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Chapter

Sedimentation and Proposed
Algorithms to Detect the Possible
Existence of Vegetation and
Humidity in the Landing Area of
the Mars Exploration Rover-B
(Opportunity)
Emilio Ramírez-Juidías, Katherine Villavicencio-Valero

and Arthur Borja

Abstract

Opportunity was launched in 2004 and has been providing interesting data from
Mars till 2018. Meridiani Planum was the landing site for the robot. This crater has
numerous rock outcrops, which are considered a valuable geological resource that
contains keys to the Martian past. In this work, several algorithms have been
developed for detecting the possible presence of humidity and vegetation on Mars
through the images sent by the Mars Exploration Rover - B Opportunity and by the
Viking Orbiter between 1976 and 1980. For this, it was carried out a sedimentary
simulation of the study area, as well as an analysis of all the images from the spectral
signatures extracted. The results show the existence of three types of water on the
surface, as well as concentrations of Neoxanthin, also on landing area surface, that
suggest the possible existence of microalgae.

Keywords: humidity, vegetation index, chlorophyll, Meridiani Planum

1. Introduction

In its remote past, Mars exhibited volcanic activity, endured numerous impacts
from planetesimals on its surface, but it also possessed an Earth-like atmosphere
and surface water. During Mars’ formation, some collisions between the planetesi-
mals and the protoplanet ejected material into space. Of the tens of thousands of
meteorites found on Earth, about two hundred came from Mars and provide some
scientific evidence as to the formation of Mars [1].

Recent discoveries of thousands of exoplanets indicate that planetary systems
are the norm rather than the exception in the observable universe. The types of
planets that form in a system are dependent on the age of the host star, which is
why the older the star, the more likely it is for the planets to contain heavier
elements.
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It must be emphasized that Mars was formed through an accretion process from
volatile-poor planetesimals in the inner solar nebula. The relatively small size of
Mars indicates possible Jovian interference during the accretion process. The accre-
tion process and the decay of radioisotopes released gravitational potential energy
that melted the Martian protoplanet. Both events led to differentiation into a core–
mantle–crust planet structure [2, 3].

It is known from Earth analog studies that most of the tungsten, iron, and other
metals sink to the core of a planet in its molten state early in its formation. From
radioisotope ratio studies of the Martian meteorites, evidence supports the hypoth-
esis that Mars formed in 2 to 4 million years. However, recent research suggests that
tungsten and platinum on the planetesimals themselves could have altered the
Martian crust ratios of tungsten, iron, and other metals. The provenance of the two
hundred meteorites found on Earth does not provide conclusive evidence of the
Martian surface’s composition. The latest literature suggests that it is most likely
that the small sample of meteorites comes from a few impacts. Those few impacts
render the sample size too small to draw accurate conclusions of Martian formation.
An alternate hypothesis states that large projectiles with formed cores and mantles
bombarded the red planet [4]. According to new modeling, the planetesimals’
composition varied enough in ferrophilic element content to provide the tungsten
variance, resulting in a heterogeneous Martian mantle. This alternate hypothesis
offers an estimate of a Martian formation period of up to 20 Mya [5].

On the other hand, and in relation to the Mars atmosphere, the Mariner mission
revealed a fine Martian atmosphere that varies greatly. Because it is thin, the
atmosphere of this planet expands rapidly in the warmer months and contracts
rapidly in the colder months [6]. In general, it can be said that the atmosphere of the
red planet is similar in composition to that of Venus but much thinner. Carbon
dioxide comprises about 95% of the atmosphere, with the rest being nitrogen (3%)
and argon (1%). The carbon dioxide freezes over the poles, and frozen water lays
underneath the frozen carbon dioxide layer.

Regarding the geology of Mars, it is interesting to comment that this planet has
two vastly different hemispheres (Figure 1), that is, the older heavily cratered
highlands of the Southern Hemisphere and the Northern Hemisphere’s younger
lowland plains. Mars presents extreme topography when compared to Earth and
even the Moon. A marked 30-kilometer elevation difference exists between the
summit of Olympus Mons and the floor of the Hellas Basin. The hemispheres’
difference can be explained by possible volcanic eruptions or seas that smoothed out
the Northern Hemisphere. In addition to the highland terrains and the lowland

Figure 1.
MOLA global image of Mars surface [7].
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plains, Mars features other landscapes that include the polar terrains, the Tharsis
and Elysium volcanic terrains, and chaotic terrains.

According to [4, 5], Mars also features numerous buried impact basins dating
from its early history. Other geologic features visible on the surface include den-
dritic runoff channels. These features display river-like patterns that evidence pre-
cipitation or snowmelt runoff flow. In the equatorial regions, outflow channels
evidence cataclysmic events of the release of underground ice melt.

For the present work, and although studying Martian rocks and mineral geo-
chemistry provides essential clues as to the conditions when they formed, it must be
taken into account that it is well understood from the study of Earth analogs that
chemical systems tend toward equilibrium reactions that yield the lowest energy and,
therefore, the most chemically stable compounds within specific environments. As a
consequence of this, it is interesting to mention that chemical weathering and erosion
of basaltic and other igneous rocks produce distinct sediments and minerals that
provide a detailed history in terms of temperature, pressure, pH, atmospheric com-
position, etc., that led to the formation of specific minerals.

Although numerous studies of various nature have been carried out on Mars to
date, none of them have studied in depth the phenomena of water erosion that
occur on the surface of Mars. In the same way, no scientific work has used state-
of-the-art remote sensing techniques, based on machine learning, to be able to
obtain algorithms capable of predicting both surface moisture content and indica-
tions of the presence of some type of photosynthetic organism. It is therefore that
this chapter is innovative, in addition to pretending to be a reference in the bibli-
ography about similar studies on rocky planets and moons in our solar system.

2. Study area

As is known, Opportunity (Mars Exploration Rover-B) landed in the Eagle
crater, located in the Meridiani Planum (0,2° N; 357,5° E in planetocentric coordi-
nates), on January 25, 2004.

The reason why Opportunity was sent to Meridiani Planum was because the
Thermal Emission Spectrometer (TES), of the Mars Global Surveyor mission,
found, from its orbit, crystalline gray hematite on the surface of Mars in an amount
around 20%. Hematite is an iron oxide that, usually its gray crystalline variety, is
formed in association with liquid water on Earth.

According to [8], at Opportunity’s landing site, gray hematite within a kind of
spherules was found in outcrops of soft and stratified sandstone rocks. It should be
emphasized that for these structures to form, the acidic aqueous alteration of basalt
rocks rich in goethite (a mineral that contains iron) was necessary. Subsequently,
the alteration of the goethite gave rise to hematite, which formed spherules in the
rocks and, as these were worn away by the action of acidic water, they accumulated
on the surface.

In relation to what was previously specified, and based on [9, 10], it is interest-
ing to say that the soil of Meridiani Planum is composed of fine grains of basalt
sand, in addition to a surface of spherules, with a high content of hematite, and
other granules. According to [9], the erosion by action of the wind is visible, as well
as small impacts of craters and layers of sedimentary rocks, finely laminated, rich in
sulfides [10] and sulphated salts. Regarding cross lamination, it is known that on
small scales it provides evidence that liquid water flowed through the study area.
These rocks were probably a mixture of siliciclastic and chemical sediments formed
in an episode of shallow water flooding followed by evaporation, exposure, and
settling, similar to what occurs in a salt-marsh on Earth [11].
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3. Material and methods

For this study, a total of 49 control points were selected, using planetocentric
coordinates (Table 1), in the study area (Figure 2) based on the coverage of images
downloaded from the Pilot tool [12], and captured by the Viking Orbiter between
1976 and 1980. The purpose, of using images from the Viking Orbiter, is none other
than to check whether water and chlorophyll pigment-producing organisms existed
on the surface of Mars in that period.

In total, 942 images were obtained, all in the planetocentric coordinate system,
and whose geographic coordinates, which make up the area from which the control
points have been established, have values, relative to the upper left corner of the
study area, of 10° latitude and � 15° longitude, while those corresponding to the
lower right corner are �10° latitude and 15° longitude.

In order to eliminate the possible atmospheric effects present in the
information of each pixel of the downloaded images, the procedure patented by
the main author of this work was used [13]. This procedure uses RGB coded bands

Control point n° Latitude (°) Longitude (°) Control point n° Latitude (°) Longitude (°)

1 10 �15 26 0 5

2 10 �10 27 0 10

3 10 �5 28 0 15

4 10 0 29 �3 �15

5 10 5 30 �3 �10

6 10 10 31 �3 �5

7 10 15 32 �3 0

8 7 �15 33 �3 5

9 7 �10 34 �3 10

10 7 �5 35 �3 15

11 7 0 36 �7 �15

12 7 5 37 �7 �10

13 7 10 38 �7 �5

14 7 15 39 �7 0

15 3 �15 40 �7 5

16 3 �10 41 �7 10

17 3 �5 42 �7 15

18 3 0 43 �10 �15

19 3 5 44 �10 �10

20 3 10 45 �10 �5

21 3 15 46 �10 0

22 0 �15 47 �10 5

23 0 �10 48 �10 10

24 0 �5 49 �10 15

25 0 0

Table 1.
Control points on Mars surface where spectral signature has been obtained.
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(Red-Green-Red), which have a similar effect to that obtained when a satellite
image is corrected for bias and field. The resulting images will be displayed in
three colors (magenta, green and dark green), the latter being the one shown in
those areas whose relative moisture content is high compared to the rest of areas
of same image. It should be emphasized that the coding of visible bands, by means
of the patented procedure obtained by [13], results in a series of spectral bands
that provide more information than those corresponding only to the visible spec-
trum, since it allows to extract, from each pixel, the information found in the
region from ultraviolet to near infrared.

In order to find algorithms capable of detecting both the moisture content and the
existence of chlorophyll pigment-producing organisms on Mars surface, the spectral
signatures of the 49 control points specified above have been obtained, each of which
was compared with the spectral signatures encoded (with range of wavelengths in
nm) of different types of water, as well as different types of ice, existing in certain
areas of the Earth (Table 2), which are presented in Figures 3 and 4.

In the same way, a massive search for plant pigments was carried out at the pixel
level, using the Plant Pigment Ratio (PPR) [14], to later relate it to the Coded
Normalized Vegetation Index (CNDVI) obtained by [13]. Equations of the PPR and
CNDVI indices are shown in Eqs. (1) and (2) respectively.

PPR mol �mol�1of Clhorophill
� �

¼
Blue� Greenð Þ

Blueþ Greenð Þ
(1)

CNDVI ¼
Red cod� Green codð Þ

Red codþ Green codð Þ
r ¼ 0, 85;R2 ¼ 0, 91
� �

(2)

In another vein, a simulation of the transported soil was carried out, as a conse-
quence of erosive processes, in the study area. To carry out this analysis, a total of 82

Figure 2.
Location of the study area.
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control points were established, in the form of a rectangular mesh, in the study area,
although taking the area covered by Opportunity as a reference.

As a consequence of not having initial topographic values of the soil of Mars, nor
of how they have varied over time, the total transported soil is calculated using the

Water type 1 Mean spectral signature of water on Earth

Freshwater Mean spectral signature of freshwater on Earth

Saltwater Mean spectral signature of saltwater on Earth

Acid water 1 Mean spectral signature of the acidic water belonging to the South Minas de

Riotinto reservoir (Huelva, Spain)

Acid water 2 Mean spectral signature of the acidic water belonging to the North Minas de

Riotinto reservoir (Huelva, Spain)

Turbid water Mean spectral signature of turbid water existing in the Guadalquivir River

(South of the Iberian Peninsula, Spain)

Frozen water (type 1) Mean spectral signature of water ice on Earth

Frozen water (type 2) Mean spectral signature of the Sierra Nevada water ice (Granada, Spain)

Table 2.
Different types of both water and ice, existing in the Earth, taken as reference.

Figure 3.
Spectral signatures of different types of water in the visible spectrum (MSS water on Earth is the Mean Spectral
Signature of water on Earth).

Figure 4.
Spectral signatures of two types of frozen water in the visible spectrum.
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equation proposed by [11] for salt-marshes. It must be taken into account that
the small diameter of the pebbles existing in the study area, which have been
measured from the images captured by Opportunity using ImageJ software, are
similar to the diameter of those existing in salt-marshes on Earth with a very slow
water course velocity (such as that existing at Tinto or Odiel salt-marshes, or
even at both Isla Cristina or Doñana salt-marshes). Therefore, the model used is
shown in Eq. (3):

y ¼ 0, 032� 0, 133 � SD� 1, 164 � T r ¼ 0, 973;R2 ¼ 0, 941
� �

(3)

Where “y” is the prediction of volume of eroded soil in hm3, “SD” is the
equivalent area (km2) where the eroded volume has occurred, and “T” is the height
counted from the lowest level of the bed depth, in each control point, in study area
(positive values represent sediment deposition, while negative values represent soil
erosion).

In order to be able to calculate, with sufficient precision and through iterative
processes [13], the volume of eroded soil, the Digital Terrain Model (DTM) of the
Mars Orbiter Laser Altimeter (MOLA) has been used.

In relation to the above, a model was obtained, from which, to calculate the
water flow velocity that existed in Meridiani Planum based on the pebbles diameter
found in the Opportunity images. This model was compared with the one obtained
by the second and third author of this chapter in a zone of slow water flow velocity
of the Chaqui river in Bucay (Ecuador) and in a stream located in Bonita Creek (CA,
USA) respectively.

4. Results and discussion

4.1 Analysis of spectral signatures

After comparing the spectral signatures of each of the 49 control points
(Table 1) established in the study area, with the spectral signatures encoded (with
range of wavelengths in nm) of the Earth (Figures 3 and 4), coincidences have been
found in three of them (Figure 5), and more specifically with those corresponding
to acid water 2, turbid water and frozen water (type 2), although only in 39 control
points (Table 3).

On the other hand, and as a consequence of the existence of perchlorate salt (it
enables the existence of acid water, in addition to facilitating the water evaporation
at temperatures below 0°C) on Mars surface [15], a new algorithm, called Moisture
Soil Index on Mars (MSIM), has been obtained, with which it is possible to obtain
the humidity percentage in Martian soil. The expression of the MSIM is shown in
Eq. (4):

MSIM %ð Þ ¼ 10 � 1�
Blue band

Red band

� �1,5
" #

r ¼ 0, 71;R2 ¼ 0, 735
� �

(4)

After comparing the MSIM with the WEH moisture index (it corresponds to the
amount of hydrogen molecules in the water) established by [16] (Figure 6) it is
observed that, although there is no relationship between both indices, it is true that
a high WEH corresponds to high MSIM and vice versa.

In order to facilitate the use of this new index, an estimate of it can be obtained
from the planetocentric coordinates of Mars, as shown in Eq. (5).
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MSIM %ð Þ ¼ �0, 32þ 0, 014 � Lþ 0, 063 � Lat� 0, 033 � Lon r ¼ 0, 71;R2 ¼ 0, 47
� �

(5)

Knowing that:
L = Luminance of each pixel = Red + Green + (Blue/3). It is a dimensionless

index.
Lat = Latitude in decimal degrees.
Lon = Longitude in decimal degrees.

Acid water 2 Turbid water Frozen water (type 2)

C.P. Lat Long C.P. Lat Long C.P. Lat Long C.P. Lat Long

1 10° �15° 17 3° �5° 11 7° 0° 18 3° 0°

2 10° �10° 21 3° 15° 19 3° 5°

3 10° �5° 23 0° �10° 20 3° 10°

4 10° 0° 24 0° �5° 22 0° �15°

5 10° 5° 27 0° 10° 26 0° 5°

6 10° 10° 28 0° 15° 31 �3° �5°

7 10° 15° 29 �3° �15° 36 �7° �15°

8 7° �15° 30 �3° �10° 41 �7° 10°

9 7° �10° 34 �3° 10° 43 �10° �15°

10 7° �5° 35 �3° 15° 44 �10° �10°

13 7° 10° 37 �7° �10° 47 �10° 5°

14 7° 15° 45 �10° �5°

15 3° �15° 49 �10 15°

16 3° �10°

Table 3.
Planetocentric coordinates of Mars with coincidences in spectral signature with Earth (C.P. = Control Point).

Figure 5.
Spectral signatures found on Mars.
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4.2 Analysis of moisture sources from Opportunity images

As is well known, according to [17], soil moisture plays a fundamental role
both in the hydrological cycle and in land-atmosphere interactions. However,
there are several studies in which the importance of the soil has been analyzed in
various scientific areas, such as in climate simulations and meteorological prediction
[18], in precipitation and runoff models [19] or in evapotranspiration [20] among
others.

In this sense, and with regard to Eagle Crater, [21] specified that the outcrop,
shown in the upper part of Figure 7, was wet by salt water, in addition to containing
high concentrations of hematite and jarosite, minerals that form from the alteration
of rocks in the presence of acidic water.

At this point, it is very important to mention that, according to [23],
depending on the texture and structure of the soils, these can contain a certain
amount of moisture that is normally generated as a result of a rainfall event [24],
that saturates the soil causing a portion to drain towards the interior due to the
gravity force.

Regarding the Endurance crater, Opportunity made a total of seven holes using
the rock abrasion tool. Likewise, the rover made combined mosaic images like the
one shown in Figure 8 on the left. Evidence of fine-grained red hematite was
observed around the drill area [21].

It is convenient to emphasize that the dark green area, selected with the red
arrow in Figure 8 right, contains iron oxide compounds, which, on the surface of
Mars, have a color similar to that of hematite on Earth (gray).

In another vein, according to [26], the studied area by Opportunity have sand-
stones rich in sulfates, which indicates the existence of past erosion by the action of
both the wind and by a slow water flow as a result of the possible formation of
ephemeral (and shallow) lakes.

In Figure 9 right it can be seen that the dark green coloration, which indicates
the presence of moisture [13], is found in the predominant stratum on the right.
This stratum is formed by a lumpy rock called Wopmay located on the inner of
Endurance slopes. It is believed that this type of rock is the consequence of an
alteration due to the presence of water [27].

Figure 6.
Comparison between WEH [16] and MSIM obtained for Mars in the study area.

9

Sedimentation and Proposed Algorithms to Detect the Possible Existence of Vegetation…
DOI: http://dx.doi.org/10.5772/intechopen.97628



4.3 Model to obtain water flow velocity based on pebbles diameter

To obtain this model, both in the Chaqui River (Bucay, Ecuador) and in a stream
located in Bonita Creek (California, USA), the water velocity was calculated at a series
of points established in field (15 in Ecuador and 10 in the USA), to later measure the
average pebbles diameter at those same points. Subsequently, with the use of geneti-
cally modified algorithms, although taking into account the gravity of Mars (3,7 m/s2),
the water flow velocity that should exist on Mars was calculated to have pebbles of
the same diameter as those measured in the specified sampling points. For this
process, the DTM obtained by MOLA was also used. The result was that the water
flow velocity on Mars having to be in a relationship as shown in Eq. (6):

Von Mars ¼
eDon Earth

3
r ¼ 0, 91;R2 ¼ 0, 99
� �

(6)

Once the water velocity on Mars was obtained, it was represented against the
diameter, obtaining the model presented in Figure 10, and from which it is possible
to calculate the water velocity in any area of Mars as long as there is evidence that it
was covered by water. In Eq. (7) the model presented in Figure 10 is appropriately
specified.

Figure 7.
Image taken by Opportunity (Sol 4) at Eagle Crater [22]. The lower image shows the wet areas (red arrows)
after subjecting the upper image to the process patented by [13].
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Von Mars ¼ 0, 4961 �Dpebbles on Mars þ 0, 3025 r ¼ 0, 98;R2 ¼ 0, 99
� �

(7)

Authors want to record that the model shown in Eq. (7) has been used by
two studies, pending publication, in the areas of the Spirit and Curiosity rovers
respectively, obtaining results that are fully consistent with the reality of Mars.

Later, with the use of the free software ImageJ (Figure 11), the pebbles diameter
in the study area was measured. In Figure 11 is shown a measure that no
corresponding to a pebbles only to show, clearly, the procedure used. Pebbles
diameters measured in study area fit perfectly (see Figure 10) with Eq. (7).

4.4 Prediction of erosion in Meridiani Planum

As can be seen in Figure 10, as well as in Eq. (7), the water velocities obtained on
Mars are in the same velocities range as those obtained in a salt-marsh, for this
reason the model shown in Eq. (3) and proposed by [11] has been used.

The transport of sediments in study area has been calculated through an
evaluation to pixel level (Figure 12) using the DTM obtained by MOLA and the
patented procedure by [13]. In this figure, sediment transport is simulated based on
climatic conditions [28] on Mars and a surface shape factor dependent of algorithm
used by [13].

Throughout its history, and according to [24], the surface of Mars has had a very
active hydrological cycle, which has given rise to a network of valleys formed,
mainly, by the surface flow erosion, leaving, as secondary factor, erosion due to
groundwater seepage. It is precisely this fact that makes it possible for the depth
profile at the control points 12, 15 and 77 to reach the values �1437,47 m,
�1676,72 m and � 2873,03 m respectively.

Figure 8.
Image taken by Opportunity (Sol 173) at Endurance Crater [25]. The right image shows the wet areas (red
arrow) after subjecting the upper image to the process patented by [13].
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Figure 10.
Relationship between the water velocity (m/s) and the pebbles diameter (m) on Mars surface.

Figure 9.
Image taken by Opportunity (Sol 248) at Endurance Crater [27]. The right image shows the wet areas (red
arrows) after subjecting the upper image to the process patented by [13].
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Figure 11.
Procedure used to measure diameter (length measurements are in pixels).

Figure 12.
Variation of the depth in terms of sediment transport in study area (positive values = soil deposition; negative
values = soil erosion).
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4.5 Possible existence of chlorophyll pigment-producing organisms on Mars
surface

After the analysis carried out at the pixel level, in order to find some trace of
vegetal life, it has been obtained that the PPR index [14] has varied between �0,10
and 0,09 mol � mol�1 of chlorophyll (Figure 13). It must be specified that on Earth,
values between 0 and 0,1 mol � mol�1 chlorophyll (both inclusive) correspond to
Neoxanthin.

According to [29], Neoxanthin is a type of carotenoid and xanthophyll existing
in some types of plants, and whose function is to protect the plant against photo-
oxidative stress.

It must be taken into account that, on Earth, the production of Neoxanthin by
vegetables remains constant at temperatures of up to �20°C, easily achievable on
Mars, while the production of Carotenoids and Beta-Carotenoids decreases at tem-
peratures below 0°C. For this reason, there is a certain probability that organisms
that synthesize, mainly, Neoxanthin may exist on Mars surface.

After the bibliographic review carried out, and according to [30], one of the
organisms that synthesizes Neoxanthin, and that may possibly be present on the
Mars surface, are microalgae with a protected cell wall. These organisms can survive
in extreme conditions as long as they are adapted to the environment.

It is known that microalgae proliferate on Earth in conditions of contamination
of the aqueous environment, which can be found on Mars due to the existence of
perchlorate salt. In the same way, and after the analysis of the spectral signatures,
acidic water and turbid water have been found, so the existence of microalgae is
reinforced.

Given the possible existence of microalgae on Mars, the new CNDVI (Eq. (2))
was obtained, whose relationship with the PPR index is presented in Figure 14. As
can be seen in Figure 14, relationship between both variables is quite good, so the
idea of the possible existence of microalgae, or Neoxanthin-producing organisms,
on Mars becomes more consistent.

Figure 13.
Relationship between the MSIM and the PPR index in study area.
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5. Conclusions

In this study, different novel aspects related to Meridiani Planum, as well as
Opportunity, have been shown.

Logically, despite the fact that the results obtained are encouraging in many
aspects, other hypotheses must be taken into account in order to complement not
only this research work, but also all those that are carried out from this study.

However, we must pay attention to the well-known seasonal process of water
mobility on Mars as a result of perchlorate salts, since a phenomenon similar to
FVAT [31] can exist, due to which the transit of water and salt of perchlorate
towards the surface is possible from certain environmental conditions of relative
humidity, pressure, temperature, as well as a determined concentration level of
perchlorate salt in the water, be it acidic or turbid.

During the present work, the presence of aqueous minerals has been corrobo-
rated, although it is true that the samples collected by Opportunity, as well as other
rovers that are in operation on Mars, have sufficient reliability. In this regard, this
study shows that the data obtained (from the 942 images analyzed) by the Viking
Orbiter have the same reliability, especially as a result of the fact that they have
made it possible to corroborate aspects, phenomena and situations that occurred on
Mars, and that Opportunity, Spirit and Curiosity had demonstrated. A special
mention should be made of Perseverance, whose data will allow us to advance our
knowledge of the red planet.

Authors want to highlight, given that they have carried out the same study in the
areas covered by Spirit and Curiosity, that the results obtained are similar, although
in the area covered by Curiosity there is evidence of a lower amount of PPR. On the
other hand, in the Gusev crater, area where Spirit is located, a spectral signature
corresponding to saltwater has been found.

Finally, it must be emphasized the importance of new technologies, patented
processes, as well as the development of new advanced calculation tools capable of
jointly simulating all possible situations that may occur on any rocky planet or moon
existing, since in this way the advancement of knowledge in those worlds will be
more efficient.

Figure 14.
Relationship between the CNDVI and the PPR index in study area.
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