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General comments: As a lecturer of Physical Geodesy for many years, active participant in
numerous international gravimetric surveys, manager of large regional gravity database that
includes data from different countries and as active user of gravity data for both geodetic and
geophysical purposes, I'm truly puzzled by this contribution. Many modeling problems
mentioned in the paper look familiar, however the way that these problems are addressed is often
non-standard. In other words, the data processing elements (the corrections) that you mention
in the paper are completely understandable-, important- and worth addressing, but the way you
address them does not always follow what is “the common practice” among the practitioners.

To my opinion the paper suffers, technically, from “too much irrelevant information” that blur the
content. For example, in your writing it is not necessary to refer to pre-computer age graphical
methods of terrain correction and to Hammer zones (as if it was an option). You should focus on
what you did in practice to correct the gravitational effect of the near and far terrain. To my
opinion, and because of this, the main message of what you did with MoreGeo data drowns in all
kinds of irrelevant detail. Also, the prism formula for the gravitational potential of Nagy et al.,
2000, 2002 (which you didn't use) is also irrelevant. Terrain corrections, Bouguer anomalies (both
simple and refined) are part of standard corrections in Physical Geodesy and in gravity surveys
and must not be explained “from scratch”.

My experience from many years of international gravity projects is that different countries have
slightly different approaches to how to design and conduct a gravity survey. In this context I'm
also aware of different approaches across different disciplines of geosciences - between geodesy
and geophysics/geology. When we include gravity data to a gravity database, we sometimes face
a problem that the data collected for the purpose of geology/geophysics are not always properly
tied to a well-defined absolute system. In your paper you claim a connection to the world system
(GRS80 ellipsoid and WGS84 datum through your RTK positioning). However, GRS80 is more than
the geometrical aspect. As geodesist there are two things in your paper that bother me
concerning your explanations of the MoreGeo project processing: (1) Where are the absolute
gravity references/ties of your measurements? (2) Why is the normal gravity model (GRS80) not
mentioned explicitly? This is important and probably hidden in your Eq. (26) where you quote
(Moritz 1980). A standard definition of free-air gravity anomalies is by using a normal gravity model
(currently GRS80). In your contribution it is (probably) what you call, the latitude correction. By
definition, a gravity anomaly means a difference between the true gravity value (measured by the
relative gravimeter; g_measured in your Eq. 28) and a normal gravity value y of the normal gravity
model. Thus, a true gravity field is treated as anomaly with respect to the (normal) model field.
This aspect is not explicit in your writing.

Also, I'm completely amazed by your way of treating the collected gravity data. You seem to
correct directly the gravity readings until you obtain the anomalies. On the positive side, the
survey results that you obtain and show on Figure 12 (green dots) look fine to me. The problem
with this figure is the numbers. Your y-axis on Fig 9, Fig. 11 and Fig. 12 is not (as you claim) “'g



[mgal]” but the reduced gravity readings (?). “g” is reserved for absolute gravity and 6-digit
numbers (when in mGals) starting with “9”. I do not know any place on Earth where the Bouguer
gravity anomaly is 4300 mGals as it is on most of your figures!

Another thing that truly amazes me is the idea of modeling the relative gravimeter drift over large
time span to ensure (as I understand it) that the drift corrected gravity readings yield the same
value at points that the survey measured more than once (possibly at entirely different times).
The drift model refers to the specific time (the start time of the first period) and the corrected
readings express what the gravimeter would measure at all points of the profile if the gravimeter
drift was zero. However, at the level of accuracy that you aim for (sub 10 microgals) there can be
environmental changes that can occur around the stations between the two times so that the
local reading is affected (e.g. hydrology). For modelling the long term gravimeter drift the paper
that you are inspired by a paper on drift of a superconducting gravimeter which is a stationary
instrument measuring over large time span and affected by the same gravitational pull of the
Earth for this location. For such instrument it makes sense to consider a drift model over long
time, but not necessarily for a relative gravimeter like CG-6.

You have completely different setup for the relative gravimeters and a microgravity survey that
you conduct. If I was to plan such a microgravity survey, I would have included reference points
with absolute gravity values and (if possible) visit on the way other points with known and well-
established absolute gravity values. I realize that you measure 40 points a day which makes it
logistically difficult. But this is about independent validation of your drift model. In this setup, the
drift would be determined daily and would for a given day of measurements approximately be
linear. After all, there is a drift self-calibration option a CG6. One could almost do daily such drift
calibration test overnight. Consequently, you can determine CG6 drift daily and compare it to the
one obtained from the absolute stations. In fact, you do not even need an absolute station in the
field to get a drift estimate. You just need a base point that you start from and end at the same
day. On the positive side, you seem to get something reasonable with the long time span drift
function.

A different (but serious) technical issue with the paper is the notation and your very loose use of
different concepts. Equations (21), (22) and (23) make no sense. Please, look them up in
(Heiskanen and Moritz, 1967) that you quote. Bouguer gravity anomaly, free-air gravity anomaly,
gravity disturbances have precise meaning. They need to be defined first. Use consistent
symbols. In Eq. (25) you write rho for density and p in prism formulas just below. I'm also in
doubt about your loose terminology regarding heights. Ellipsoidal heights are usually denoted h

while normal- and orthometric heights are denoted H“and H respectively. It seems you only
use ellipsoidal heights, but I don’t know. You also get the free-air reduction wrong. Yes, I do realize
that there is a minor latitude effect as stated in your Eq. (24). Your normal gravity y as a function

of ellipsoidal height is for all terrestrial points approximated as Taylor series in powers of h

truncated at degree 2. When you differentiate wrt. h to get you should get a 1 order

polynomial. Free-air reduction F uses — aiH . ﬂ H sothat F=0.3086-H (mGal) when
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H isin meters. Unfortunately, in (Heiskanen and Moritz, 1967) there is a notational inconsistency
in Eq. (3-17) where they write: F =0.3086-h, but what they mean by h in this equation is the
orthometric height (height over geoid). This inconsistency is corrected in (Hofmann-Wellenhof
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to your eq.(24), The base level of the Bouguer plate or Bouguer spherical shell is geoid/quasi-
geoid and not the ellipsoid! Referring to your Eq. (24) it is only the first part of the equation that is
used as a standard and for H as a station height not h . Other examples of strange notation in
the paper are Eq. (7), (8) and (9) denoting (I guess) confidence intervals(?) of student distribution.
Where is LHS (left-hand-side) of the equation? What does it mean?

and Moritz, 2006), eq. (3-26). Bottom line, itis F = —iﬁ Hand notF =~ h which corresponds

What to do?

Let me be clear, I encourage you to correct the paper. I find the results and this kind of cross
border reconciliation of gravity data important and relevant. Unfortunately, if I do not understand
in full what you did with GeoMore data, the question of merging these results with legacy data is
at this stage irrelevant. As it is now, I'm not entirely sure if you and I even agree on what is free-air
gravity anomaly, Bouguer gravity anomaly (simple, refined), terrain correction, topographic
correction ... etc. Your paper in its current state is, to put it mildly, not helpful. So, before you and
I can engage in any meaningful discussion about the content, these things must be corrected.
Reduce the paper considerably, use appendices for details, use strict and standard definitions,
use systematic and uniform standard mathematical notation, be explicit about the heights that
you use at each step (ellipsoidal, orthometric, normal), relate the introduced concepts to global
models (GRS80 normal gravity model). If you still insist on formulating your processing steps as
corrections relate them to the above standard definition of concepts. Use the absolute gravity
ties explicitly. Be very careful about your figures, the numbers that you show and how you label
your y-axis.

Concerning the last part of the paper, the consistency with the legacy gravity data, there are
important topics to discuss (e.g. reconciling different conventions of reducing the data sets,
truncated station location coordinates, map projection issues, different conventions regarding
topographic mass density assumptions ... etc ). But we cannot engage in this kind of discussion
before the paper is corrected.

Good luck with it!

Response from the author:

Firstly, the authors would like to thank you for your detailed comments and for the time you
have devoted to them. Your comments and suggestions for improvement will undoubtedly
help to enhance the quality of this work. As you wrote, the basic objectives and approach
adopted by geophysicists are quite different from those adopted by geodesists. This leads to
a different conception of data acquisition and processing, which is reflected in the way the
data is presented. However, as the authors wish to integrate MoreGeo data into regional
gravimetric databases, your advice is both valuable and necessary. It is therefore advisable
to clarify the various concepts used and reorganise the presentation. In this respect, the
authors confirm that they are keen to respect 'common practice' provided it does not divert
this writing from its original purpose.

Regarding the absolute gravity references/liaisons of the measurements, it is true that it
would have been preferable to integrate one during the campaign. However, in the MoreGeo
region, the existing absolute gravity values prior to the campaign are relative gravimetry
data recalibrated to absolute in the Royal Observatory of Belgium's (ROB) database. These
date back to the 1960s. The quality of these measurements is limited by factors such as
uncertainty, calibration and, above all, geolocation (one of the authors had to geolocate a
large proportion of the data using old maps), as well as regional mining subsidence. As the
authors do not own an absolute gravimeter, it was envisaged that they would carry out a
calibration using absolute measurements made by an absolute gravimeter owned by the



ROB. However, circumstances did not permit this, so the authors developed the approach
presented in this manuscript: positioning stations close to several old absolute gravitational
references to recalibrate MoreGeo's measurements a posteriori on absolute gravitational
data. P29L743 also states that this calibration was based on the two closest pairs of
MoreGeo and ROB stations (5.3 m and 6.8 m apart) and two areas unaffected by mining
subsidence close to the Franco-Belgian border. These stations are considered to be the two
absolute gravitational references for setting MoreGeo. Nevertheless, the authors
acknowledge that a comment on this point should be added to the 'Design of the new
surveys' section.

With regard to the normal gravity model, the authors will integrate it into the beginning of
the text in order to define the gravity anomaly precisely and explain how it is obtained. The
latitude correction Eqg. (26) refers to the WGS84 normal gravity model. To avoid confusion,
this correction will be replaced by the concept of normal gravity y, derived from a normal
gravity model. Certain concepts, such as gravity disturbance, gravity anomaly, normal and
orthometric heights, and the quasigeoid, also require clarification. The titles of the axes in
figures (4), (5), (8), (9), (11), (12), (22), (23), (27), (28), (30), (32) and (33), and equations
(7), (8), (9), (21), (22), (23), (24), (25), (26) and (28) will also be revised.

Your comments on the heights used in the various corrections are excellent and have
prompted a great deal of thought. The authors would also like to thank you for the reference
to (Hofmann-Wellenhof and Moritz, 2006), which will be incorporated into the manuscript.
Thanks to this, the authors will be able to clear up the confusion that has crept into the text.
The altitudinal reference used to reduce MoreGeo's relative gravity measurements is not the
GRS80 ellipsoid, despite what was unfortunately mentioned in P15L404. While the GPS
readings of the gravity stations were taken in the WGS84 system based on the GRS80
ellipsoid, the two grids used for the terrain corrections are referenced to the EVRF2000
quasigeoid (P19L508 and P20L537). To ensure consistency, the heights of the MoreGeo
stations have been reprojected and referenced to the EVRF2000 quasigeoid, meaning that all
corrections now use the normal height H* relative to this quasigeoid. Therefore, the base
level used is the quasigeoid in terrain, free-air and atmospheric corrections, contrary to what
was stated in the manuscript and equations. Reduced gravity measurements g(P0), related
to the European quasigeoid, are used to calculate the gravity anomaly Ag by comparing
them with the WGS84 normal gravity y(QO0) of Eg. (26), as shown in equations (2-228) and
(8-127) of (Hofmann-Wellenhof and Moritz, 2006). The authors will amend the text
accordingly (in particular, regarding P20L537: 'EVRF2000 is a reference frame related to the
quasigeoid, not an ellipsoid").

The authors would also like to thank you for your invaluable, practical advice on carrying out
a gravimetric acquisition that incorporates daily drift correction. This will be very useful for
future acquisitions. Unfortunately, these tips were not applicable to MoreGeo, as it was
carried out in two phases (2019 and 2022) by different teams, and the bases used varied
depending on the phase and the operators. Therefore, a solution was implemented that
integrated all stations visited more than once at different times, as well as a series of global
resampling at the end of 2022.

Your concerns about the expected accuracy due to possible environmental changes are
entirely legitimate. Nevertheless, the site was chosen to minimise the impact of these
changes, particularly the hydrogeological effects. It is free of vegetation, the thickness of the
unsaturated zone is less than two metres and the water level is very stable. Seasonal
environmental effects were avoided at the other stations by dividing the campaign into five
periods. These effects have therefore been disregarded. These explanations will be added to
the text.

In summary, the authors would like to thank you again for your detailed comments. They
will make every effort to improve the manuscript. They will also endeavour to reduce the
size of the document by transferring certain parts to the appendices.



