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Abstract

The aim of this paper is to analyze the development of models of the
Moon's gravitational field by selecting one model each for the
specific time interval of the study of the Moon. To compare them
and show the difference with already existing models, as well as to
generalize and structure the information about the studied models of
the gravitational field of the Moon.

To perform the study, input data were obtained from the
International Centre for Earth Gravitational Field Models (Ince, E.
S.etal., 2019).

The features of the models GLGM-2 (1995), JGL150Q1 (2000),
GRGMO660PRIM (2013), STU MoonTopo720_ plusNormalField
(2019), and AIUB GRAILV-VGRL 350A (2021) under study are
analyzed and described.

Two functionals of the geopotential were used in the study:
gravitation and height anomaly. Visualization and data processing
were performed using the GMT software package (Wessel, P., et al.,
2013). Model analysis was performed by comparing and examining
the constructed geopotential functional maps.

Maps for the calculated differences for these functionals were
constructed, on which the features of the comparative models are
clearly visible. Hypotheses explaining the peculiarities found in
each of the models under study were presented.

Formulated recommendations for the use of these models in future
studies.

Bringing together information on the new models will give scientists
a better understanding of the characteristics of a particular model.
This will enable a faster and more effective selection of a model for
a particular study, facilitating further development and new research
for other scientists.

Keywords
Relief of the Moon, models of the Moon's gravity field, height
anomaly, mass concentration (mascon), functionals.
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Introduction

It is a known fact that the Moon is the only natural satellite of Earth. It is the closest celestial body to our
planet (average distance to the Moon is about 384,400 km), and it is the fifth-largest satellite of the solar system.

Fig. 1 presents an image of the Moon captured by the Wide Angle Camera of the Lunar Reconnaissance
Orbiter (LROC) on September 8, 2010. The photograph, taken from orbit at 90° east longitude, displays the Moon's
near side, revealing prominent lunar plains and mountainous regions. The clear demarcation between the near and
far sides of the Moon provides valuable insights for studying the geological features of both hemispheres.

Fig.1. The Moon captured by the Wide Angle Camera of the Lunar Reconnaissance Orbiter (LROC) (Astronomy, 2023).

Measurements with the optical location of angular reflectors mounted on the lunar surface, radio
interferometry with ultra-long base, and classical terrestrial astrometric observations (photographic, meridian,
heliometric, etc.) are used for studying the Moon’s dynamic and geometric characteristics. There are more than 30
models of the Moon's gravitational field based on measurements obtained from the Moon's artificial satellites
GRAIL, Luna, Explorer, Lunar Orbiter, Apollo spacecraft subsatellites, laser location, ultra-long-range radio
interferometry, and measurements of radial accelerations of command and control modules of the Apollo
spacecraft (Matsumoto et al., 2010).

An important step in the development of models of the Moon's gravitational field was the launch of the
GRAIL mission (Zuber et al., 2013; Goossens et al., 2020), which features two satellites moving one after the
other. By measuring the changes in the position of the satellites relative to each other, it was possible to obtain
new and more accurate information about the Moon's gravitational field. The mission also provided observation
of both the visible side of the Moon and the opposite side. This has led to new and more accurate models of the
Moon's gravitational field (Konopliv et al., 2014; Williams et al., 2014). To date, there are several dozen models
of'the Moon's gravitational field. Before selecting one of these models to address theoretical and practical problems
in lunar space and Moon studies, or to interpret results, questions about their reliability arise. There is no doubt
that the models constructed cannot be absolutely accurate, because they will always contain measurement errors,
as well as errors related to the way the data are processed.

The gravitational field is affected by many parameters, and the most important of them are the parameters of
the internal structure (Newton, 1687).

The topography of the Moon is not studied enough. In recent years, there has been a breakthrough in the study
of the Moon’s topography and its gravitational field, which indicates the beginning of human exploration of space
for practical purposes. New models of gravity and height anomalies of the Moon were created. It was caused by
numerous missions, which were implemented in various space projects and experiments.

There are also models of the Moon’s gravitational field, which can be used to determine certain functionals
of this field. However, the resolution of the calculated functionals depends on the order and degree of the original
model.
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Goal

This paper aims to analyze the development of models of the Moon's gravitational field by selecting one of
the models for the relevant time interval of the study of the Moon. To compare them and show the difference with
already existing models, as well as to summarize and structure the information about the studied models of the
gravitational field of the Moon. Formulate recommendations for the use of these models in future studies.

Research methodology

The input data for the study were obtained with the help of the International Centre for Gravitational Field
Models (Ince et al., 2019). Two gravitational field functionals were used in the study: the gravity anomaly and the
height anomaly. The input data were placed on a regular 6'x6’ grid. Such a resolution was decided to use for two
reasons. First, all figures should have the same resolution. It is crucial for visual comparison, as used in the article,
to expose the features of a certain model. It also provides the ability to view the actual data resolution used during
model construction. Additionally, it helps to distinguish between different data sets used to construct the model. It
will be shown in the next chapters where differences of models are presented (data with real low resolution
presented with a smooth surface, that effect can be seen in Figure 15). The second reason is that models with the
highest resolution have a degree of approximately 2000 (with some models having more and others less), which
corresponds to a grid resolution of 6'x6" according to the Nyquist rule (model resolution = 180 / model’s degree).
In future works, more precise statistical techniques are planned to be used. The functional differences of the studied
models were plotted for comparative analysis. Data visualization and processing were performed using the GMT
software package (Wessel et al., 2013). The final analysis of the models was carried out by comparing and
examining the constructed maps of two geopotential functionals, as well as their differences. A similar
methodological approach has been adopted in previous studies. For example, Zuber et al. (2013) applied
geopotential functionals and satellite-derived gravity data to analyze the structure of the lunar gravity field using
GRAIL observations. Likewise, Bucha et al. (2019) used a spherical harmonic framework and topographic
constraints to develop high-resolution lunar gravity field models, processed and visualized with GMT. These
studies demonstrate the effectiveness of such techniques in the context of lunar geophysics and validate the
approach used in this paper.

After a brief description of the overall methodology, let’s take a closer look at geopotential functionals that
were used in this article. As is well known, the gravitational (attractive) potential is often represented by the
harmonic coefficients of the geopotential expansion in a series of spherical functions:

V(r, 4, ¢) = ZENmex S TR o(Co 0S(MA) + Sy SiN(MA)) Py sin b (7). (1)

where:
r, A, ¢ - the spatial spherical coordinates: radius, longitude, and latitude, respectively;

GM - the geocentric gravitational constant;
R - the Earth's radius;
C,,mj,,,,, - the fully normalized spherical harmonic coefficients;

P.n(sin @) - the fully normalized associated Legendre functions.

There are many functions of the geopotential; however, two were selected for this study: gravitation (which
is the first derivative of the geopotential with respect to the radial vector) and the height anomaly. This choice is
motivated by the fact that gravitation, together with the centrifugal part, is often used to compute gravity anomalies,
which in turn have wide applications. For example, it can help in determining the internal density of the Earth's
outer layers and thus in the exploration of mineral resources. Meanwhile, the height anomaly is an essential
component in the establishment of a reference surface for height systems.

Gravitation can be expressed as follows.

GM

9(r 2, ¢) = S Smex 542 58 _o(Cm 05(MA) + S 5n(MA)) P sin ¢ (n + 1) (2), @

R2
where g - the gravitational acceleration at a given point.

In contrast, the height anomaly (denoted by ¢) represents the distance between two points, P and Q. The first
point - P lies on the Earth's surface where the actual geopotential W is measured. The second point, Q, lies on the
intersection of the plumb line passing through point P and the surface of the normal geopotential U, whose value
is equal to that of the real geopotential at point P (Fig. 2).
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Fig.2. Main reference surfaces in geodesy (Lukianchenko, 2016).

Thus, the height anomaly in the first approximation can be calculated as follows (see ICGEM):

GM maxy (R\" . .
Sor (A, ) = s T () 5o B (sin ) (Clim cOS M A+ STy sinm 2), 3)

this can be further refined as:

H(D+N(pD) 9T

¢1=GCe1 t 7(0.0) or lyer,’ 4

where:

7, - the radial distance to a point located on the surface of the reference ellipsoid;

y(r,, @) - the value of normal gravity at a point on the ellipsoid, specified by latitude @ ;

n, m - degree and order of the gravity field model;

H(p, A) - the elevation of the topographic surface (topography) at the point defined by coordinates ¢, 1 ;

N(p, A) - the geoid height at the point defined by coordinates ¢, 4 ;

or®
or

r=r,

More detailed information can be found at ICGEM (Ince et al., 2019).

- the radial derivative of the disturbing potential at a point on the ellipsoid.

Research results

Nowadays, there are many models of the lunar gravitational field, so when using these models to solve
theoretical and practical problems arising in lunar and lunar space research, questions arise about their reliability
in interpreting the results. Of course, an established model cannot be absolutely accurate, since errors in the
methods of measurement and processing of results always exist. One important feature that affects the gravitational
field is the characteristics of the internal structure of the celestial body.

To obtain a qualitatively consistent gravimetric map of the Moon, tracking results from the Lunar Orbiter
mission were taken into account. The results demonstrated that large concentrations of mass extend beneath the
lunar rings, called mascons, discovered by Muller & Sjogren (1968) from observations from five Lunar Orbiter
spacecraft (USA), and have different significant implications for theories concerning lunar history. The mascons
(Barenbaum & Shpekin, 2018) are characterized by significant positive gravity anomalies coinciding with the
centers of large lunar basins. Recent studies have refined our understanding of the structure and origin of mascons
through high-resolution satellite gravity modelling. Andrews-Hanna et al. (2014) demonstrated that mascons are
formed by a combination of impact-induced crustal thinning, volcanic infill, and isostatic adjustment. Zhao et al.
(2021) employed three-dimensional gravity inversion of GRAIL data to show evidence of high-density mantle
uplift beneath mascon basins, surrounded by low-density crustal rings extending to the lunar Moho. McArdle &
Russell (2023) developed high-resolution global point-mascon models, improving the spatial representation of
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mascons and providing a refined basis for lunar gravity field modelling. These results confirm the complexity of
mascon formation and support the use of modern models for accurate interpretation of the Moon’s internal
structure and gravity field.

The value of the free-fall acceleration for the Earth is g = 9.822 m/s?, while for the Moon this value is about
six times smaller, equal to g = 1.625 m/s? (Blick et al., 2018).

Although a large volume of models of the gravitational field of the Moon has now been developed, the
resolution of the calculated functionals obtained from these models depends directly on the order and degree of
the model itself. Therefore, it has become necessary to analyze and compare new modern models of the Moon's
gravitational field with earlier and older models.

Five models of the gravitational field of the Moon were chosen for the study (Tab.1).

Tab.1. Moon’s gravitational field models.

N Model name Year of creation Order Data

1 AIUB GRAILV-VGRL 350A 2021 350 GRAIL

2 STU_MoonTopo720_plusNormalField 2019 2160 Topography
3 GRGM660PRIM 2013 660

4 JGL150Q1 2000 150

5 GLGM-2 1995 70

The following algorithm was used to obtain model data:

Go to the ICGEM website (Ince et. al., 2019), then you need to go to the “Calculation Service” tab and
configure the following parameters:

- choose the model of the celestial body - the Moon;

- choose the model of the gravitational field of the Moon;

- choose the functional (height anomaly and gravitation);

- set the area of the regular grid.

After the calculation, load the constructed grid file (Fig. 3).

Grid Calculation results for height_anomaly_ell of AIUB-GRL350A
Map GMT

Functional: height_anomaly_ell
Model: AlUB-GRL350A
Grid: Longitude: -180.0° .. 180.0°

Latitude: -90.0° .. 90.0°

Grid-Step: 1.0°

65341 gridpoints
Reference System: MOON
Height over Ellipsoid: 0.0 meters
Maximum degree 350 of 350
used:
Zero Degree Term: yes
Tide System:
Calculation Time: 25s
Min / Max: -303.379 m/461.548 m
Mean / Stdev: -0.391 m/110.195 m 2 ~

AIUB-GRL350A R == —— " N

Download Grid (el [ -400 -320 -240 -160 -80 0 80 160 240 320 400

wrms about mean / min / max = 110.2/ -303.4 / 461.5 meter

ICGEM, GFZ Potsdam, Thu Jan 16 13:49:59 2025

+ ICGEM Format, XYZ Ascil (3.4 MiB)
+ GeoTiff (511.4 KiB)
« Surfer 7 Grid (510.6 KiB)

icgem (at) gfz.de

Fig.3. Example of the page International Centre for Global Earth Models (ICGEM), where we can download the calculated grid.
(International Centre for Global Earth Models. 2023)

The study was conducted for the entire territory of the Moon. A common amount of 65,341 values for both
gravitation and height anomaly was obtained for each model. The data are located on a regular grid with a step
size of 1 degree (interpolated on a 6x6 minute grid during data processing).

Two functionals were calculated. Maps of the calculated functional differences were constructed. Comparative
analysis of the models was performed. Files with differences of height anomalies and gravity anomalies were
created. The file has the following structure: the first column presents latitude, the second presents longitude, and
the third presents functional difference. Those files were prepared for each model of the Moon's gravitational field.
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Five models of the Moon's gravitational field were selected for the study (Tab.1). The functional differences
were calculated for each pair of these models. A total of 20 files with differences were calculated for each of the
two geopotential functions (height anomaly and gravity anomaly).

To create maps of the Moon's gravitational field models, an algorithm was compiled, and maps were built
using the GMT program.

Constructing maps of the Moon's gravitational field models.

The topographic study of the Moon is not uniform. The most complete and accurate information available
today concerns the lunar surface topography of the visible side of the Moon, and the least accurate information is
about the far side (Zuber et al., 2013). There are several models that describe the topographic surface of the Moon;
one of these is the STU MoonTopo720 plus Normal Field (Bucha et al., 2019) (Fig. 4), which is represented to
degree and order 2160. Today, this model has one of the best resolution capabilities. As can be seen from Fig. 4,
the altitudes of the middle near-side of the Moon are on average 3500 m lower than the far-side altitudes.
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Fig.4. Map of the Moon's topographic surface based on the STU _MoonTopo720_plusNormalField model.

Based on the created grid files, the GMT program was used to build a graphical representation of height
anomalies, gravity anomalies, and differences for models of the Moon's gravitational field.

Model 1. ATUB GRAILV-VGRL 350A (Bertone et al., 2021).

This is one of the latest Moon's gravitational field models from the GRAIL spacecraft. This model is
represented to the 350" degree and order.

Having analyzed the height anomaly map, Fig. 5 clearly shows that the magnitudes of the anomaly take on
maximum and minimum values at the locations of lunar mountains and oceans.

At the location of the Tycho Crater (Fig. 5), the height anomaly differs from the surrounding area and acquires
values of about 200 - 250 m, and in the area bounding the crater, it is -100 to 0 m. The gravitation at the Tycho
Crater location appears to be around 162,300 to 162,700 mGal from the resulting Fig. 4.

To the west of the Tycho crater is crater 2, for which the height anomaly values are significantly less than the
surrounding area and range from -200 to -300m, while the area bounded by the height anomaly values ranges from
-100 to Om. The gravitation for this crater ranges from 161,800 to 162,000 mGal.

The maps (Figs. 5 - 6) show areas where systematic deviations can be seen, which can be caused by the data
set obtained for a given area.
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Fig.5. Height anomaly distribution map for the AIUB GRAILV-VGRL 3504 model.
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Fig.6. Map of the gravitation distribution for the AIUB GRAILV-VGRL 3504 model.

Model 2. GRGM660PRIM (2013), (Fang et al., 2018).

A model of the gravitational field of the Moon is presented to degree and order 660. The map (Fig. 7) shows
that the maximum and minimum height anomaly values are at the mascon locations, acquiring values of -459.747
m and -303.075 m, respectively.

The maps (Figs. 7 - 8) clearly show the positions of the lunar seas in the centre of the visible part of the Moon
in its northern part because the gravitational force here is different from the general trend and ranges from 162,500
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to 162,700 mGal, and for the surrounding area it ranges from 162,100 to 162,300 mGal. Characteristic values of
gravitational force for the far part of the Moon are from 161,800 to 163,000 mGal.
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Fig.7. Map of height anomaly distribution for model GRGM660PRIM.
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Fig.8. Gravitation distribution map for model GRGM660PRIM.

Model 3. JGL150Q1 (2000)

Model JGL150Q1 (2000) of the gravitational field of the Moon is represented to degree and order 150. The
map (Fig. 9) shows that the maximum value is 460.566 m and the minimum value is -295.945 m. Figs. 9 - 10,
through satellite traces show the possible influence of the satellite data. But this can also be caused by the method
of data processing.
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Fig.9. Height anomaly distribution map for model JGL1500Q1
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Fig.10. Map of gravitation distribution for model JGL1500Q1.

Model 4. GLGM-2 (1995).

The GLGM-2 model of the Moon's gravitational field (Figs. 11-12) is represented to degree and order 70.
The low order of the model is due to the year of its creation, as there were insufficient data (in quantity and quality)
to construct a higher order model at this time.

For this model, the values of height anomaly vary between -271.905m and 475.067m.
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Fig.11. The height anomaly distribution map for model GLGM-2.
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Fig.12. The gravitation distribution map for model GLGM-2.

Mapping for height anomaly differences.
In topographic terms, the Moon is unevenly studied. Currently, the most complete and accurate information
about the lunar topography is on the visible side of the Moon, while the least accurate information is on the far

side (Tserklevych, 2009). There are several models to describe the Moon's topographic surface, one of them being
STU_ MoonTopo720_plus Normal Field (Fig. 4), which is represented to degree and order 2160. To date, this
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model has the best resolution. As can be seen from the figure, the central part (near side) of the Moon has altitudes
on average 3500 m lower than on the far side.

Comparison of models of the gravitational field of the Moon was carried out as follows: the height anomaly
differences between two models were determined, and the calculated results were mapped (Figs. 13-16).

Fig. 13 shows the height anomalies between two models of the gravitational field of the Moon, namely
between the AIUB model GRAILV-VGRL 350A (2021) and JGL150Q1 (2000). These models are based on the
results of the two space missions GRAIL and Lunar Prospector, respectively. The GRAIL mission explored the
entire Moon, while the Lunar Prospector mission probably only explored the visible side of the Moon. Therefore,
it is evident that the differences in height anomalies are more pronounced at the edges of the maps and less
pronounced in the middle.

The height anomaly differences between AIUB GRAILV-VGRL 350A (2021) and GRGM660PRIM (2013)
are analyzed:

In the older GRGM660PRIM, the near side was better studied and investigated. When comparing it to the
new AIUB GRAILV-VGRL 350A model on the visible side of the Moon, the differences in height anomalies have
a uniform distribution over the entire area and are +1m, indicating mostly approximate values for the models in
the study area (Fig. 14).

The far side of the Moon in the older model JGL150Q1 was extrapolated due to a lack of data, so when
comparing it to the new one, a significant and irregular difference of £50m in height anomaly was found (Fig. 14).
Similar variations for height anomaly difference are evident between model GRGM660PRIM and JGL150Q1
(Fig. 15).
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Fig.13. AIUB GRAILV-VGRL 3504 and JGL150Q1 height anomaly difference map.
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Fig.15. Mapping of height anomaly difference between GRGM660PRIM and JGL1500Q1.
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Fig.16. Map of differences of height anomalies of AIUB GRAILV-VGRL 3504 and GLGM-2.

Mapping for gravitation differences.

An algorithm for comparing the gravity of lunar gravitational field models is developed similarly to that for
height anomaly differences. Fig. 17 shows the difference in gravitation between the two AIUB models GRAILV-
VGRL 350A (2021) and GLGM-2 (1995). The influence of satellite data at latitudes from -40 to -90 degrees is
shown in Fig. 16. It is likely that data from other satellites were used, which caused such a drastic change. One
more thing should be noticed here. When discussing gravity, we take centrifugal force into account; however, in
the case of gravitation, we consider the Moon as a static object without centrifugal force. When differences of
gravitation are obtained, they are equivalent to differences of gravity, as centrifugal force is absent in both cases.
That is why the next figures are called “gravity differences”.

The difference in gravitation between the AIUB GRAILV-VGRL 350A and GRGM660PRIM models is
shown in Fig.18. One of the models is more accurate, so relief features are apparent. The figure illustrates the
potential impact of satellite data of comparable order and accuracy, represented by satellite traces at -40 parallels.

Fig.18 clearly shows the location of the plains on the Moon, the so-called lunar seas, located on the near side
of the Moon in its central-northern part, as the gravitation here differs from the general trend and ranges from
162,500 to 162,700 mGal.

The difference in the gravitation of GLGM-2 and GRGM660PRIM is shown in Fig. 19. Here, we can see a
flat area in the central part clearly reflecting the position of the lunar seas on the near side of the Moon. It is known
that impact craters are more concentrated on the back side of the Moon, so the figure clearly demonstrates where
the side is more battered by meteorites.

Other maps of the functional differences have also been constructed, clearly showing the features of the
studied Moon's gravitational field models, which, although not presented here, are also analyzed.

When studying the lunar gravitational field, certain functionals are used; specifically, the height anomaly and
gravity are used in this paper.

We have created maps of gravitation and height anomalies.

On some maps of gravitational difference, the influence of satellite data is noticeable at latitudes from -40 to
-90 degrees. It is possible that data from another satellite was used, which could have caused such a drastic
transition.

The created difference maps for the studied functionals demonstrated the features of comparative models.
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Fig.17. AIUB GRAILV-VGRL 3504 and GLGM-2 gravity difference mapping (below figure).
-180 _150°-120" -90° -60" -30° 0" 30° 60 90" 120" 150° 180
0 - — — - =—==90
30°

.\‘QA." 4
3 \\

3 1
& 4 P
s A

.

& ‘1\\»
. \\ﬂ_ :

o~ =90
180" 150 120" 90" —eo _30° o 30- 60° 90" 120° 150° 180°

: m—— See—
-1000 -500 0 500 1000
Gravity difference , [mGal]

Fig.18 AIUB GRAILV-VGRL 3504 and GRGM660PRIM gravity difference mapping.
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Fig.19. The map of the gravitation differences GLGM-2 and GRGM660PRIM.
Scientific novelty and practical significance

Exploration of our planet has always had top priority, but with the development of space technology and mass
launches of spacecraft, interest in other celestial bodies is only increasing.

In recent years, research into the Moon's topography and gravitational field has developed rapidly, signalling
the beginning of human exploration of space for practical purposes. Many missions undertaken by various space
projects and experiments have resulted in numerous new models of the Moon's gravitational and height anomalies.
From such models, certain functionals of the gravitational field can be calculated. However, the resolution of the
functionals calculated with these models directly depends on the order and degree of the model itself.

The Moon is the closest celestial body to us and is regarded as an intermediate station for access to space,
which makes the study of the Moon's gravitational field particularly relevant. There are already a number of state-
of-the-art models of the Moon's gravitational field based on current satellite missions. By summarizing the
information on the new models, scientists will be able to understand the features of a particular model better. This
will enable a faster and better model selection for a particular study by other scientists, which will facilitate further
development and new research. Moreover, this study demonstrates that different lunar gravity models can represent
various regions of the Moon’s surface with varying levels of accuracy. For example, the far side of the Moon tends
to be modeled with lower precision, as seen in the case of the JGL150Q1 model. In contrast, the GLGM-2 model
provides relatively high accuracy in the equatorial regions, while the polar areas are characterized by significantly
poorer data resolution. These spatial variations in model accuracy should be carefully considered when developing
new models of the Moon’s gravity field. From a practical perspective, this study can be viewed as a comparative
assessment of the strengths and limitations of existing gravity models, offering valuable guidance for researchers
selecting a model for specific applications. Furthermore, the identified deficiencies should be addressed in the
development of future lunar gravity field models.

Conclusions

The current state of the study of the Moon's topography and gravitational field has been investigated. The
topography of the Moon is unevenly studied. The most complete and accurate information is available for the
visible side of the Moon. As a result, it is determined that the STU MoonTopo720_ plusNormalField (2019) model
is the most informative for describing the topographic surface of the Moon, which also has the best resolution (5'
x 5', 2160 degrees).

From the constructed and analyzed maps, the gravitation and height anomalies are determined:

e the locations of the lunar mountains and oceans exhibit extreme values of height anomalies;
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e the value of gravitation on the Moon ranges from 162 Gal to 163 Gal, with the highest values at
locations of lunar seas;

e for JGL150QI, a possible influence of satellite data was detected, as indicated by the satellite traces
in the plotted maps. This effect is also possible through data processing. This has to be taken into
account when using the model. In order to smooth the built transforms, we recommend using data
filtering;

e the GLGM-2 model is represented to degree and order 70. As the model is based on data from 1995
(at that time, there were not enough data to build a higher-order model), it is of low degree and order.

Functional difference maps are constructed, where the features of the models compared are clearly visible.

As the older models have better studied and explored the near side, when compared with the new models, the
near-Earth side of the Moon has defined differences in height anomalies of a gentle, uniform distribution over the
entire area. (unclear sentence) This indicates well-correlated values for the models compared. And because the far
side was extrapolated due to a lack of data, significant and unequal height anomaly differences appear when
comparing it to the new model.

The plotted difference maps for certain functionals illustrated the features of the comparison models.
Following a detailed analysis of height anomalies and gravitation maps, it was determined that the lunar
gravitational field models from the latest missions (newer) - AIUB GRAILV-VGRL 350A (2021) and
GRGMO660PRIM (2013) are more informative and suitable for use.
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