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ABSTRACT

The International Gravity Standardization Net 1971 is presented. A worldwide network,
consisting of 24 000 gravimeter, 1 200 pendulum and 10 absolute measurements collected overtwenty
vears, has been adjusted by a small Working Group of Special Study Group 5 of the International
Association of Geodesy, discussed and approved within the same Association and adoptzd at the
XV General Ac¢sembiy of the International Union of Geodesy and Geophysics in Moscow, Aug 1971,

The concept of the IGSN 71 differs from that of earlier gravity reference systems in that
datnm is determined, not by an adopted value at a single station, but by the gravity values for
1854 stations obtained from a single least squares adjustment of absolute, pendulum and gravimeter
data. Standard errors for IGSN 71 gravity values are less than t 0.1 mgal. The use and maintenance
of the system is discussed,

The International Gravity Standardization Net 1971 has been approved and adopted as the
international gravity standard replacing the Potsdam datum. The resolution passed at the XV General
Assembly of the IUGG in Moscow, August 1971 is given below :

RESOLUTION N° 11

The International Union of Geodesy and Geophysics,

recognizing that tne Potsdam datum adcpted in l.ondon in 1909, has served its purpose in providing a
reference for international gravity n.casurements,

consider.ng

a) that for scientific purposes a n.ore accurate system of gravity values is needed to provide
both datum and scale,

b) that the IAG has adopted at the Lucerne General Assembly in 1967 a provisional correction
of - 14 mGal to the Potsdam value (Resolution n® 22),

c¢) that the International Committee on Weights and Measures adopted in 1967 a resolution for
a correction of - 14 mGal to the values of gravity in the Potsdam datum to be used for metrological
purposes,

d) that recent absolute, pendulum and gravimeter observitions have provided a firm basis for
the determination of datum and scale to the required accuracy,

¢) that the above mentioned raeasurements have been adjusted to provide a homogeneous
international Gravity Standardization Net (IGSN 71) which defines the datum and scale and gives

gravity values with the same order of accuracy thrcughout its range,

f) that the establishment of such a system represents a major international effort, and
provision for maintenance and improvement must be made,

g) that the accuracy of the absolute determination of gravity is adequate for studies of
variations 'n the distribution and displacements of masses, and variations of G,

recommends

(i) that the International Gravity Standardization Net 1971 (IGSN 71) be adopted and published
in the ulletin Géodésique,

(ii) that the Potsdam datum be corrected by the amount specified in the adjustment
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1. — INTRODUCTION

1.1. Concepts

Metrology, geodesy and geophysics require the knowledge of gravity wih greut accuracy
all over the earth, Programs to provide gravity measurements on land, on the continental shelves
and on the oceans have expanded rapidly and we are close to achieving airborne gravity measurements
with the desired accuracy. A homogeneous world-wide gravity reference system i3 therefore
required in order to standardize these measurements. This new system should give datum and
scale with an accuracy compatible with the modern instrumental capability,

The Potsdam gravity svstem specified a datum only .n terms of an absolute gravity value
at a single point, Individual gravity values in the system were determined by adjusting a network
of absolute gravity differences measured with pendulums and tied to this datum point. The introduc-
tion of the modern gravimeter capable of measuring gravity differences with high internal consistency,
but in relative units only, indicated the presence of errors in pendulum measurements which
could, in the absence of highly repetitive data, significantly affect the determination of scale. The
ease of portability of the gravimeter led to the concept of establishing separate calibration lines
combining pendulum and gravimeter neasurements to determine the scale calibration factor for
each gravimeter. The gravinieters could then in principle be used to measure gravity differences
elsewhere in the world network. Several calibration lines were established for this purpose but
significant scale differences between them were later identified. Modern absolute instrumentation
for the first time permitted the development of the concept presented in this report : using a
suitable mathematical model we may now combine absolute, pendulum and gravimeter measurements
to obtain the most probable gravity values for the worid reference svstem in which the most
probable value of datum and scale is implicit,

1.2. Evolution of world gravity standards
1.2.1. Early development

The first internationallv accepted gravity reference svstem was known as the Vienna Gravity
System . It was adopted in 1990 at the XIIth Conference of the International Association of Geodesy
held in Paris and had an estimated relative accuracy of T 10 mGai,

The Porsdam Gravity System was introduced soon after (Borass, 1911) and internationally accepted
at the 1909 meeting of the LA G, in London. The relative accuracy of this system was estimated
at ¥ 3 mGal and it corrected the Vienna System by - 16 mal, Absolute gravity measurements in
the past few decades (Hevl, Cook, 1936; Clark, 1939) indicated an error of + 12 to + 16 mGal in
the absolute Potsdam value (Dryvden, 1942; Morelli, 1946a; Berroth, 1949; Preston Thomas et al,,
1060; Cook, 1963a),

v the end of World War 111t was evident that not only more absolute measurements
but also an interconnecting net of relative gravity ties were required to define a new gravity svstem,

The publication of two independent adjustments (Morelli, 1946a; Hirvonen, 1948)
demonstrated the insurficient distribution and accuracy of the existing gravity measurements and
induced G, P, Woollard to undertake his pionecer work of promoting the geodetic use of new
nstruments (Worden and LaCoste-Romberg gravimeters, Gulf pendulums) to provide new and more
accurate relative gravity measurements all over the world (Woollard and Rose, 1963).

By the early 1950's many gencies had become involved @ long range gravimeter and
pendulum measurements, inhomogeneity m the distribution of stations, in observational criteria and
techniques and in data reduction methods necessitated the coordination of these activities, Accordingly
actron was taken through the 1IGC of the LA, Go oand in 1954 the Special Study Group n' 5 (858G 5)
wias formed with responsibilities in the following felds

(4) Absolute measurcments of gravaty
(h) Nertwork connections

(¢) International Gravity Formula,
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A network of 34 stations to be known as the First Order World Gravity Net were chosen
at the 1956 meeting of the IGC in Paris and plans were made to concentrate on gravity connections
between them., These stations were :

Algiers Khartoum Oslo
Azores Kvoto Ottawa
Bad Harzburg Leopoldville Panama
Beirut l.isbon Paris
Buenos Aires Madison Potsdam
Capetown Madrid Quito
Christchurch M'Bour-Dakar Reykje vik
Fairbanks Melbourne Ric de Janeiro
Helsinki Mexico City Singapore
Honolulu Milan Teddington
Johannesburg New Dethi Vancouver
Washington

During the next 8 or 9 years relative gravity measurements were carried out on a
world-wide basis by many observers. For logistic and technical reasons it was often impractical
to carry out direct interconnection of the FOWGN stations and a large number of inhomogeneous
subnets came ‘nto existence, Apart from partial solutions such as the basic world-wide work of
Woollard and Rose (1963), the least squares adjustment by Uotila (1964) and the European
Calibration System (Kneissl, Marzahn, 1963) the evolution of a new world gravity system proceeded
slowly . Some significant improvements in instrumentation occurred during this period, e.g.
development of the IL.CR gravimeter, but some disturbing aspects of the performance of pendulum
apparatuses came to light. The apparent state of the art was summarized (Morelli, 1963) as
follows :

" a) Modern pendulum results, previously considered fairly reliable, have revealed (Woollard
and Rose, 1963) tares and creep : that is, the same weak points as the gravity-meters; pendulums

should therefore always he used in connection with prcperly chosen and studied gravity-meters;

b) Results with modern, geodetic gravity-meters have shown that it may also be possible to
measure large differences in gravity, provided that :

(1) they are operated in groups to control tares and creep;

(2) they are properly checked in the laboratory and on the calibration lines to dctect and
evaluate pseudo-periodic errors and nonlinearity;

(3) they are calibrated (on suif.ciently accurate and extended calibration lines) to determine
their scale-factor function,

it is well known that normally (3) can be done only by comparison with pendulum
measurements,

It would seem that a soiution would be impossible : we need the giravity-meters to be
sure of the pendulums and the penduiums to calibrate the gravity-meters,

Without proper consideration of this point, it is clear that confusion and uncertaintly
has been and will continue to be created. This is the reason that we do not have a "World
Standardization System'', although we h~ve many ''Calibration Systems': refeired to different
pendulum  apparatus, or to different pendulum results, or to a different evaluation of the same
pendulum measurements'’,
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1.2.2. Modern Development

I'he above situation led the SSG5 during the 1862 Meeting of I.G.C, to propose, and the
I.G.C. to accept, a new philosophy as follows :

I. The establishment of tiree International Calibration Lines, with large gravity intervals,

They were :

the ACL from Ushuaia to Point Barrow;
the EACL from Capetown to Hammerfest;

the WPCL  from Christchurch to Sapporo.

Groups of gravimeters were to be observed on these lines,

II. The selection of a few stations on each International Calibration Line to be occuvied by

the best availabie pendulum apparatus using the same operational criteria. The chosen apparatuses
were .

the Guif pendulums;
the Cambridge pendulums;
the CGl pendulums;

the GSI pendulums,

IIl. Interconnection would be established between the Lines for strengthening the structure and
establishing the skeleton of the world net.

To further coordinate the collection and reduction of data for the preparation of a final
adjustm 2nt, the SSG5 formed a sub-group of specialists devoted to the solution of specific prohlems,
The representatives cf the institutions most actively participating met for the first time in 1965 in
Torine, italy, and formed a permanent Working Sub-Group, under the chairmanship of Prof. C, Morelli,

In the next few years niost of the measurements required for a new reference system
were carried out, Important contributions were made by 1381GSSq with the first systematic global
[.aCoste and Romberg gravimeter measurements (Whalen 1965a, 1965b, 1966k, 1966¢, 1967a,
1967b) and by AFCRI. who supported many projects, especially pendulum and absolute measurements,

The accurac, of the gravimeter measurements (¥ 0,05 mGal) and the improved pendulum
apparatus (¥ 0,3 mGal} made possible the aitainmrent of a world network of high relative accuracv,
The problem of obtaining high absote accuracy, as well, was solved with the development of Cook's

apparatus (f 0,1 mGal), Faller's transportable apparatus (f¥ 0.05 mGal) and Sakuma's apparatus
(t 0,02 mGal).

Significant progress in the development of data processing and analysis techniques were
made by Hamilton (1963} and Torge (1966) The availabilitv of large high-speed digital cunputers,
the development of sofiware for solving large systems of linear equations and for utatistical
analysis of large volumes of data permitted a new approach to the solution of a wcrld-wide gravity
net. The development of computer programs at the EPB emploving iterative techniques for the

solution of systems of linear eouations in several thousand unknowns has facilitated the adjustment
of large gravity nets.

The amount of new data und the dangers inhereni i continuous disseminations of new
values led the International fravity Commission at its last meeting (Paris, 1970) to request that
only one final adjustment should be published and internationaily adopted. The present report

describes the adjustments and analyses which produced the International Gravity Standardization
Net 1971,

10
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1.3. Summary of the work of SSG 5

Reports of the SSG5 have been presented and discussed at the following me=tings :

1954, in Roume - X 1UGC General Assembly (unp. )
1956, in Paris - IGC Mreting {unp.)
1957, in Toronte - XI IUGG General Assembly {see Morelli, 1959)
1959, in Paris - IGC Meeting (unp.)
1560, in Helsinki - XII IUGG Genersal Assemtly (unp. )
1962, in Paris - IGC Meeting {urp.)
1963, in Berkeley - XIII IUGG General Agsembly {unp. }
1965, in Paris - IGC Meeting (unp. )
1967, in Lucerne - XIV 1UGG General Assembly {unp. )
1970, in Paris - IGC Meeting {unp.)

Meeting of the Working Sub-Group have been held in :

- Torino, April 1965;

- Paris, September 1965;
- 3edford, April 1967;

- Paris, September 1970;
- Ottawa, May 197i,

Some informations ccncerning the Group's activity and discussions at the IGZ and IUGG
Meetings are printed in the "Bulletin d'Information’ of the IGB,

The members of the Sub-Group participating in the final adjustment and the presentation
of this report are :

AFCRL : B, Szabo 1GSSq C.T. Whalen
EPB : R.K. McConnell, J.G. Tanner OGST : C. Gantar, C. Morelli
Gl . T. Honkasalo osu U. Uotila

Prof. Woollard contributed to the efforts of this Working 3ub-Group but ¢ iid not participate
in the final adjustment or in the presentation of this repoct. Prof. Wolf acted from time to time
a. a consultant to the Sub-Group,




2. — DATA DESCRIPTION

Appendix I contains a detailed description of IGSN 71 data and instruments. Approximately
25, 000 observations inierconnecting 473 primary and 139816 excenter bases were used.

The acquisition of data for the IGSN 71 required cooperation between many countries.
Agencies throughout the world collaborated on many surveys, assisted each other in obtaining
entr; permission for observers and exchanged data, station descriptions end instruments. Data
from 184 surveys using 86 different instruments has been collected by the OGST who acted as the
data coordinating agency for the project.

Table 2.1. shows the scope of the surveys contributing to the IGSN 71,

Absolute gravity determinations are shown as separate surveys in the table. Three
absoiute apparatuses were used although most of the data was obtained with the portable Faller -
Hammond equipment.

Pendulum data was obtained with six types of instruments, the bulk of the data being
obtained with the Gulf and Cambridge pendulums.

Five types of gravimeters were .sed in obtaining IGSN 71 data and as many as 13
gravimeters were used on a single survey. The 1GSSq surveys, which provide the largest single
contribution to the structure of IGSN 71, were always made with four or more LaCoste and Romberg
gravimeters. The Worden, Askania, North American and Western gravimeter data were obtained
from observations made on the European and African portions of IGSN 7). LaCoste and Romberg
gravimeter data, obtained over the entire ne., provided the greatest contribution to the relative
net strength,

For the adjustment of the IGSN 71, the absolute data provided the datum and contributed
to scale, the pendulum data contributed to scale and the gravimeter data gave the basic structure
nf the net.

Table 2.1.
IGSN 71 instruments and data
Instrument Type instrument N° instruments Surveys
Absolute Cook 1 1 station
Sakuma 1 Tt v
Faller-Hammond 1 g "
Pendulum Gulf 2 23 trips
Cambridge 1 12 "
1GC 2 4 "
USCGS 2 2 "
nNO 1 1"
GSl 1 g "
Gravimeter L.aCoste-Romberg 53 98 trips
Worden 14 12 "
Askania 2 ¢ "
North American 2 5 "
Western 3 2 "
12




3. — PRELIMINARY ADJUSTMENTS

3.1, Introduction

Individual adjustments with independently chosen procedures were produced by members
of the Working Sub-Group. At the May, 1971 meeting held in Ottawa the various solutions
described in detail in Apendices II to IV were presented. The differences in philosophy used in
these p-eliminary adjustments were examined, the results were compared and the criteria chosen
for the final adjustment.

The gravity values from all solutions agreed generally within ¥ 0.1 mGal in spite of
different procedures used for selection, weighting and rejection of data. A few ". 1 to 0.2 mGal
disagreements between the various solutions, mainly caused by excentre discrepancies, were
resolved or the corresponding bases were deleted before the final adjustment.

Analyses of scale differences between pendulum and absolute measurements were carried
out by four groups. The scale agreement of about 1:50, 000 obtained from comparisons of gravimeter
adjustments scaled by pendulum and absolute measurements respectively (App. II, III, IV) is
consistent with the rosult of a separate analysis of pendulum scale (App. V).

3.2. Comparison of Individual Adjustments

Discussions at the May 1971 meeting of the Working Sub-Group in Ottawa were concerned
mainly with the differences in the philoscphy applied in various adjustments and the significance
of some of the solution parameters.

All three groups performed several adjustments using various selection criteria for
stations and measurements. Foir gravimeter measurements Uotila selected only LCR data while
Whalen and McConnell & Gantar used all the available gravimeter data. The three groups performed
adjustments with ties centred to primary bases. In addition, McConnell & Gantar adjusted all
ties simultaneously. Details of the individual selection criteria are given in Appendices II, III, IV,
A summary of the main characteristics of the individual adjusiments is given in Table 3.1.

Table 3.1.
Uptila Whalen McConnell
(App. 11) (App. 111) & Gantar Remarks
{App. 1V
Selected Data Adjusted X X X 4 to 600 unknowns;
7 to 11000 observations
All Data Adjusted X 2 000 unknowns;
25 000 observations
Centred Data Adjusted X X X
Uncentred Data Adjusted X X
partially
Ist order gravimeter scale x X X
unknown
2nd order gravimeter scale X
unknown ’
Scale unknown for &/ trips X X
with the same gravimeter ‘ :
Scale unknown for individual X
trips with each gravimeter
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3.2.1. Comparison of Scale Factor Determination Criteria

Ail three groups performed adjustments with models using linear terms for gravimeter
scale factors. In addition Uotila performed adjustments employing higher order scale factor terms.
Both Uotila and Whalen solved for a single scale factor for each gravimeter (except for a few
cases where repairs had obviously altered the scale factor) 'while Gantar and McConnell solved for
a separate scale factor for each instrument-trip, grouping only those trips which had less than
10 measurements with the next trip occurring sequentially in time.

Adjustments using grouped instrument-trips generally indicated insignificant drift rates
for gravimeters; solving for separate scale factors for each instrument-trip produced in several
cases apparently significant drift rates.

Scale factors solved for each instrument-trip have been examined for possible variations
as a function of time. While statistically significant changes in scale factor for the same gravimeter
from one trip to the next were occasionally apparent (in some cases up to 15 parts in 10%) there
was no convincing evidence to suggest that they were systematic with time. Possibly these changes
are a manifestation of the presence of slight non-linearities in the instruments. Thus, apparent
changes in gravimeter scale factor may simply be due to the fact that all trips with the same
instrument were not carried out over the same gravity range. The Working Sub-Group decided, for
the final IGSN 71 adjustment, tc solve for a single scale factor for all trips with the same instrument
except where repairs had obviously altered the scale factor.

The Working Sub-Group agreed to use only a linear scale factor term in the final adjustment
since the significance of higher order terms cannot be properly evaluated with the limited number
of absolute measurements available.

3.2.2. Comparison of Gravity Values from Individua! Solutions

Many comparisons of different solutions were carried out by plotting the gravity value
differences against the gravity value of the station. In comparisons between solutions having first
and second or higher order gravimeter scale factors some systematic dependence of the differences
on the gravity value was apparent. Nevertheless, except for a few stations the gravity values
agreed to within t 0.1 mGal. One set of comparisons is shown in Figures 3.1, 3.2 and 3.3.

The solutions compared were those considered most reliable by the individuals concerned.
These were :

(a) Uotila ; Solution 2A (Appendix II}
(b) McConnell & Gantar : BIGNET n° 4 (Appendix II)
(c) Whalen ; Adj.4 (Appendix III).
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4. — THE IGSN 71
4.1. Final Adjustment of the IGSN 71

The Working Sub-Group established the guide lines for the final adjustment. Observation
equations were formed aud rejections made using the Earth Physics Branch computer facilities
and NETEDIT program (Appendix IV) in Ottawa. The solution of these observation equations was
carried out using the computer facilities and matrix manipulation programs of the lst Geodetic
Survey 3quadron in Cheyenne.

The problem of datum determination in the IGSN 71 has been resolved by including
10 recent absolute measurements in the adjustment in such a way that the net has a best tit to
these measurements in the least sguares sense. The scale of IGSN 71 was determined by the
combined effect of the 10 absclute measurements and approximately 1200 pendulum measurements
while the relative strength of the network was provided b, some 12 000 long range LaCoste and
Homberg gravimeter measurements (Figure 4.1). Approximately 11 700 excentre rneasurements
make up the remainder of the network.

Measurements were weighted according to their error variances estimated for each
instrument-trip from preliminary adjustments. A secondary weighting function, related to thetime
interval ( AT) for the measurement, was used with the LaCuste and Romberg long range measure-
ments (i.e. those between stations of differing IGB number). This weighting function (Figure 4.2)
allowed for the observed increase in error variance with increasing AT.

Ties were rejected hefore the final adjustment if their errors, based on trial gravity
values, exceeded 3o0. The trial gravity values and the value of o0 were determined from preliminary
Gauss-Seide! solutions of the same set of observation equations and, based upon comparisons with
preliminary adjustments by other methods, were presumed to be accurate to a few one-hundredths
of a mGal. l.ess than 3 % of the ties were rejected.

From the 24 974 observation equations a solution was obtained for 1854 gravity values,
96 gravimeter scale factors and 26 instrument (pendulum and gravimeter) drift rates. The gravity
values and their standard errcrs are presented at the end of this report. For checking purposes,
the gravity values from the final matrix inversion solution were compared with those from a Guuss-
Seidel iterative solution carried out in Ottawa. Although the iterative solution differed from the
matrix inversion solution in that it had no scale unknowns, the gravity values agreed in every case
to better than 0.1 mGal.

4.2. IGSN 71 Gravity Values
The list of IGSN 71 gravity values is presented at the end of the report.

The svstem provides gravity values with standard errors less than 0.1 mGal over the
gravity range of the earth,

According to Resolution n® 11 passed at the UGG meeting, Moscow, 1971 a correction
to the previously adopted Potsdam value has been computed.

The IGSN 71 gravity value for Potsdam A is 981260,19 * 0,02 while the Potsdam
reference value transferred to site A (Reicheneder, 1968) is 981274.20. The correction to the
Potsdam reference value is therefore -14,0 mGal. It cannot be assumed that this correction
appites to any point other than Potsdam since systems of gravity values based on Potsdam are
unlikely to have the same scale as IGSN 71,

18
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4.3. IGSN 71 Station Descriptions
Copies of IGSN 71 station descriptions may be obtained through the
international Gravity Bureau

11, Quai Saint-Bernard, Tour 14
75 - PARIS (Véme)
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6. — MAINTENANCE AND USE OF THE IGSN 71

The establishment of the IGSN 71 represents a major international effort and for this
reason provision for maintenance has been made. The following resolution was passed at the XV
General Assembly of the IUGG, Moscow, August, 1971

RESOLUTION N° 12

The International Association of Geodesy,

recommends that 2 Permenent international Grevity Service. coordinated with the /International Gravimetric Commission (IGC)
and the /nremational Gravimetric Bureas (IGB). be formed with the following functions :

1. to provide for expansion of the IGSN 71 to include areas where no stations now exist or
values are not available,

2, the maintenance and recbservation of stations, and the replacement of any which may be
destroyed,

3, to maintain the files in a computer-processable format and to incorporate new measurements
into the existirg tiles (one complete set of the values and descriptions to be deposited at the IGB),

4. to promote improvements in instrumentation, including the development of transportable
absolute gravity meters, and their applicability to the standardization problem,

5. to establish in cooperation with the appropriate scientific institutions a net of permanent
stations at which the absolute measurement of gravity, periodically repeated with an accuracy of
the order of a few microgals, could be used as a geodetic reference and, in conjunction with other
advanced geodetic methods, to monitor slowly varving parameters of the earth,

6. to carry out computations necessary for incorporating new stations into the system,

7. to maintain contact with agencies active in the field of gravity measurements or using
gravity data, to ensure that the !GSN T1 satisfies current needs,

8. to provide advice, when requested, to agencies using the IGSN 71 in local standardization
problems.

Future improvements in gravity standards will require, in addition to several absolute
measurements for resolving the gravimeter non-linearity problem, a large number of precise
absolute measurements at strategic locations to determine the nature of time dependent gravity
changes. Woollard (1969) has noted that we must recognize ''that crustal parameters are nct stable
but change with time in response to changes 1n the environment (temperature, pressure and stress)
associated with the upper mantle as well as 1n response to the effect of external factors (erosion,
deposition, 1ce loading) on the crust, and tectonic displacement of both the crust and upper mantle
through faulting and crustal spreading’,

Global variations ("breathing'), variations :n G and other effects must also be investigated.
In this regard lL.evallois (1971) proposes 20 to 30 absolute stations at carefully selected locations,

It must be appreciated that the observations used for the determination of the IGSN 71
have been acquired over a period of mnore than 10 vears, Therefore, in the event that changes in the
gravity field have occurred, the IGSN 71 gravity values represent estimates of mean values over
this period. From what 1s known about time dependent changes in gravity 1t is unlikely that these
changes will significantly affect the IGSN 71 gravity values within the stated accuracy. However,
in a few areas where large crustal niovements 2»e known or suspected, the corresponding gravity
values should be used with some caution.
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The IGSN 71 has been established to provide a uniform absolute reference system to
which all relative gravity measureiaents may be referred. In general, local anomaly surveys will
be referred to national or possibly continntal sub-nets ;the problem of ensuring optimum consistency
of these sub-nets with the IGSN 71 has been examined. A suggested procedure for establishing new
sub-nets or readjusting existing sub-nets is as follows :

(1) Sub—nets incorporating several IGN 71 stavions

The agency responsible for the establishment of a sub-net or the readjustment of an
existing net should ensure that IGSN 71 stat ons are well tied to the local system. To achieve maximum
consistency with the IGSN 71 system the adjustment of the sub-ret should be made, not by fixing
one or more IGSN 71 values but by weighting these values according to their error estimates; this
is analogous to the procedurc used for weighting the absolute measurements used to establish
datum for the IGSN 71 itself. In this way, the sub-net is not forced to fit the IGSN 71 values
exactly but optimum datum and scale consistency are ensured. This type of adjustment may, of
course, produce slightly different values for the IGSN 71 stations involved, due to the higher
internal consistency of the sub-net; these new values are appropriate for local use. If the IGSN 71
stations used are well distributed over the gravity range of the sub-net no separate calibration or
evaluation of the gravimeters will be required since this can be achieved in the adjustment process
itself,

(2) Sub—nets incorporating few IGSN 71 stations

To ensure optimum datum and scale consistency with the IGSN 71 the instruments used
to establish the sub-net should first be calibrated and evaluated over several (at least 10) IGSN 71
stations encompassing a gravity range somewhat larger than the sub-net. Thc¢ adjustment of the
sub-net may then be carried out by treating as known quantities the scale factors obtained from
the independent calibration, If only one IGSN 71 station is incorporated in the sub-net adjustment,
the datum of the sub-net will of course have the same uncertainty as the station on which it is
based.
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- 1GB Number

Name

LISTING OF IGSN 71
GRAVITY VALUES

EXPLANATION OF COLUMN HEADINGS

- The first three digits of the IGB number are computed from the geographical co-

Gravity Value -

Std. Error

Times Tied

ordinates of the station using the following formulae :

quadrant 1 36 + 36 (P, ) - A,
quadrant II 1+36 () +A
quadrant I1I 325 + 36 (&, ) + A,
quadrant IV 360 + 36 ( 9. ) - A,
where quadrant I is 0°N to 90° N Lat.
0°E to 180° E Long.

quadrant II is 0°N to 90° N Lat.
0°W to 180°W Long.

quadrant III is 0°S to 90°S Lat.
0°W to 180° W lLong.

quadrant 1V is 0°S to 90°S Lat.
0°E to 180°E Long.

and ¢, is the tens of Jdegrees of latitude
A, is the tens of degrees of longitude.
The last two digits of the IGB number are simply the units of latitude and
longitude degrees.

For example, since Tokyo A is located at Lat. 35°42.6'N, Long. 139°46.0' E
the first three digits of the IGB number are given by :

36 + 36 (3) - 13 = 131

and the complete number is therefore 13159, Note that the first three digits of the
IGB number define 10° squares. These are shown on the accompanying map. For the
purpose of the IGSN 71, excentre stations have been assigned the same IGB code as
the primary even though they may, in a few instances, lie outside the 10° square of
the primary.

In general the name of the primary station is used for the corresponding excentre
stations. In Europe, however, stations with the same IGB number are not always
considered to be excentres. In these cases the actual station name has been used.

These are expressed in mGal.

These are the error estimates in mGal obtained from the inverse matrix.

Int. - number of connections to stations with the same IGB numbe-.

Ext. - number of connections to stations with differing IGB numbers.
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NUMBER
00150
00150
00150
00150
00150
00150

00154
00154
00154

00174

00260
00260
00260
00260
00260

00283

00293
00293
00293

00655

00668
00668
00668
00668

00793
00793

00826
00826

00836
00836

00844
00844
00844
00844
00844

Xa® . rxcoOow . -~ X XrxXcCco»

-~ X R rxoew [ &9

R >

RGL.OD>P>

IGSN71 ABSOLUTE GRAVITY VALUES

cecccecac= NAME
ACCRA
ACCRA
ACCRA
ACCRA
ACCRA
ACCRA

ABIDJAN
ABIDJAN
ABIDJAN

80U AKE

MONROVIA
MONROVIA
MONROVIA
MONROVIA
MONROVIA

FREETOWN

CONAKRY
CONAKRY
CONAKRY

PARAMARIBO

GEORGETOMWN
GEORGETOMN
GEORGETOWN
GEORGETOMWN

MATURIN
MATURIN

POPAYAN
POPAYAN

CALI
CALI

BOGOTA
BOGOTA
B80GOTA
B0GOTA
BOGOTA

6

978
978
978
978
973
9/8

978
978
978

978

978
978
978
978
978

978

978
978
978

9748

378
978
978
978

977
977

977
977

977
977

77
977
377
977
977

RAVITY

VALUE
091.041
105.36
100052
i00.46
061.31
015.68

060.78
061.15
057.14

05432

145.06
142.79
09 3.4t
093.43
094.14

183.07

222.91
21094
210.62

033.54

107.45
075.70
3975.55
102.48

936.31
996.19

58449
58u4e4?7

845458
8Uuk.89

330.11
390.07
330.14
386491
380.59

STD
ERROR
0.035
0.033
0.033
0.031
0.038
0.040

0.068
0.0702
0.356

0.0060

0.332
0.335
0.032
0.030
0.070

0.069

0.031
0.029
0.952

0.026

0.030
0.227
0.030
0.035

O0.041
0.Ck3

0.026
0.028

0.029
0.025

0.026
0.032
Jd.027
0.231
0.026

TIMES TIED
INT EXT
16 “
8 0
16 2
16 8
16 0
8 0
A 3
4 0
0 4
0 6
16 0
8 0
) 0
16 16
0 2
0 2
8 0
8 16
0 5
0 16
7 0
14 22
11 2
“ 0
2 2
2 2
7 21
7 7
5 0
5 w2
19 25
4 0
2 0
5 0
14 28
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