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The Austrian Gravity Base Net 1 995 

Diethard Ruess, Wolfgang Gold, Vienna 

Abstract 

The Austrian Gravity Network is one of the tasks of the Federal Office of Metrology and Surveying (BEV) in  
Vienna. A revision of the old existing network were started 1 981 . New stations were established and relative mea­
surements were made with LCR gravimeters only. The neighboring networks were connected with the Austrian 
network. Since 1 987 the absolute gravity meter J ILAG-6 has been used for observations on 28 stations of the 0. 
order. Two different national network adjustments and an European adjustment were calculated. The results were 
compared and contrasted with the absolute observations. The maximum difference is less then 30 µGai, the aver­
age difference is less than 1 .5 µGai. 

Repeated absolute measurements twice a year have been done on a station in the Central Alps of Austria to 
check the stability of the gravity values. The amplitude of these results is 8·1 o-s m/s2 (8 µGai). 

1 .  lntroduction 

The Federal Office of Metrology and Surveying 
in Vienna has a long tradition in determining the 
gravity. First observations were made 1 878 in 
Vienna with a Repsold Pendulum by Theodor R. 
v. Oppolzer of the k. k. Gradmessungsbüro. 
Further measurements were made by Robert D. 
v. Sterneck. The Vienna Gravity System was es-
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tablished and valid unti l 1 909 when the Potsdam 
Gravity System was decided by the IAG. In the 
501h and 601h relative measurements were possi­
ble using the relative gravimeters N0rgaard and 
Worden. Therefore a base station network was 
establ ished and derived from the European Cali­
bration Une which crossed Austria between Kuf­
stein and Brenner. At the end of the 701h a lot of 
these base stations were lost. In 1 980 four new 
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absolute gravity stations were established in 
Austria, measured by 1 .  Marson with the rise 
and fall apparatus IMGC of ltaly [1 ] .  New relative 
gravimeters were avai lable and a lot of geophysi­
cal projects demanded a new homogeneous and 
practical gravity base network. Since 1 987 the 
JILAG-6 free fall absolute gravimeter (figure 1 )  
has been used for several new absolute stations 
in Austria (7]. The results of these observations 
have been introduced in the gravity network. 

2. The Austrian Gravity Base Net (ÖSGN = 

Österreichisches Schwere-Grund-Netz) 

A lot of d ifferent tasks in geodesy, geophysics 
and technical applications effect the necessity 
of a homogeneous distribution of gravity base 
stations with high accuracy. The mountainous 
area of Austria causes the number of 236 main 
stations of the order 0.  - 2. The stations of the 
order Zero are defined as absolute stations. A 
primary network of further 20 stations (1 . order) 
was established in the area of important junc­
tions in 1 981 - 1 985 [6]. At least in the 2 .  order 
a distribution of one station on each page of the 
Austrian Map 1 :50.000 (1 station/ � 520 km2) 
was aimed. The final distribution is shown in fi­
gure 2.  One to three witness stations were es-

Fig. 1: The absolute gravitymeter JILAG-6 

tablished in the surrounding of each main station 
and somewhere points of 3 .  order complete the 
number of about 720 stations (table 1 ). 

The most of the relative measurements were 
observed by the La Coste & Romberg gravity 
meters D-9, D-51 , G-625. The ÖSGN is con­
nected with the networks of the surrounding 
states (table 2). 

3. Network Adjustments 

A first homogeneous adjustment was pre­
sented at the XX. IUGG Assembly 1 991 . Further 

ÖSGN 

order stations cr[µGal] determination instruments 

0 28 4-8 absolutely J ILAG-6 

1 1 39 5-1 0 relatively, directly and jointly 2-4 LCR 

2 446 5-1 5 relatively, jointly 1 -3 LCR 

3 1 06 8-20 relatively, directly 1 LCR 

0-3 7 1 9  4-20 summary 

Table 1: Station groups of the Austrian Gravity Base Network (June 1995) (cr [µGai}: adjusted error of the absolute g­
value on a station) 

Connection to the time connections 
surrounding states 

ltaly 1 985 2 

Switzerland I Liechtenstein 1 982-85, 1 994 6 

Germany 1 982-85 1 9  

Czechia 1 991 , 1 995 34 

Slovakia 1 991 4 

Hungary 1 992 1 2  

Slovenia 1 995 1 1  

Table 2: Gravity network connections with surrounding countries 
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analyses were done and the main part of the 
Austrian gravity network is included in the new 
European Gravity Network. According to the ac­
curacy of the absolute gravity values the mean 
error of the adjusted values is better than 
8 · 1 0-8 m/s2 (8 µGai). 

The solutions of the three different types of 
network adjustments are compared and pre­
sented. 

3. 1. Iterative Solution of the Austrian Gravity­
network (/SAG) 

At the same time when the measurements in 
the new gravity network were started the values 
of the base stations were needed for different 
other g ravity projects. Therefore it was neces­
sary to make a first partially network adjustment. 
The distribution of the measured network con­
nections was very inhomogeneous until 1 985. 
Therefore it was not possible to use modern ad-

iterative adjustment of the OESGN 

average g 
(weighted) table of stations 
OESGN 

calibration function 

Fig. 3: Data flow diagram of the iterative method 
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justment computing models using matrix algo­
rithms. 

Therefore a method was developed which al­
lows to calculate new station values for each 
measuring cycle beginning on weil known start­
ing points. The Gaussian law of propagation of 
errors was used straight. The new values on 
each station were given by the weighted mean 
of the results of the certain cycles and then 
used for a new turn of calculation. This proce­
dure is a modification of the technique of Aner 
and lichte "The adjustment of a trigonometric 
elevation network" [1 2]. The data flow diagram 
is shown in figure 3. 

The first step used was to calculate the g-va­
lues by the daily observation cycles, beginning 
at the absolute stations. 

1) calculation of relative g-values using the cali­
bration function of the certain instrument and 
correction of tidal and dritt effects =? g-values 
of each daily station + unknown offset 

2) calculation of the unknown offsets by using 
absolute stations and prel iminary values 

3) recalculation of the station - values 
4) computing the average value by using all re­

sults of 3) 
5) back to 2) 

lntroduced data: 3826 relative observations 
1 07 absolute observations 

which give the datum 
27 foreign network values 

3.2. ANAG (ANalyse AusG/eich) 
This adjustment system is a modified version 

of the 30 network adjustment program system 
ANAG which is used in the BEV to adjust control 
points [1 3] .  The part of the adjustment of the 
heights was befitted for the gravity network ad­
justment. 

The observation equation is given by: 

V;j = gdi - gd; + [(gj - Q;) - Llg ij] 
Llg;i observations 
9i.9i prel iminary g-values 
gdi, gd; unknowns 

Used data in the adjustment: 2439 Llg values 
769 stations 

The Llg values were computed by using the 
adjustments of the daily observations (dritt & 
tide corrected). lt is the same data set as in 
3.1 . 1 ). 

The absolute g-values are included by using 
the fixed g-values and a pseudo-difference of 
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zero to an identical relative station. The rectifica­
tion's of these zero-differences corresponds to 
the rectification's of the absolute values. The ac­
curacy of the absolute measurements are used 
for the wei9ht of the pseudo-difference 0. 

The errors of the prel iminary (daily) adjust­
ments are used for the wei9ht of the 9-differ­
ences by eliminatin9 the extremes (5 s cr s 30). 
An error proportional to the 9-differences (2 µGai 
/ 1 00 mGal) is used. 

Therefore the extremes of the errors are: 
1 .2 s cr s 8.5 

and the used wei9hts are: 0.001 3 s p s 0.069 
The error bars of the results of the adjustment 

are shown in fi9ure 4. 
The absolute stations in Austria measured in 

1 987 - 1 994 with the JILAG-6 9ive the datum of 
the adjustment, additionally the station Munich 
of the DSGN 80 was used. 

3.3. UEGN 

The Austrian observations of the 0. and 1 .  or­
der observations and some important parts of 2. 
order measurements are included in the adjust­
ment of the Unified European Gravity Network 
UEGN [1 ] . All the superior parts of the most wes­
tern European countries are included. For this 
adjustment all the row - data of the field obser­
vations were used. These data were evaluated 
usin9 a un ified al9orithm of dritt calculation and 
corrected with the newest earth tide model. 
Therefore inconsistencies due to different na­
tional computin9 al9orithms were avoided. 

The dispositions of the rectification equations 
are: 

on absolute measurements: 

V; =  9i - 9; 

with 

v; residua/s of the observations 
9i estimated station value 
9; observed value (earth tide corrected) 
on relative measurements: 

V; = 9i + 01 + z/9 + tjdl + rj 
with 

V;, 9i as above 
o1 unknown offset of a measuring cyc/e 
zi observed value (reading) 
f9 calibration factor of the instrument 

· ti time of observation 
d1 linear dritt coefficient in a cyc/e 

280 

ri gravimeter reading # i, earth tide corrected, 
calibrated 

The datum of the adjustment corresponds to 
the 1 23 used absolute measurements. 

4. Comparisons with the absolute stations 

The results of the 3 different kinds of network 
adjustments were compared with the 9iven ab­
solute values (table 3). The mean errors are very 
close to9ether. The hi9her mean value of the 
UEGN error - results is caused by a smaller 
number of used relative observations. Therefore 
the bi9 difference of 44 µGai in the UEGN at 
Mannswörth is declared by only a few week rela­
tive connections to the other stations on one 
hand and by not usin9 the absolute value on the 
other hand. Also further 5 absolute values are 
not introduced in the UEGN. The avera9e resi­
duals of the different adjustments lay between 
-1 . 7 (UEGN) and + 0.6 (ANAG). So a good a9ree­
ment could be found in all three types of adjust­
ments. 

5. Comparisons with further network stations 

The results of the different adjustment routines 
were compared on 4 7 si9nificant base stations 
and presented in table 4. The extremes in the 
discrepancies are -27 and + 32 and wi l l  be found 
in the row UEGN - ANAG. The maximum discre­
pancies between ANAG and ISAG is -1 3 and 
+ 1 8. The reason of the smaller disa9reements is 
caused be the 9reater number of used observa­
tions. 

The 9ravity niveau of the UEGN fits very good 
to the results of ISAG (- 0.5 µGai). The n iveau 
of ANAG seems to be hi9her by about 1 .5 µGai 
than the results of ISAG. 

6. Checks on stabil ity of absolute gravity ob­
servations 

The long term stabil ity of 9ravity can only be 
checked by repeated absolute observations. In 
Austria this was possible only on few stations. 
The most frequented absolute stations are Ober-
9ur9I and Vienna. Repeated measurements are 
also planned in 9eodynamic sensitive zones. 

In Obergur9I (Ötztal in Tyrol) repeated absolute 
observations have been made twice a year since 
1 987 every spring and autumn with the J ILAG-6 
instrument [1 1 ] . The 9oal of these measurements . 
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Comparison between 3 different adjustments of the Austrian Gravity Base Net 
ÖSGN Name ABS ± ISAG ± ANAG ± UEGN ± ISAG- ANAG- UEGN-
UEGN ABS ABS ABS 

0-021 -00 Altenburg-0 867386 6 867383 5 867381 4.3 867371 5 -3 -5 -1 5 
1 764 

0-021 -01 Altenburg-W 868930 5 868935 5 868929 4.9 868927 9 5 -1 -3 
1 85 1 *  

0-050-00 Kremsmünster 741 249 1 5  741 259 5 741 273 4.5 741 260 5 1 0  24 1 1  
1 769 

0-059-00 Wien 849543 2 549544 5 849544 3.9 849542 3 1 0 -1 
1 772 

0-059-1 0  Mannswörth 837769 7 837760 5 837756 5.9 837725 1 2  -9 -1 3 -44 
1 863* 

0-071 -00 Göstl ing 681 846 6 681 845 5 681 852 4.4 681 841 5 -1 6 -5 
1 775 

0-076-00 Hirtenberg 81 3033 3 81 3033 5 81 3034 5.6 81 3036 6 0 1 3 
1 778 

0-076-01 Tattendorf 81 0686 3 81 0686 5 81 0688 6.4 81 0694 9 0 2 8 
1 854* 

0-077-00 Seibersdorf 829677 5 829675 5 829675 5.5 829675 5 -2 -2 -2 
1 780 

0-077-01 Unterwalters 822607 4 822607 5 822604 6.4 822603 7 0 -3 -4 
1 857* 

0-077-02 Ebreichsdorf 81 801 4 4 8 1 8015  5 8 1 8019  5.5 81 8024 8 1 5 1 0  
1 859* 

0-078-00 Kaisereiche 795426 4 795430 5 795435 5.8 795429 7 4 9 3 
1 784 

0-082-1 0 Bregenz 650100 7 650104 5 650 1 03 6.4 6501 1 1  7 4 3 1 1  
1 785 

0-1 01 -00 Hochkar 484653 4 484652 5 484657 6.5 484646 8 -1 4 -7 
1 789 

0-1 01 -50 Präbichl 51 3094 9 51 3096 6 51 3097 6.3 51 3095 6 2 3 1 
1 790 

0-1 1 1 -1 0  Koblach 61 2425 6 6 1 241 8 5 61 241 4 6.4 61 2396 1 5  -7 -1 1 -29 
1 861 * 

0-1 1 8-00 Innsbruck 546559 6 546570 5 546568 5.7 564580 7 1 1  9 21  
1 796 

0-1 32- 1 0  Trofaiach 61 6484 8 61 6483 5 61 6482 7.5 61 6482 8 -1 -2 -2 
1 800 

0-1 33-1 0 Leoben 648195 8 648 1 90 5 648191  3 .9  648203 6 -5 -4 8 
1 802 

0-1 40-00 Tisis 588321 7 588331 1 1  588335 6.4 588323 7 1 0  1 4  2 
1 805 

0-1 64-00 Graz 71 551 4 4 71 551 1 5 71 4513  4. 1 7 1 45 1 2  8 -3 -1 -2 
1 81 3  

0-1 73-00 Obergurgl 1 239926 4 239923 5 239922 4.5 239922 5 -3 -4 -4 
1 81 4  

0-1 73-01 Obergurgl 2 239890 2 239891 5 239892 3.9 239892 3 1 2 2 
1 81 5  

0-1 81 -00 Penk 467787 8 467780 5 467782 5.5 467796 6 -7 -5 9 
1 81 9  

0-202-00 Klagenfurt 620236 9 620229 6 620234 6.0 620227 9 -7 -2 -9 
1 822 

001 8/0 München 723 1 37 7 723 1 09 9 723 1 24 7.3 723131  4 -28 -1 3 -6 
1 243 

DU KOESZ Köszeg 784708 5 784706 5 - - 784705 1 5  -2 -3 
1 837 

mean values 5.8 5.4 5.5 7.2 -1 . 1  0 ,6  -1 .7  
1 851 *  absolute value not used in UEGN 

Table 3: Comparisons of 27 used absolute stations and the different adjustment results 
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Results of adjustments (main stations) 980 „ . . . .  [r1Gal] differences 

ÖSGN Number ISAG (J ANAG (J UEGN (J ANAG- UEGN- UEGN-
ISAG ISAG ANAG 

1 -01 6-00 776.237 5 776.243 7 776.232 8 5 -5 -1 1 

1 -025-00 882.229 5 882.236 5 882.221 8 7 -8 -1 5 

1 -047-00 740.1 1 0  5 740. 1 1 8  6 740. 1 1 8  7 8 8 0 

1 -050-02 740.394 5 740.402 6 740.406 7 8 1 2  4 

1 -054-00 855.361 5 855.374 6 855.365 7 1 3  4 -9 

1 -055-01 861 .61 8 5 861 .625 8 861 .61 5 9 7 -3 -1 0 

1 -059-00 849.546 5 849.550 4 849.539 5 4 -7 -1 1 

1 -059- 1 0  837.662 7 837.665 6 837.641 1 2  3 -21 -24 

1 -061 -00 851 .691 5 851 .700 5 851 .686 8 9 -5 -1 4 

1 -071 -00 683.1 47 5 683 . 1 54 4 683.1 42 5 7 -5 -1 2 

1 -074-00 71 1 .440 5 71 1 .449 1 0  71 1 .425 8 9 -1 5 -24 

1 -076-00 81 2.6 18  5 81 2.620 5 81 2 .625 6 2 7 5 

1 -076-01 81 0.347 5 81 0.350 5 81 0.352 7 3 5 2 

1 -077-00 829.4 10  5 829.41 3 8 829.41 4 7 3 4 1 

1 -077-1 0 837.967 5 837.976 5 837.970 7 9 3 -6 

1 -082-1 0 650. 1 90 5 650. 1 86 7 650. 1 83 1 3  -4 -7 -3 
1 -093-00 670.597 5 670.603 6 670.609 6 6 1 2  6 

1 -097-00 570.794 5 570.797 7 570.808 9 3 1 4  1 1  

1 -1 01 - 1 0  641 .992 5 642 .01 0 6 642.007 9 1 8  1 5  -3 

1 - 1 0 1 -30 484.808 5 484.81 8 7 484.81 3  1 2  1 0  5 -5 

1 -1 1 1 -1 0  61 2.404 5 61 2 .398 7 61 2.381 1 3  -6 -23 -1 7 

1 -1 1 8-00 546.254 5 546.249 6 546.265 7 -5 1 1  1 6  

1 -1 20-00 608.969 5 608.972 7 608.968 8 3 -1 -4 

1 -1 23-00 523.939 5 523.945 7 523.944 9 6 5 -1 

1 -1 32-1 0 61 6.462 1 0  61 6.463 9 61 6.436 7 1 -26 -27 

1 - 1 33-1 0 647.553 5 647.556 4 647.560 8 3 7 4 

1 -1 36-00 71 1 .940 5 71 1 .937 8 71 1 .936 8 -3 -4 -1 

1 -1 40-00 588. 1 84 5 588. 1 76 7 588. 1 72 6 -8 -1 2 -4 

1 -1 41 -00 489.751 5 489.738 1 0  489.760 8 -1 3 9 22 

1 -1 44-00 476.672 5 476.667 8 476.685 6 -5 1 3  1 8  

1 -1 57-00 466.1 56 5 466.1 67 7 466.1 71 1 0  1 1  1 5  4 

1 - 1 6 1 -00 581 .868 5 581 .868 8 581 .875 8 0 7 7 

1 -1 73-00 239.91 4 5 239.91 6 5 239.91 0 6 2 -4 -6 

1 -1 79-00 522.487 5 522.483 7 522.490 1 1  -4 3 7 

1 -1 90-08 707.1 32 8 707.1 42 8 707 . 1 24 1 2  -1 2 -8 -1 8 

1 -202-01 622.405 5 622.403 6 622.404 1 0  -2 -1 1 

2-001 -00 825.997 5 825.987 2 825.978 9 -1 0 -1 9 -9 

2-005-00 81 8.525 5 81 8.520 9 81 8.503 1 7  -5 -22 -1 7 

2-1 00-00 643.555 5 643.569 5 643.560 8 1 4  5 -9 

2-1 07-00 776.278 5 776.276 7 776.276 1 0  -2 -2 0 

2-1 1 1 -00 623.737 5 623.734 7 623.740 9 -3 3 6 

2-1 1 6-1 0 562.679 5 562.676 6 "562.693 1 1  -3 1 4  1 7  

2-1 45-00 5 1 6.21 0 5 51 6.203 8 51 6.235 6 -7 25 32 

2-1 46-00 490.001 5 489.992 8 490.007 7 -9 6 1 5  

2-1 73-00 344.982 5 344.974 9 344.970 8 -8 -1 2 -4 

2-201 -00 577.692 5 577.685 9 577.693 6 -7 1 8 

2-205-00 647.433 5 647.434 7 647.440 1 2  1 7 6 

mean values 5 7 9 1 ,3 0 ,4 -1 , 1  

Table 4:  Comparisons on a sample of  47 main base stations of the ÖSGN 
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is the investigation in slow changing gravity in 
the area of the Central Alps. Possible reasons 
are the changing of the air pressure in wide sur­
roundings and the seasonal changing in the hy­
drological equi l ibrium. This effects wi l l  also 
cause d ifferent loading of the earthcrust and its 
response in deformations (1 4]. The graph of the 
observation - series is shown in figure 5. An evi­
dence of a correlation to the effects mentioned 
above is not yet produced. Also the upl ift of the 
Alps (1 mm/y) calculated with levell ing data [3] 
does not expect increasing of the gravity. Possi­
ble explanations may be found in changing of 
the water budget in this area. Further i nvestiga­
tions will be done. 
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Fig. 5: Repeated absolute gravity measurements in the 
Central Alps. 

7. Conclusion 

lt was shown that three different methods of 
adjustments of the Austrian Gravity Base Net­
work (ÖSGN) give the same results within the ac­
curacy of the adjusted values. The accuracy of 
gravity at the Stations is better than 8· 1 0-8 m/s2 

(8 µGai). Therefore a high precision base network 
is available in Austria for all tasks in Gravity. 
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