 8 

. .................. . 
9 10 COMMENTS 

3 LIST HUMBER. AHGLES MEASURED FROM SEVERAL STAHDPOIHTS MAY BE 
ASSIGNED THE SAME HUMBER. 

4 ZEHITH DISTANCE. 
5 STAHDARD ERROR, MILLIMETERS. 
6 S TAlll)ARD ERROR, SECONDS. 
7 HEIGHT OF THEODOLITE. 
8 HEIGIIT OF TARGET . 
9 KAT THE STAHDPOIHT. 

10 KAT THE FOREPOIHT . 

THE K VALUES MUST BE GIVEH FOR ALL LIHES OF A GROUP OR FOR HOHE. 
LIST HUMBER -1 DEHOTES A GROUP OF OBSERVATIOHS FOR WHICH THE REFRACTIOH 
UHKtlOWH WILL BE SET TO ZERO. 
THE LAST CARD OF THIS SECTION MUST HAVE A HEGATIVE DIGIT IH CC 1-4. 
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9. ABSOLUTE DISTAHCES. 
1 2 3 4 5 6 7 8 

12345678901234567890123456789012345678901234567890123456789012345678 9012 3456 78 9 0 
55 710 12345.6789 5.1.5 3.126 10.5]6 

1 2 3 4 5 6 7 COMME HTS 

1 STANDPOIHT. 
2 FOREPOIHT. 
3 MEASURED SLOPE DISTAHCE. 
4 STANDARD ERROR, MILLIMETERS. 
5 STAHDARD ERRO R, PPM. 
6 HEIGHT OF IHSTRUMENT. 
7 HEIGHT OF TARGET. 
THE LAST CARD OF THIS SECTIOH MUST HAVE A HEGATIVE DIGIT I H CC 1-4. 

10. GROUPED (RELATIVE) DISTANCES. FORMAT THE SAME AS FOR ABSOL UTE 
DISTANCES, EXCEPT THAT LIST (GROUP) HUMBER IS GIVEN IH CC 9-10, RI GHT 

JUSTIFIED . 
THE LAST CARD OF THIS SECTIOH MUST HAVE A HEGATIVE DIGIT IH CC 1-4 . 

11. EL EVATION CORTHOMETRIC HEIGHT ) DIFFEREHCES. 
l 2 3 4 5 6 7 8 

1234567890 1234567890123456 7890123 45678901234567890123456789012345678901234567890 
123 231 -123.456 .053 

FROM TO ELEVATIOH STAtlDARD ERROR IH METERS. COMMEHTS 
THE LAST CARD OF TH IS SECTION MUST HAVE A HEGA TIVE DIGIT IN CC 1-4 . 

12. GEODETIC POSITIOH DIFFERENCES IH METERS. 
1 2 3 4 5 6 7 8 

123456789012345678901234567890123456789012345678901234567890123456789012345678 90 
11 12 -3.122 .002 1.298 .002 30.122 .002 

FROM TO LAT. S . E. LOIL S.E . HEIGHT S.E. COMMEHTS 
THE LAST CARD OF THIS SECTIOtl MUST HAVE A HEGA TIVE DIGIT I N CC 1-4 . 

13. HORIZOHTAL DISTANCES. HOT OVER 100 METERS. THE SAME FORMAT AS FOR 
ELEVATION DIFFEREHCES. 
THE LAST CARD OF THI S SECTIOH MUST HAVE A HEGATIVE DIGIT IH CC 1-4 . 

14. ASTRONOMIC POSITIOH DIFFEREHCES (TO BE THE SAME AS GEODETIC). 
STATIOH NUMBERS IN CC 1-4 AHD 5-8. 
THE LAST CARD OF THIS SECTIOH MUST HAVE A HEGATIVE DIGIT I N CC 1-4. 

15. SELECTED LIHES. PUHCH STATIOH HUMBERS I H CC 1-4 AHO 5 - 8 . THI S WILL GI VE 
STAHD AR D ERRORS OF AZ IMUTH, DISTANCE, AHO VERTICAL AHGLE, DX, DY, DZ AHO 
THEIR STAHDARD ERRORS, AHO GEODE TIC AZIMUTH AHO DI STAHCE. 
TliE LAST CARD OF THIS SECTION MUS T HAVE A HEGATIVE DIGIT IH CC 1-4. 

16. HEW ELLIPSOID PARAMETERS COPTIOHALJ. OMIT 'IF ITEM 17 IS USED. 
CC 1-12: EQUATORI AL RADIUS 
CC 13-24: RECIPROC AL OF FLATTENING 
CC 25-80: ELLIPSOID OR DATUM HAME 

17. COVARIA NC E MATRIX FOR SELECTED STATIONS. 
THE MATRIX WILL BE COIIPUTED FOR COORDit~ATE DIFFEREHCES IH X, Y, Z IH TH E 
ORDER AS GIVEN IH THE IHPUT. 
CC 1-4 STAT IOH HUMBER. STATION HAME STARTING WITH CC 25 . 
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I AU /IUGG WORKING GROUP MERIT 

LABELS FOR THE SERIES OF THE 

EARTH ROTATION PARAMETERS 
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In order to allow unambiguous reference to series of Earth Rotation 
Paramete rs (ERP) and Sets of Station Coordin.!tes ( SSC) obtained . in several 
groups by different techniques, it is recommended 

- that when a series of ERP is issued , a list of agreement or 
disagreement of numerical constants and models with the 
MERIT s tandards b e established, together with the list of sta­
tion coordinates and any other relevant par ameters . 

- that when a Set of Station Coordinates is issued , a list of 
agreement or disagreement of numerical constants and models 
with the MERIT standards be establis hed , together with the 
l abel of the series of Earth Rotation Parameters used and any 
other relevant parameters 

- that every series be labelled by its author according to the 
following code 

ERP(AAAAAA )XX E YY 
SSC(AAAAAA)XX E YY 

for Earth Rotation Parameters 
for Sets of Station Coordinates 

where 

AAAAAA = acronym of the institut e producing the r esults 
(one to six letters) 

XX = year-1900 when the series of ERP was fir st computed 
(or wh en the set of coordinat es was computed) 

E = the observing t echnique 

A optical astrometry 
D satellite Doppler tracking 
L satellite laser ranging 
M Lunar Laser Ranging 
R Radio Inter ferometry (CERI, VLBI) 
C combina tion of techniques 
G conventional geodesy (for SSC) 

YY = serial number of the series of ERP or SSC in the year 
XX, for the technique E and the institute AAAAAA. 
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DIRECTORY OF MERIT SITES 

(D O M E S) 
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1) Goals of the directory 

In order to fulfil the objectives of HERIT and COTES, the MERIT 
Coordination Center collects 3 major types of data : 

- Earth R9tation Parameters (ERP) 
Set of Station Coordinates (SSC) 

- Site Description and Survey (SDS) 

The first type of data has been collected from the beginning of the 
MERIT carnp~ign . . Now, the two remaining will be collected and entered 

a data base, for the following purposes 

a) publication of a Directory of MERIT 6ites (DOMES) 

b) supplying of coordinates and ties between colocated instruments , 
in _or·der to estimate elobal transformation parameters between 
the various reference systems and a unique set of coordinates of 
all stations in a new conventional terrestrial frame. 

c) publica~i on of the various sets of coordinates 

2) Terminology 

Site and point 

A point is a basic concept of geom~tric geodesy to which one can 
provide coordinates in order to identify its location in space (-time). 
We consider two major types : 

points · connected to tracking instruments (called S-points). Such points 
can be ; 

end- points in the modellinc of the "geometric" measurement, such 
as electrical center of an antenna , focal point of a telescope . .. 
Such points are directly as·sociated with the .. .rneasurement, but may br 
moving with the mobile part of the instrument. 

fixed physical points on the instrument, such as intersection of 
axis, fixed point close to phase center on non-directive antennae. 

permanent mark points, usually estahli shed by geodetic survey teams 
(called H-points) . 

A restricted (fe w · lOOm to 10km) geographical area, vhere marks 
and instruments are colocaten, even temporar.ily, will be called a site . 
Such a site is characterized by : 
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- its name 
- it6 approximate location 
- the list of its S- or !-!-points 

Each M- point will be defined by a proper description . 

For each S-point, we shall consider : 

- type of instrument 
serial numqer of the instrument 
description of the point 

- beginning and end dates for the settlement of the instrument 
operating agency 

Project 

In this context , a project is a set of (fixed or mobile) tracking 
station·s which per form during a limited period of time, _fro1;1 some days 
to some years, with meas urements planned by some ore;an1zations • 

We shall distinguish between : 

space projects (la ser, Doppler, VLBI ... ) 

site survey projects (to interconnect instruments and permanent marks) 

The maJor items which are related to a project are 

designation 
period (Y-~-D of beginning and end) 
type (Doppler, LLR, SLR, VLBt, site survey ... ) 
organizing agencies 
list of participating 6tations 
data set collected during the project 
set of analysis performed on the data hy various g1oups 

references 

Projects can be related either through a series of projects 
(e.g. EDOC 1, EDOC 2) or a large project divided into several smaller ones. 

Block 

A block is a set of points which is considered as a whole. 
This is, in other vords, any set of -points which does not belong to a 
unique project. For instance, t~e SLR _stations considered in MERIT are 
a block. As anothe·r example, the set of stations of the NASA -Directorate 
of Station Location is considered as a block. 

A block is defined by : 

its name 
the set of its points 
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So lution 

A solution is a set of estimated quant ities r esulting from the 
processing of some data. 

It 1s ch aracterized by 

- desc ription 
- agency 
- da te 
- soft\.lare used 
- options used 

3) Overview of data flow 

The d~ta fl ow is presented in the attached diagram. 

4) Input data 

Any document (publication, magnetic tape, computer printout ... ) 
containing relevant information (SSC or SOS) can be sent to the MERIT 
Coordination Center. Two procedures are more specifically recommended 

4-1) SSC input 

H-record 

In this case, a sequential data set of BO-character r ecords 
~ust be built for each set of station coordinates. Namely : 

- 1 Header record (H) for iden~ification 

- 1 or several cormnent records (C) for descriptio n of the solution 

- several coordinate records (X), one for each point 

This data set should be preferably sent to the C.C. using the 
G.E. Mark 3 system. The producing agency will append this data set 
to a general input file for SSC, labelled BIHCOSTA. 

The detailed format is the following (COSTA format) 

(Field) (Columns) (Value) 
H 1 1 

2 3 - 20 
3 21 - 80 

C-record 
(Field) (Columns) 

1 1 
2 3 - 80 

Label of Set of Station Coordinates (SSC) (s ee Appendix 3) 
(blank) 

(Value) 
C 
Text in free format 
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X-record 
(Field) (Columns) (Value) 

X 1 1 
2 2 - 6 DOMES site number 
3 7 DOMES type of point (Mor S) 

DOMES point number 4 8 - 10 
5 11 - 20 Alternate designation 
6 21 33 X, in metres, decimal point in column 30 
7 34 - 46 Y, in metres, decimal point in column 43 
8 47 - 59 Z, in metres, decimal point in column 56 

Central epoch of adjusted observations (MJD, 
precision O. ld, decimal point in column 66) 
Time span of ajusted observations (days, 
precision O.ld, decimal point in column 74) 
SIG X, in metres, decimal point in column 83 
SIG Y, in metres, decimal point in column 90 
SIG Z, in metres, decimal point in column 97 

9 61 - 67 

10 

11 
12 
13 

69 - 75 

81 - 86 
88 93 
95 -100 

Comments 
The C-records should include a brief description of at least the following 
- choice of models when they differ significantly from the MERIT standards, 
- how the terrestrial system was fixed, 
- what is the point of the station (instrument) for which the 

coordinates are computed. 

The use of the DOMES site number and point number is strongly recommended. 

4-2) SOS input 

To update information about site description (new instrument, 
new geodetic tie .. . . ), annotations of individual site description 
sheets generated by computer printout in noMES (see below) will be 
used. 

5) Directory of MERIT sites (OOMES) 

This directory is a computer printout of the data base. Several 
parts are available : 

Ll) List of MERIT sites (MERIT 5-digit site number, name, country, 
approximate location) 

L2) List of XERIT sites for a given technique (SLR, LLR, VLBI-CEI, 
Doppler, optical astrometry) by increasing MERIT number and by block 
number (see below) 

L3) List of MERIT sites for a specific block of project, by increasing 
MERIT number and by block or project number 

L4) Catalogue of site description, giving for each iite its list of 
M- and S-points, with tridimensional corrections. This catalogue can 
be sorted to print sheets relevant only to a given block or project. 

LS) List of colocations 

L6) List of blocks and projects existing in the data base 
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Remarks about codes 

( 1) The DOMES code is a 5-digit cod e for a site, and a 9-character code 
for a point. 

Ex. : 

10001 Paris 

10001M 001 Paris meridian pillar 

10001S002 Paris astrolabe 

( 2) The agency cod e is a 6-character code given in Appendix 5. This code, 
wh ich follows a proposal of NGS and DMA , is recommended by the CSTG/Sub­
commission on Standards. 

( 3) T h e country code is a 2-le tte r code available upon request. Same comment 
as ( 2) . 

( 4) The reference point can b e abbreviated. 

EC electric cent er 

! AR inte rsection of axis of r o ta tion 

IPAPCDA intersection of polar axis and plane containin g declina­

TP top of the pillar 
tion axis 

URP unspecified reference point 

( 5) Other station codes are given in the associated block or project n umber 
(NASA, SAO , TRANET ... ) . More details can b e found in Boucher, C., 1983. 

( 6) Distribution of SSC 

A copy (printout, cards or magnetic t ape) of the SSC data set in COSTA 
format is available upon r e quest. 
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Appendix 5 

PROPOSED ACRONYMS FO R SOME INSTITUTES 

BIH : 

CERGA 

CNES 

DGFII 

DMA 

GRGS 

GSFC 

CSR 

IFAG 

NSWC 

Bureau I nternational de l ' Heure 
61 avenue de l ' Obse r vatoire 
7501 4 Paris 
France 

Centre d ' Etudes et de Recherches 
Geodynamiques et Astronomiques 
Avenue Nico l as Copernic 
06130 Grasse 
France 

Centre Nat i onal d ' Etudes Spatiales 
18 avenue Edouard Belin 
31055 Toulouse Cedex 
France 

: Deutsches Geodatisches Forschungs-
institut / I 
Munchen 
GFR 

Hydrographic/Topographic Cen te r 
Geodesy and Surveys Dept 
WASHINGTON, D.C . 20315 
USA 

Groupe de Recherches de Geodesie 
Spatiale 
18 avenue Edouard Bel i n 
3 1055 Toulouse Cedex 
France 

IGNF; 

IPMS 

JPL 

MI T 

NGS 

SAO 

Goddard Space Flight Center (NASA) SFB78 
Greenbel t, Mar y l an d 2077 1 
USA 

USNO ~ 
Center for Space Research 
Department of Aerospace Eng i neering 
University of Texas at Austin 
Austin~ Texas 787 12 
USA 

In s titut fur Angewandte Geodasie 
Richard-Strauss-Allee 1 
D-6000 Frankfurt am Main 70 
GFR 

Naval Surface Weapons Center 
Dahlgren , Virginia 22448 
U S A 

UTEXA : 

ZIPE 

UNOT 

A 15 

Institut Ge ographique National 
2 avenue Pasteur 
94160 St Mande 
France 

International Polar Motion 
Service 
International Lati t ude Observator : 
Mizusa~a-Shi, Ivtae-Ken 023 
!Japan 

Jet Propulsion ·Laboratory 
4800 Oak Grove Dr ive 
Pasadena, California 9 1109 
USA 

MIT - Dept of Earth and 
Planetary ~ciences 
Cambridge , Massachusetts 02 139 
USA 

National Geodetic Survey 
Geodetic Research and Development 
Laborator y, N/CG114 
Rockville, MD 20852 
USA 

Smithsonian Astrophysical 
Observa t ory 
60 Garden Street 
Cambr i dge , Massachusetts 02138 
USA 

Sonderforschungsbereich 78 
(Research consortium in GFR) 

U.S. Nava l Ob servatory 
Washingt on, D. C. 20390 
USA 

Department of As tronomy 
Univers i ty of Texas at Au s tin 
Austin , Texas 7871 2 
USA 

Zentral lnsti tut fur Physik 
der Erde 
15 - Pot sdam 
GD~ 

University of Nottingham 
Depar tment of Civil Engineering 
University Park 
NOTTINGHAM 
Angleterre 




