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1         Introduction

The  increasing  accuracy  of  gravimeters  especially  of  those  with  superconducting  technology  and  the
comparison between many stations and working groups in projects like  the  “Global Geodynamic  Project
(GGP)” lead to the problem that possible differences in the results occur from differences in used analysis
programs. This article describes three of the widely used analysis programs for earth tide analysis and shows
the results of some comparing investigations made at the GFZ Potsdam for a diploma thesis.

2         Preprocessing

Before the tidal analysis can be performed the raw gravity data have to be repaired and filtered. This is done
by using a pre-processing software. Two of these programs were also tested (PRETERNA 3.30 and TSOFT
1.1.4).

The preprocessing can be divided into several parts:
-        calibration of the data
-        calculation of the gravity residuals
-        removing of spikes, steps and interfering signals
-        filling of data gaps by theoretical values
-        filtering and decimation to the required sampling rate for the tidal analysis software.

Central step is the correction of the data. The automated and hand made correction of steps and spikes is
different for both programs. The automatically correction of large or multiple steps is not possible with both
programs. In program PREGRED from the ETERNA-package it is difficult to overlook the data set with the
small zoom functions. Corrected and uncorrected signals are visible in program TSOFT. Each correction can
be rejected. Many mathematical and stochastically calculations can be applied on the data. A lot of datasets
can be managed and handled in the program simultaneously. The user can program an automation of the
correction without loosing visible control.

Within the other steps of the preprocessing the two programs behave equal. ETERNA-package is in some
parts even more powerful by using the newest tidal potential catalogue and tuned digital numerical filters. The
program TSOFT computes the filter coefficients each time they are needed according to the settings by the
user. But this great choice possibly bears errors.

3         Description of the Analysis Programs

The following three widely used analysis programs were tested in this work:

-          Program ANALYZE from the ETERNA-package, version 3.30, by H. - G. WENZEL [WEN-96a],
[WEN-96b]

-          Program BAYTAP-G in the version from 15.11.1999 by Y. TAMURA [TAM-91]
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-          Program VAV in the version from April 2002 by A. P. VENEDIKOV et. al [VEN-01]

The changing gravitational forces from sun, moon and the planets affect the earth. In the earth’s centre of
mass this gravitational force is compensated by the centrifugal forces due to the motion of the earth around
the sun and due to the motion of the earth around the barycentre of the moon-earth system respectively.
Centrifugal acceleration is constant in every point of the earth but gravitational acceleration is different due
to  spatial  extent  of  the  earth.  The  small  resulting  acceleration  is  called  tidal  acceleration.  The  tidal
acceleration in a fixed point of the earth changes with time because of earth rotation and movement of the
participating bodies.

The changes of the tidal acceleration in a fixed point can be recorded by the use of e. g. a gravimeter. But the
recorded data series y(t) does not only consists of the observed tidal gravity signal w(t) but also contains
further information:

(1) y(t) = w(t) + d(t) + a · a(t) + e(t).  

Term d(t) describes the drift of the gravimeter. Term a(t) is a time series with meteorological or hydrological
data. Coefficient a describes the influence of this additional parameter onto the gravity measurement. Further signals
and measurement errors are combined in term e(t).

An analysis  program corrects  the  observed  signal  y(t)  by  eliminating  the  drift  series  and  the  influence  of  the
meteorological and hydrological signals. Using the coordinates of the station and a tidal potential catalogue a theoretical
tidal gravity signal is computed. A comparison between this theoretical and the observed tidal gravity signal is used to
estimate a set of tidal parameters (amplitude factor and phase lead) for the station. The tidal parameters amplitude
factor and phase  lead  cannot  be  determined for each wave  noted  in the  tidal  potential  catalogue.  Following the
RAYLEIGH-criterion the waves of the used tidal potential catalogue are stacked together to wave groups
[VEN-61]. For each of these groups the tidal parameters amplitude factor and phase lead are estimated.

After  some  general comments on  each  program its  methods are  described  to  compute  tidal parameters,
influence of additional signals and accuracy of the results.
 

3.1        ANALYZE

The program is based on a  method developed by CHOJNICKI [CHO-73] and improved by SCHÜLLER
[SCH-76] and WENZEL [WEN-96a]. A least square adjustment is used to estimate the tidal parameters, the
meteorological  and  hydrological  regression  parameters,  the  pole  tide  regression  parameters  and  the
TSCHEBYSCHEFF  polynomial  bias  parameters  for  drift  determination.  The  amount  of  data  is  nearly
unlimited. Every kind of earth-tide data (gravity, strain, tilt and displacement) and up to eight channels with
meteorological and hydrological data can be analysed. The user can determine the range of up to 85 wave
groups. One tidal potential catalogue out of seven including the newest from HARTMANN and WENZEL
[HAR-95] can be chosen to calculate the theoretical tidal signal. On the other hand the requirements on the
format of the data and the parameter file are very stringent [WEN-96b].

The model used for least square adjustment is:

 (2)

where ℓ(t) = Observed gravity signal
v(t) = Improvements to the observations
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Xj, Yj = Linear form of unknown tidal parameters Hj (amplitude factor)
and DFj (phase difference) for each wave group j:
Xj=Hj·cosDFj
Yj=Hj·sinDFj

COj, SIj = Factor of theoretical tidal parameters Aj (amplitude) and Fj
(phase) for each wave i in the wave group j, starting with wave ai
and ending with wave ei:

 =   Amplification factor from digital highpass filter (equal 1 if
drift is approximated by polynomials)

Dk, Tk = Coefficients (Dk) of TSCHEBYSCHEFF-polynomials Tk of degree
k

Rm, zm = Regression coefficients (Rm) of additional channel number m (zm)
 

A possible drift in the data is eliminated by highpass filtering or is approximated by TSCHEBYSCHEFF–
polynomials  (Tk)  whose  coefficients  (Dk)  are  also  estimated  in  the  least  square  adjustment.  The  filter
coefficients for different numerical digital filters are included in the ETERNA-package. But the method of
high pass filtering can only be used when no long periodic waves shall be determined. Together with the
analysis  of  long  periodic  waves  the  drift  has  to  be  eliminated  by  an  approximation  through
TSCHEBYSCHEFF-polynomials.

The influence of the air pressure data (or other meteorological or hydrological signals zm(t)) onto the gravity
measurement is determined by a linear regression. In the case of highpass filtering the air pressure data are
filtered too and the regression is computed with the filtered data.

The  accuracy  of  each  parameter  is  determined  in  the  least  square  adjustment  in  the  form of  standard
deviations. The standard deviations of the tidal parameters are too optimistic and therefore corrected. They
are multiplied by a factor that is derived from the spectrum of the residuals [WEN-96b].
 

3.2        BAYTAP-G

This program is based on a  method called  Bayesian  prediction,  developed in  1976 by HARRISON and
STEVENS [HAR-76]. The method has been modified in Japan since 1983 for the use with earth-tide data. All
kinds  of  earth-tide  data  can  be  analysed,  but  only  three  additional  channels  with  meteorological  or
hydrological data are possible. The requirements are very stringent to the format of data and parameter files.
The arrangement of the tidal wave groups is done automatically depending on the length of the time series,
but the user can change the wave group boundaries by editing the corresponding file [TAM-90], [TAM-91].
The tidal potential catalogues from TAMURA [TAM-87] or CARTWRIGHT-TAYLOR-EDDEN [CAR-73]
can be used.

Tidal parameters, drift and meteorological parameters are estimated through an iterative method similar to
least square adjustment by minimizing the term [TAM-90]
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(3)  

Am and Bm are the linear expressions of the unknowns amplitude factor and phase lead for each m of the M
wave groups at all. Cmj and Smj are computed from the tidal potential catalogue using all j waves contained
the mth wave group. This tidal part is subtracted from each observation yi (n datapoints in total) together with
the drift-value di and the term describing the influence of additional channels x(t) onto the measurement (see
equation (5)). D and WEIGHT are called hyperparameters and can be defined in the parameter file.

The  second  line  of  equation  (3)  is  used  for  drift  computation.  Within  this  program  the  drift  is  not
approximated by low degree polynomials. Here the drift is computed separately in each datapoint. The drift
behaviour is characterized by the formula:

(4) di = 2di-1 - di-2 + ui  

Here ui is the stochastic part denoting a white noise sequence. di is the drift value at the current datapoint;
di-1 and di-2 are the drift values in the two previous datapoints. The hyperparameter D can be used to fit the
drift model to the data. A large value for parameter D causes an almost linear drift model; a small value leads
to a drift model bending close to the data.

A similar  possibility  is  given  with  hyperparameter  WEIGHT in  the  third  line  of  equation  (3).  Here  the
variability of the tidal parameters can be chosen. But this option is only useful if too many tidal parameters
shall be estimated from too poor data.

The influence onto gravity measurement is computed by regression for maximum three additional signals. But
exceeding a simple linear regression the influence of more datapoints than the actual datapoint can be used:

 (5)

Here parameter k gives the number of computation points for regression and Dt the time lag between the
computation points if k > 0.

Within the iterative search the hyperparameter D is adjusted to get the best combination between parameters,
measured data and tidal parameters. At the end of each turn an ABIC-value (ABIC = AKAIKE Bayesian
Information Criterion) is computed. The solution with the smallest ABIC-value is the final one where data,
parameter  and drift  fit  each  other  best.  This ABIC-value  is  also  the  only  useful accuracy statement.  A
standard  deviation  is  computed  but  following the  author  of  this  program it  is  simply  derived  from the
ABIC-value. So this standard deviation is not comparable to standard deviations from the other programs.
 

3.3        VAV

Program VAV is based on a method called MV66 [VEN-66a], [VEN-66b] and an improvement of program
NSV [VEN-97]. The data file can be adopted from program ANALYZE, but program VAV has its own format
for  data  files and uses own input  files for  tidal wave  grouping and parameter  settings.  The  wave  group
arrangement is done automatically depending on the length of the data set. Also a grouping variant can be
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chosen from a special input file. The used tidal potential catalogue is from TAMURA [TAM-87].

The  fundamental  idea  of  the  program NSV [VEN-97]  is  a  filtration  of  the  original  data  containing an
elimination of the drift and the separation into several pairs of series (step 1). Each pair contains signals from
one main tidal species (D, SD or TD). The unknown tidal parameters for each tidal species are determined
simultaneously  but  separately  (step  2).  This  leads  also  to  a  frequency  dependent  accuracy  statement
(AKAIKE  Information  Criterion  (AIC-value)  and  standard  deviation).  Both  steps  are  also  contained  in
program VAV but the separation in step 1 is not restricted to main tidal species. Here a wide spectrum of
frequencies can be chosen by the user. Step 2 is using all the separated tidal species in a single least squares
adjustment. An improvement of program VAV is the possibility to use data with different sampling rates and
with several gaps in the same run without the need for interpolation [VEN-01].

The original data set Y is divided into N intervals yi of equal length. Each set contains n data points (n · N =
M = total number of data points). n differs between the intervals, if the data are unequally spaced. Tidal
parameters and air pressure regression coefficient are determined in a least squares fit together with the drift
polynomial coefficients by minimisation of the following expression:

 AX + PZ + E = Y (6)

where  AX  is  the  tidal model including terms for  the  air  pressure  correction.  Vector  X  is  the  vector  of
unknowns. Matrix E is the noise of the measurement. The model of the drift PZ is explained next.

In each interval yi the drift is approximated by a polynomial of low degree (0 ≤ k ≤ 3). The matrix-notation of
this looks like

(7)  

with  P  containing the  known polynomials depending on the  time  in  each interval and  Z containing the
unknown polynomial coefficients representing the drift.

For each interval m matrixes c are created. Each matrix represents one of the chosen frequencies for filtering
and separation

(8)  

With j running from 1 to m denoting the angular frequencies used for separation and i running from 1 to N
denoting the intervals. t1, t2, … tN is the time series in each interval. The matrixes cij are transformed to fij
and than merged together for each frequency to

(9)  
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All m F-matrixes are merged together with matrix P to a matrix called D so that

(10) size (D) = (M,M) and DTD = DDT = I  

The resultant identity-matrix depends already on the transformation of the c-matrixes.

Throughout filtering and separation we get

(11)  

The least squares fit (6) can than be changed into one using the filtered values

(12) GX + E’ = U  

without changing the results as shown in [VEN-01], but with estimation of more realistic accuracy statements.

Beside this standard deviation from the least square adjustment an AIC-value is computed. This value is used
to compare different solutions of the same dataset with different parameter settings. The solution with the
smallest AIC-value is the best one.

4         Comparative analysis with synthetic data

For comparing of the three tidal analysis programs a theoretical benchmark series (limited to degree 3) has
been calculated and kindly provided by Bernard Ducarme (Royal Observatory of Belgium). The ten-year
dataset of synthetic tidal acceleration (1 hour sampling rate) was computed for the SG-station BE (Brussels,
Belgium). The used series with disturbed data is also a benchmark series with added red noise from Bernard
Ducarme. The real data  analysed in the  next  chapter was measured at  SG-station SU (Sutherland, South
Africa). The benchmark series are analysed with the three programs ANALYZE, BAYTAP-G and VAV. The
obtained  results  were  compared  to  the  theoretical  tidal  parameters  included  in  the  benchmark  series
(amplitude factor = 1.0, phase lag = 0.0).
 

4.1        Analysis of pure synthetic data

The first  tidal analysis of each program was started with the standard parameter settings (default  values)
offered by the programs (see end of chapter 4.2 for finally used values). All analyses have been carried out
with the TAMURA catalogue [TAM-87].

The following figures show the  differences of the  resolved amplitude  factors (DAF) against  1.0 and the
resolved phase leads (or their difference against 0.0; DPL). Figures 4.1, 4.2, 4.5 and 4.6 show the results for
the three programs and the 31 used tidal wave groups. 31 wave groups is the maximum number of wave
groups to be used with program BAYTAP-G. The spaces between the wave groups on the horizontal scale are
due to figures 4.3, 4.4, 4.7 and 4.8. Here additional a fine wave group splitting with 54 tidal wave groups is
used.

Because  of the  absence  of any perturbation in the  input  data  (synthetic  tidal acceleration) the  programs
should  calculate  the  same  tidal  parameters  as  included  in  the  input  data.  The  difference  between  the
amplitude factors (DAF) or phase lead (DPL), respectively are shown in figure 4.1 and figure 4.2 for the 31
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selected wave groups.

a) ANALYZE

The  difference  of  the  amplitude  factors  DAF is  smaller  than  0.00015  for  all  the  selected  wave  groups
(maximum: 0.00014 for wave groups S1 and PSI1). For the phase lead the difference DPL is smaller than
0.016° (2N2). The application of the HANN-window or a change of the numerical highpass filter lead to
nearly no changes.

b) BAYTAP-G

The deviations of the amplitude factors DAF are similar small (maximum: 0.00013). The biggest DAF are
concentrated on the lower frequencies (wave groups SGMQ1, 2Q1, SIG1). The phase lead has a maximum
deviation at M3 (0.051°). It is astonishing that all DAF are negative (amplitude factor smaller 1.0) and all
DPL positive (phase lead greater 0.0).

 

 

Figure 4.1: Deviations of amplitude factors for analysis of pure benchmark data
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Figure 4.2: Deviations of phase leads for analysis of pure benchmark data

 

 

Figure 4.3a: Deviations of amplitude factors after analysis of pure benchmark data with 31 wave group
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Figure 4.3b: Deviations of amplitude factors after analysis of pure benchmark data with 54 wave groups

 

 

Figure 4.4a: Deviations of phase leads after analysis of pure benchmark data with 31 wave group
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Figure 4.4b: Deviations of phase leads after analysis of pure benchmark data with 54 wave groups
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c) VAV

The deviations of the amplitude factors DAF are smaller than 0.00010 (maximum: 0.00006 for wave group
S1). The DPL are also comparable to the results of program ANAYLZE (maximum: 0.012° for 2N2 and
2Q1).

A further comparison was made by the use of a finer wave group splitting with 54 wave groups instead of 31.
This grouping was used in a second run for the programs ANALYZE and VAV. Program BAYTAP-G is not
able to use more than 31 wave groups. The comparison between programs ANALYZE and VAV is shown in
the figures 4.3 (DAF) and 4.4 (DPL). In the upper part of both figures the results with 31 wave groups are
shown. The wave groups marked with a cross are not analysed within this grouping. In the lower part of both
figures the results of the finer grouping with 54 wave groups are shown.

The graphs are printed with the same scales to see directly any differences between the two grouping variants.
As expected the differences between the two grouping variants are very small. The deviations DAF and DPL
are of course high for the small, new created wave groups (e. g. 3MK1, ALF2, BET2, DEL2, 3MQ2). The
results of some wave groups become a little bit better for both programs by using the finer wave grouping. For
a few other wave groups they become worse.
 

4.2        Analysis of disturbed synthetic data

In a second test theoretical red noise was added to the synthetic tidal acceleration data. The analysis of this
disturbed benchmark series leads to worse results for the three programs.

The analysis with programs ANALYZE and BAYTAP-G lead to similar results of DAF and in some parts also
of DPL (figures 4.5 and 4.6). The maximal deviations are for DAF 0.009 (PSI1) and for DPL 0.6° (SIGMQ1).

The  results  from program VAV are  different  for  many wave  groups to  both  other  programs.  Maximum
deviation for DAF is also on wave group PSI1 but with a value of 0.012. For DPL the maximum deviation is
also on PSI1 (0.56°). But for many wave groups the values and also the sign of DAF and DPL are different to
ANALYZE and BAYTAP-G.

In figures 4.7 (DAF) and 4.8 (DPL) the programs VAV and ANALYZE are compared again. The upper part
of both figures shows again the results of the analysis with 31 wave groups, the lower parts the analysis with
54  wave  groups.  The  results  (DAF and  DPL)  of  programs ANALYZE and VAV do nearly  not  change
between both grouping variants except for the new created tidal wave groups and their direct neighbouring
wave groups (figures 4.7 and 4.8).  The small changes between both wave groupings are as uneven as in
figures 4.3 and 4.4. Here DAF and DPL are very high for the new created wave groups, especially in the semi
diurnal frequency band.

The following parameter settings were used within the three programs to analyse the benchmark series. The
analysis of benchmark data with program ANALYZE leads to best results when using RIGIDEARTH=1, as
was recommended by the author of the program. The HANN-window was not used (HANNWINDOW=0).
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Figure 4.5: Deviations of amplitude factors for analysis of noisy benchmark

 

 

Figure 4.6: Deviations of phase leads for analysis of noisy benchmark
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Figure 4.7a: Deviations of amplitude factors for analysis of noisy benchmark data with 31 wave groups

 

 

Figure 4.7b: Deviations of amplitude factors for analysis of noisy benchmark data with 54 wave groups
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Figure 4.8a: Deviations of phase leads for analysis of noisy benchmark data with 31 wave groups

 

 

Figure 4.8b: Deviations of phase leads for analysis of noisy benchmark data with 54 wave groups

 

Parameter NUMFILNAME does not really have influence on the analysis (NUMFILNAME=n1h1h007.nlf
and 002 were finally used). The results (DAF and DPL) get better for some wave groups for others they get
worse. WAVEGROUPI and TIDALPOTEN were fixed to use the same wave grouping and tidal potential
catalogue in all three programs.

Program BAYTAP-G leads to best results with LOVENM=0 (similar to RIGIDEARTH). Parameter DMIN,
managing the search for the smallest ABIC-value, had to be set to something equal 0.1. Then the search for
the smallest ABIC-value comes to an end. But the parameter DMIN has not much influence on the results as
long as the solution with the smallest ABIC-value is detected. Parameter P4FLAG which includes the waves
of potential of degree 4 is best  set  equal 1 (4th order potential is contained) and parameter ORDER = 2
managing the variability of the drift (ORDER = 2 in the midterm of equation (3)). Parameters ITH=1 and
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IPOTEN=2 are fixed to use the tidal potential catalogue of TAMURA. SPAN and SHIFT were set to 0 to
analyse the whole data set in just a single run.

The variety of parameters within program VAV is very big (three times as much as for programs ANALYZE
and BAYTAP-G). But for the analysis of this benchmark series a lot of them are not used anyway. The time
window (length of the filter intervals) had a length of 48 hours and the power of the drift polynomials was set
to 3. In this drift time series the long periodic tidal waves are included. The long periodic signals cannot be
eliminated  by  filters.  The  only  other  possibility  is  to  analyse  this  long periodic  waves  too.  The  filter-
frequencies were set to 15°/h, 30°/h, 45°/h. The wave grouping was the same as in the two other programs.
The possibilities of separation or correction of the waves of third or fourth order potential were not used.

5         Comparative analysis of observed data

The monthly corrected and decimated datasets were connected to a long dataset with duration of ten month.
After preparation of data in BAYTAP-format the wave group arrangement was adjusted so that  all three
programs use the same arrangement of 31 tidal wave groups together with the same tidal potential catalogue
of TAMURA.

Program ANALYZE computes a regression coefficient between highpass filtered gravity data and highpass
filtered air pressure data. Here no parameters can be set, the program just has to know which additional signal
is supplied. Highpass filtering is applied to eliminate the drift. An approximation with TSCHEBYSCHEFF-
polynomials is not used. This method only makes sense when analysing long period wave groups. Parameter
RIGIDEARTH  now  has  been  set  to  0  for  real  data  and  NUMFILNAME=n1h1h002.nlf  and
HANNWINDOW=1 led to better results.

The regression coefficient is estimated in program BAYTAP-G with the model shown in equation (5). In the
analysis with the lowest ABIC-value the parameters were set to kmax=Dt = 0 = LAGP, IAUG = 1, LAGINT =
0 (arbitrary when LAGP = 0). As in the programs ANALYZE and VAV just a linear regression with only the
actual air pressure value is computed than. Parameter LOVENM is set to 2, parameter DMIN is set as low as
0.01.

Comparing investigations on programs for earth-tide analysis http://www.upf.pf/ICET/bim/text/dierks.htm

15 of 21 2/18/2011 3:51 PM



Program VAV determines also one  regression coefficient  for  the  whole  frequency range  to  describe  the
influence of air pressure onto the gravity measurement. In contrast to NSV where only frequency dependent
solutions were possible. Parameter >CROSS_frequency_independent_coefficient must be set to 1. The value
of the regression coefficient is in good agreement with the result from program ANALYZE. The method for
adjustment of a phase shift between gravity and air pressure signal is not used. The determination of one
regression coefficient  for each wave group species leads to good results too. Only the accuracy of wave
groups S1 and S2 is a little bit worse. But now a slight decrease of the regression parameter for the influence
of the air pressure with increasing frequencies can be seen. Further parameter settings: waves of potential of
degree 3 and 4 are corrected and the length of the filter is set to 48 hours.

Estimated linear regression coefficients are shown in table 1. The coefficients do not differ very much and in
a visually comparison between the two datasets a coefficient of –2,8 nm-2/hPa was found.

Table 1: Regression coefficients between air pressure and gravity

  Coefficient
in nms-2/hPa

Standard deviation
in nms-2/hPa

ANALYZE  -2,82 0,02
BAYTAP-G  -3,16 0,02

VAV  -2,81 0,09

VAV
D -2,94 0,11

SD -2,75 0,20
TD -2,44 0,11

 

The results of the analyses of real data with the three programs are shown in figures 5.1 and 5.2 (DAF and
DPL). Here DAF and DPL are not the deviations of the results against 1.0 and 0.0. For each wave group
amplitude  factors  and  phase  leads  from the  three  programs are  averaged.  DAF and  DPL  are  now the
differences between the results of the programs and these mean values.

Obviously the differences in the frequency range of the semi- and terdiurnal waves are small, except of wave
group EPS2 where the BAYTAP-results are very different from both other programs. The deviations for the
diurnal wave groups are higher and very unequal between the different programs and wave groups. The air
pressure with a strong diurnal variation may affect the results for S1. The best results for this wave group and
also  for  PSI1  (nearest  to  1.16  for  amplitude  factor  and  0.0  for  phase  lead)  were  given  by  program
BAYTAP-G.

The drift approximation with polynomials is not used in program ANALYZE. The programs BAYTAP-G and
VAV compute the drift signal as a standard part of the analysis. The computed results are very similar. In both
drift signals the long period waves (e. g. fortnightly wave) are contained.

A comparison of the computed standard deviations is not possible for all three programs because BAYTAP-G
does not produce a comparable value. But all programs give the residuals after analysis. These residual signals
were transformed to amplitude spectra with program TSOFT using FFT and a HANN-window. The spectra
are shown in figures 5.3 to 5.5 (units: amplitude: nm/s², frequency: cpd).
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Figure 5.1: Deviations of amplitude factors for analysis of real data

 

 

Figure 5.2: Deviations of phase leads for analysis of real data

 

Figure 5.3: Amplitude spectrum of residuals computed by program ANALYZE
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Figure 5.4: Amplitude spectrum of residuals computed by program VAV
 

 

Figure 5.5: Amplitude spectrum of residuals computed by program BAYTAP-G

 

The spectra from the residuals calculated by ANALYZE and VAV are very similar. While the decreasing
amplitude below frequencies of 0.8 cpd results from highpass filtering there is no explanation for the very
small amplitudes (different scale!) and the vanishing amplitudes already below frequencies of 1.5 cpd within
the spectra of the residuals from program BAYTAP-G. Both other spectra show for single frequencies more
energy than for most others. These are remaining signals that could not be assigned to one of the parts named
in equation (1) (e. g. air pressure, tidal signal).

6         Conclusions

Combining the direct results of the different analyses for each program does not lead to an advantage of one
of  these  three  programs.  The  results  (DAF and  DPL)  of  one  program are  not  better  than  for  another
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throughout the different wave groups, grouping variants and analyses. But it  has to be said that all these
results were obtained with special data sets, a fixed wave grouping and just one tidal potential catalogue. By
using further  applications (e.  g.  catalogue  of  HARTMANN and WENZEL in analyses with ANALYZE)
different and possibly better results may be obtained.

Program BAYTAP-G is in the used version not able to analyse the long periodic waves. But this could be
very  interesting when  analysing longer  data  sets  of  a  superconducting gravimeter  with  its  high  stability
especially in this frequency band. The program BAYTAP-L is made for this frequency range but then there
may be the problem that the two frequency parts of one data set (LP and D to TD) are analysed by two
separate programs.

Program ANALYZE shows up with good results during the tests (except for the very small wave groups
ALF2,  BET2,  DEL2),  a  good  and  complete  documentation  and  a  broad  output  without  using special
parameter  settings.  Only  this program offers the  possibility  to  use  the  newest  and most  accurately  tidal
potential catalogue of HARTMANN and WENZEL [HAR-95].

The numeric results from program VAV do nearly not differ to those from program ANALYZE. And when
differences  occur  they  are  small  and  have  changing sign.  A  problem with  program VAV is  the  slight
documentation. There are offered more than 70 parameters to manage the program but only just very little
documentation about the effects of each parameter and how to handle them. Beside the advantage of many
possibilities to control the analysis there is the danger of not knowing the influence onto the computation.
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