Intercomparison between the FG5#202 and FGG#206 at the site of the superconducting gravimeter C021 in Membach (Belgium)
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Introduction
In January 1997, the Strasbourg absolute gravimeter FG5#206 was collocated in Membach with the Royal Observatory of Belgium’s (ROB) FG5#202.  The ROB’s superconducting gravimeter (SG-C021) has been running at this station since August 1995 (Francis et al., 1997).  Repeated absolute gravity measurements were made.

The first absolute gravity measurements were performed here by J. Mäkinen with the JILAG-5 meter in 1990 (Francis et al., 1994).  Since January 1996, the ROB has performed more frequent measurements with their FG5#202 in order to calibrate the SG-C021 as well as to monitor its drift (if any).

We report here two kinds of comparisons.  First, the data from both absolute gravity meters are compared.  Then, we compare the absolute gravity data to the SG data.  The SG calibration factor is estimated using both sets of absolute gravity measurements.

1. Comparison between the FG5#202 and FG5#206

The two FG5s were setup in the same room separated by about 4 meters.  The simultaneous observations started on January 21 at 14:30 and ended on January 24 at 12:15.  A data sampling rate of 1 observation/10 second was chosen to be synchronized with the SG data.  The set duration is 15 minutes every 30 minutes giving us an interval of 15 minutes between sets.  We collected 141 sets covering almost 3 days. Data corrupted by earthquakes were discarded.  The remaining 128 sets, containing 11,648 drops (or measurements), were analyzed.

The FG5 results from the two instruments are summarized in Table 1.  Although the drop-to-drop mean standard deviation of the FG5#206 is lower, the set standard deviations are very similar.

The difference between the set gravity mean at the reference point of the floor is about 23.9 microGal.  This difference has been confirmed by measurements of the ROB team using a Scintrex spring gravimeter.  In this case, the gravity mean difference is 23.8 with a standard deviation of 1.0 microGal.  We conclude that the measurements of the two FG5 are consistent to within 1 microGal.
Table 1. Summary of the absolute gravity measurements with the FG5#202 and #206 at two different piers in Membach.

Parameter
FG5#202 / Pier 1
FG5#206 / Pier 2

Set Gravity Mean @ 0 cm ((Gal)
981 046 709.2
981 046 685.3

Set Standard Deviation ((Gal)
1.3 
1.4

Mean Standard Deviation ((Gal)
11.7 
8.6

Difference ((Gal)
23.9

Difference measured with a Scintrex ((Gal)
23.8 ( 1.0

2. Calibration of the SG C021 with two FG5 absolute gravimeters

The times series of the absolute gravimeters were compared to data collected by the superconducting gravity meter.  By adjusting the relative gravity measurements for the SG-C021 to the absolute gravity time series (Figure 1), we obtain the calibration factor for the SG meter.  This kind of calibration procedure is generally performed with one absolute gravimeter.  In the present experiment, we have two FG5s running at the same time.
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Figure 1. Parallel registration of the superconducting gravimeter C021 (white line) and the FG5#206 absolute gravity meter (crosses) in Membach (Belgium).

The results for the calibration factor using data from the FG5#202 and #206 are given in Table 2.  The number of data used is slightly different because more data were rejected in the FG5#202/SG comparison because the FG5#202 time series is more noisy.  Error bars on the offset and on calibration factor estimates, as well as the RMS value are highest when using data of the FG5#202.  However, the correlation coefficient is smaller.  The two scale factor estimates differ by 0.3 microGal/Volt or by 0.4 %.  Moreover, the 2-sigma error bars are consistent.  Results from other calibration experiments (Francis, 1996 and Francis et al., 1997b) show that to reach a precision of 0.1 % on the calibration factor parallel registration should continue for 4 to 6 days.  This result was obtained at Membach and Boulder, two quiet stations, with different instruments.  With two days of data (as in this present experiment), one may expect a precision of 0.4 %.  Our present results are in fairly good agreement with the results of previous experiments.  At this stage, the difference in the results cannot be attributed to instrumental problems as a better agreement is expected if 4-6 days of data were available.

Table 2. Results of the linear regression between data of the SG-C021 superconducting gravimeter and of two FG5 absolute gravimeters: y = a + b x where a is the offset and b the calibration factor.

Parameter
FG5#202
FG5#206

Number of data
11,492
11,470

a ((Gal)
347.46 ( 0.53
319.19 ( 0.29

b ((Gal/Volt)
77.76 ( 0.02
78.06 ( 0.01

Correlation Coefficient
0.982
0.990

R.M.S. ((Gal)
11.67
8.66

The mean value of the calibration factors estimated from both FG5 corresponds exactly to the calibration factor of the SG deduced previously (Francis, 1997).  It means that the new estimated calibration factors differs by 0.2% with respect to the reference value.

3. Discussion

As a final test, we have differenced the mean set values of the FG5s observations (Figure 2a).  The standard deviation on the difference is 1.77 microgal with minimum and maximum deviations of  -5.96 and  +4.3, respectively.  There is an obvious trend of -0.74 microGal/day.  It seems that the absolute gravity measurements of one or of both absolute meters have a drift.

In order to investigate this result further, we have also computed the differences between the FG5s data and the calibrated SG data averaged over the time of the sets.  The results are displayed in Figures 2b and c.

Comparisons of FG5 data with the SG time series reveal a drift of +0.26 microgal/day with the FG5#202 and of -0.48 microgal/day with the FG5#206.  Since the sum of the drifts of the FG5s with respect to the SG is comparable to the drift of the FG5s with respect to one another, we can conclude that the SG has no drift.
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Figures 2. Differences, (a) between the mean set values of the FG5#206 and #202, (b) between the FG5#202 and the SG-C021 data averaged over the time of the sets, and (c) between the FG5#206 and the SG-C021 data averaged over the time of the sets.
Conclusion

The intercomparison between the FG5#202 and #206 shows an agreement within 1 microGal at the Membach station.  Only 2 days of data were available so that the determinations of the calibration factor of the SG-C021 are not precise.  Nevertheless, we found that both FG5s data show a drift of the order or less than 0.5 microGal/day. Over these 2 days, the SG-C021 does not exhibit any drift.
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