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Abstract

This research analyzed vegetation cover through the application of the vegetation index transition matrix
(NDVI-GNDVI) at the Afa Moyocancha High Altitude Station using aerial images captured by drone. The
images were captured using the Sendera-Sensor AGX710 multispectral camera and the DJI M200 remotely
piloted aerial vehicle; the DJI Pilot application was used for flight planning. Subsequently, the images were
processed in Pix4Dmapper software. Once the spectral bands were generated, they were entered into
ArcGIS 10.8 software to calculate the indices; these were reclassified, transformed and the intersection
matrix was applied. The results obtained showed a maximum NDVI value of 1 and a minimum of -0.9991,
for the GNDVI a maximum value of 1 and a minimum of -0.9991, the reclassification determined for the
NDVI the middle class with 108.2 representing 51.28 %, followed by the high class with 38.58 Ha. covering
38.58% and the low class represented 21.4 Ha, The middle class represented 137 ha (65.03 %), followed
by the low class with 72.13 ha (20%) and the high class with 1.66 ha (0.79 %). It is concluded that the
analysis using the intersection tool identified eight categories. The low coincidence category covered an
area of 1.65 ha, which established spaces with infrastructure, the medium coincidence category covered
0.000737 ha, which determined areas of sparse vegetation and the high coincidence category with 0.113067
ha corresponded to shrub vegetation.

Keywords: Remote sensing, spectral indices, NDVI, GNVI, herbaceous moorland, transition
matrix.

1. INTRODUCTION catalogued high Andean wetlands as strategic
ecosystems for the region in 2002 [3], these
ecosystems are still under great threat and
vulnerability due to two predominant variables:
the agricultural frontier expansion and climate
change [4].

In recent years, a large loss of wetlands has
been estimated globally, with South America as
the second most affected region, with a loss of
32% of these ecosystems [1]. Among the
wetlands of the South American region are the
high Andean wetlands, which are located along Remote sensing consists of studying the
the Andes in the paramo, jalca and puna vegetation of a scene from reflectivity
ecosystems [2]. Although international measurements independently of all the factors
organizations such as the Ramsar Convention that disturb the radiometric signal, among
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which the reflectivity of the soil is one of the
most important. The application of remote
sensing is possible thanks to the interaction of
electromagnetic energy with land covers that
have a variable reflective behavior, conditioned
by their state at the time of image acquisition
[5]. Furthermore, measuring reflectance with
optical sensors has the potential to provide
information on the status of different crops [6].

Vegetation indices are images calculated from
algebraic operations between different spectral
bands. The result allows for a new image where
certain pixels related to plant cover parameters
are graphically highlighted: density, leaf area
index and chlorophyll activity. The Normalized
Difference Vegetation Index (NDVI) has been
widely used as an indicator of plant biomass
vigor in studies related to crop performance and
natural forest vegetation. However, this index
has many modifications to correct certain
deficiencies [7]. The NDVI index ranges
between -1 and 1, whose values lower than 0.1
are interpreted as bare soils or water bodies.
Higher values are equivalent to the vegetation
cover; the higher the values indicate the
photosynthetic  activity of the various
coverages (shrublands, temperate forest, jungle
and agricultural activity) [8, 9].

The spectral index Green Normalized
Difference  Vegetation Index (GNDVI),
defined by Gitelson et al. (1996), was

calculated to show the range of greenness of
plant leaves or photosynthetic activity. It is one
of the most widely used indexes in vegetation
analysis to determine the uptake of water and
nitrogen in the layer of branches and leaves. In
identifying different chlorophyll concentration
rates, GNDVI is more effective than NDVI in
identifying different chlorophyll concentration
rates, as it is highly correlated with nitrogen in
plants [10,11,12]. The values yielded by the
NDVI also range from -1 to 1. Values between
-1 and O are associated with water or bare soil.
This index is mainly used in the intermediate
and final stages of the crop cycle; it is a variant

of NDVI that uses the green band instead of the
red band [13].

Uncrewed aerial vehicles (UAS/RPAS) have
been developed recently as a new versatile
platform for acquiring small images with many
applications in cartography, thermography and
agriculture [14]. Concerning this last aspect,
spectral images and the utility of uncrewed
aerial vehicles have allowed a Dbetter
characterization of what happens in the crop
through vegetation indices [15]. Vegetation
indices, or green indices, are transformations
that involve performing a mathematical
combination between the digital levels stored in
two or more spectral bands of the same image
[16], making it possible to estimate the
quantity, quality and development of the crop.
Moreover, specific wavelengths of this
spectrum are absorbed when sunlight strikes
objects, and others are reflected [17].

The processing of aerial images captured by
RPAS is performed in the PIX4D software,
developed in 2011, with the main function of
creating high-precision georeferenced 2D and
3D digital models and maps from drone
images. The software recognizes the type of
camera and the geographic reference system;
the processing is divided into three sections:
photo alignment, point cloud generation and
generation of orthomosaic and spectral indices
[18,19].

Despite the multiple benefits provided by the
moorlands, they are very vulnerable to
ecological imbalance generated by direct
human actions such as deforestation, changes
in land use and grazing, and indirect actions
such as the increase in global temperature due
to climate change, which in the end is a
consequence linked to the bad practices that
society manages. With this background, it is
necessary to carry out a study of the vegetation
index information (NDVI, GNDVI) for the
generation of a conservation and recovery
program of the existing flora, thus ensuring the
sustainability of the paramo ecosystem, since it
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is characterized by having a large amount of
biomass, which can capture energy, store it and
transfer nutrients to the grazing chains, thus
ensuring an adequate transfer of nutrients from
the plant to the soil system, thus improving the
biotic and abiotic conditions of the ecosystem.

This research aimed to analyze the vegetation
cover through the application of the transition
matrix (NDVI) and the green normalized
difference vegetation index (GNDVI) at the
Altura Afa Moyocancha station using aerial
images and to determine the current state of
vegetation cover.

2. Materials and methods
Study area

The study was carried out in the “Afia
Moyocancha” High Altitude Station at the
“Escuela Superior Politécnica de Chimborazo”
located 85 km from the city of Riobamba, in the
Tixan parish belonging to the Alausi canton,
specifically between the communities of
Silveria Santa Lucia and the Ozogoche
lagoons. The investigation was part of the
research project “Floristic Inventory of the
Protected Forest of the High Altitude Station
“Afia Moyocancha”, which lasted 18 months.
The area’s temperature is around 80 C., with a
relative humidity of 92%, and rainfall of 1000
mm and altitude ranges from 3800 to 4200
meters above sea level.

Figure 1. Map of the study area - Afa
Moyocancha Station.
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This ecosystem corresponds to the herbaceous
paramo (Sierra et al. 1999). The vegetation is

composed of eight families (Poaceae,
Cyperaceae,  Asteraceae,  Haloragaceae,
Rosaceae, Plantaginaceae, Apiaceae and

Fabaceae) and 27 species, including grasses
such as Calamagrostis vicunarun, Paspalum
pygmaeum and Paspalum bonplandianum,
Calamagrostis intermedia,  Anthoxatum
odoratum, Mulhbergia ligularis, Festuca
dolicophyla, and Agrostis breviculmis, among
others.

Figure 2. Orthomosaic- Afia Moyocancha
Station
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Evaluation methodology

This research has a quantitative approach in
that the data are numerical. It is field research
at a descriptive, analytical and prospective
level. It was carried out through bibliographic
reviews using inductive and deductive
methods. The equipment used in this research
was a DJI M200 commercial drone, a Sendera
multispectral camera - AGX710 sensor,
computer, Trimble Juno 3b handheld GPS -
sub-meter precision receiver and Motorola
communication radios.

First, the site was georeferenced in UTM WGS
84 17 SOUTH geographic coordinates, and the
surface of the study area was quantified and
labeled. Next, the data were processed with a
GIS tool. Then, the state and vegetation type
were recognized through a review of secondary
sources.

The Sendera AGX710 multispectral camera,
equipped with a 12.3MP BSI CMOS sensor,
captured aerial images. This camera allows the
capture of still images: JPEG and video: MP4,
captures data in 12.3MP Stills, 4K Ultra HD
video at 30 fps 1080p / 720p Video [20], is
compatible with the DJI M200 remotely piloted
aerial vehicle (RPAS). The RPAS is considered
an industrial drone that provides exceptional
information through plug-and-play technology,
allowing it to capture data quickly, develop
high-precision spectral index measurements,
and run deep learning algorithms [21].

Before the generation of the flight mission, the
climatic variables that may interfere during the
execution of the flight are investigated and
analyzed. For example, the presence of high-
speed wind, humidity, rain and extreme
temperatures can affect the performance of
UAVs; the presence of wind alters the
trajectory of the UAV, affecting its control and
decreasing the flight time, thus increasing the
battery consumption; the physical components
of the aircraft can be affected by extreme
temperatures that limit its aerodynamic

performance, influencing the density and
performance of the UAV.

Finally, humidity would affect the electronic
equipment inducing it to lose communication
and control of the aircraft.

In this regard, the available data on wind,
humidity and temperature in the study area
were investigated from historical records of the
National Institute of Meteorology and
Hydrology (IMANHI) and the “mountain-
forecas”  website, obtaining data on
precipitation, temperature, wind speed and
cloudiness [22,23].

To plan the flight, the DJI Pilot application was
used at an altitude of 80 meters, capturing
images with a pixel resolution of 30 cm/pixel,
with an overlap of 80% and a lateral overlap of
70%, with a flight duration of approximately
four hours. To cover the study area, 7 flights
were developed, all at a speed of 8 m/s, with
200 control points, reaching flights of between
35 and 40 minutes per set of batteries,
managing to capture 4340 photographs for the
211 ha of the study area. The flights were made
between 11:30 and 13:00 hours to obtain better
results because, during this time of the day,
there is greater photosynthetic activity due to
greater incident solar radiation.

The images taken during the flight were
transferred from the camera to a computer and
then processed in the Pix4Dmapper Ag
software. This software has been widely used
in precision agriculture and topography
applications [24,25,26]. In addition, it allows
converting thousands of 2D images into
georeferenced mosaics, accurate 3D models,
point clouds, elevation models, and different
files in (*.TIFF) format with each index to be
calculated. Also, PIX4D contains the most
common and default indexes.

The processing starts when the images are
loaded into the Pix4D software, which
recognizes the type of multispectral camera
used and the geographic reference system,
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which in this case was UTM WGS 84 17
SOUTH. Subsequently, the photo-alignment
process is executed, the cloud points are
generated, and finally, the DSM, Orthomosaic
and spectral indices are obtained [27].

Once the spectral bands were available, they
were entered into the GIS software using the
“Raster Calculator” tool that allows creating
and executing a map algebra expression that
generates a raster as output [28] for calculating
the spectral indices.

For the analysis and monitoring of vegetative
conditions and their dynamics in the land cover,
the NDVI spectral index was calculated, which
is derived through the response of the
vegetation to the electromagnetic spectrum,
being expressed as indicated by the following
equation [29,30].

Formula applied in the raster calculator = (NIR-
Red) / (NIR + Red), where NIR is near-infrared
light, and Red is visible red light.

To show the range of greenness of the plant
leaves or photosynthetic activity, the spectral
index GNDV1 was calculated, which allows for
determining the uptake of water and nitrogen in
the layer of branches and leaves. The formula
of the spectral index GNDVI corresponds to:

The formula applied in the raster calculator:
Float “NI” -“GREE”) / Float“NI” +“GREE”)

Reclassification of the two spectral indices into
medium, high and low values was performed
using the “Reclassify” tool, which reclassifies
or changes the values in a raster. Then, this
raster was transformed into vectors using the
“Raster to Polygon Conversion” tool that
converts a raster dataset into polygon entities
[28].

The coincidences between indices were
analyzed using the transitional matrix, which is
the starting point for land cover analysis and
land use change patterns [31]. This method
relates two data sources from maps [32]. First,

they are described as tables with symmetrical
arrangements containing in the rows figures of
vegetation and land use for some time or of a
specific nature and in the columns these same
elements, but of another period or type. Each
cell of the main diagonal of such a matrix
represents the area in hectares of each
vegetation cover and land use class that
remained in the same category, while the rest of
the cells estimate the area of a particular cover
or land use type that moved to another category
[33], which allows understanding the dynamics
of change in land cover and land use.

The transition matrix allowed for generating a
table from the intersection that determines
similarity and change rates for each vector layer
[34]. The matrix is composed of rows
corresponding to the NDVI vector layer with
the high mean and low values, and in the
column, the reclassified values of the GNDVI
were placed [35]. The areas that coincide with
the classes of each index are shown in the main
diagonal of the table, while the elements
outside the main diagonal belong to the
relationships between the categories of the two
spectral indices [36]. The process was
performed with the “Intersec” tool that
calculates a geometric intersection of the input
entities. Entities or parts of entities that overlap
in all layers and entity classes are written to the
output entity class.

3. Results and Discussion

Once the aerial images were processed in the
PIX 4dMapper software, the following bands
were obtained:
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Figure 3. Maps of the RED, GREEN, BLUE,
NIR Orthomosaic at Afla Moyocancha
Station.

Map 1 shows the RED band Orthomosaic,
which allows determining chlorophyll uptake,
thus very useful for land cover, agriculture and
land use classification; Map 2 represents the
GREEN band Orthomosaic, designed to assess
the vigor of healthy vegetation, differentiate
rock types and measure water quality; Map 3
presents the BLUE band Orthomosaic, helpful
in  mapping water bodies, differentiating
between soil and vegetation, differentiating
between coniferous and deciduous vegetation;
and Map 4 displays the NIR band Orthomosaic
that models the part of the spectrum reflecting
from healthy plants.

Once the NDVI formula was applied, the
following map (Figure 4) was obtained for the
Afia Moyochancha station.

Figure 4. Map of the NDVI index at Afa
Moyocancha Station.
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It was determined that at the Afia Moyocancha
high altitude station, the maximum NDVI value
is 1, concentrated mainly in the eastern flank
zone, decreasing towards the central part and
reappearing in several sections of the western
and southern part of the study area; the average
NDVI value is 0.13, concentrated in the central
section of the study area and the minimum
NDVI value is -0.9991, concentrated in
sections that go from the western flank towards
the central zone of the station. The variation in
the intensity of the vegetation coloration is
presented: intense green when the NDVI is
higher, yellow when the NDVI has medium
values and orange when the NDVI has low
values.

Values similar to those found in the study
“Evaluation of the state of the Pugllohuma
wetland, belonging to the Antisana water
conservation area (Acha), through the analysis
of spectral indices of images captured from an
unmanned aircraft (UAV” where a minimum
value of -0.03 is presented, with the highest
number of pixels from the value 0.26 and with
a lower number of pixels reaching a maximum
value of 0.95 of the NDVI spectral index [37].
Results comparable to those reviewed in the
study “Analysis of multispectral images
acquired with unmanned aerial vehicle” in
sugarcane plantations where 0.2 is reported as
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the minimum value and 0.5 as the maximum
value [38]. And those reported by the study
Estimation of pasture yield using NDVI with
imagery multispectral unmanned aerial vehicle
(UAV” exposing a minimum value of 0.34 and
a maximum value of 0.59 [39].

It can be noted that the vegetation cover
presents significant variations in response to
various land use factors; the study area is
composed mainly of herbaceous vegetation,
having a high reflectance in the near-infrared,
facilitating its estimation.

Subsequently, the GNDVI spectral index
calculation map was obtained for the Afia
Moyochancha station, applying the formula
previously described.

Figure 5. Map of the GNDVI index at the
Afia Moyocancha station.
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It was determined that at the Afia Moyocancha
station, the maximum value of GNDVI is 1,
which is mainly concentrated in the section of
the eastern flank, decreases towards the central
part and reappears in a section of the western
and southern part of the study area; the average
value of GNDVI is 0.15, which is concentrated
in the central section of the study area and the
minimum value of GNDVI is -0.9991, which is
concentrated in the section that goes from the
western flank towards the central part of the
study area. Map 6 shows the variation of the
vegetation color intensity, being intense green
when the GNDVI is higher, yellow when the
GNDVI has medium values and orange when
the GNDVI has low values.

Values are comparable to those reported in the
study entitled “Evaluation of the state of the
Pugllohuma wetland, belonging to the Antisana
(Acha) water conservation area, through the
analysis of spectral indices of images captured
from an unmanned aircraft (UAV)” where a
minimum value of 0.00 minimum is presented,
without showing negative values and with a
maximum value of 0.9 of the GNDV!I spectral
index [36]. This data differs from that presented
in the study “Analysis of aerial images as a
support for the monitoring of pasture crops for
cattle consumption,” in which all the data are
positive, with a minimum value of 0.25 and a
maximum value of 0.82 of the GNDVI spectral
index [40].

The reclassification of the NDVI and GNDVI
spectral indices allowed to distinguish 3
intervals with values detailed in the following
table:

Table 1. Intervals of the reclassification of the spectral indices

Intervals GNDVI values NDVI values
1 from -0.999125 to -0.671144 from -0.9992 to -0.413497
2 from -0.671144t0 0.1 from -0.413497 t0 0.1
3 from0.1to 1 from0.1to 1
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Class 1 represents areas with lower values that
correspond to areas without vegetation due to
the existence of infrastructure and roads
mainly; class 2 represents areas with medium
values that correspond to areas with sparse
vegetation that may be due to trampling and
grazing; and class 3 represents areas with
higher values that correspond to areas with
dense vegetation.

Figure 6. Reclassified NDVI and GNDVI
maps of the Afla Moyocancha station.
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Figure 6) shows the reclassified NDV1 spectral
index map, exposing that the largest area is in
the middle class with 108.2 ha, occupying
51.28 %, followed by the high class with 38.58
ha covering 38.58%, while the low class would
represent 21.4 ha occupying 1.14 %. In
addition, Figure 7 presents the map of the
reclassified GNDVI spectral index, showing
that the largest area is in the middle class, with

137 ha occupying 65.03 %, followed by the low
class with 72.13 ha occupying 20%, while the
high class would represent 1.66 ha occupying
0.79 % of the station area.

The analysis using the intersection tool
between the NDVI and GNDVI indices shows
eight categories represented in the following
map (Figure 7).

Figure 7. Intersection between the
reclassified NDVI and GNDV!I indices.
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Figure 8 shows the match categories with value
11 for the low level with a red coloration, a
yellowish coloration for value 22 representing
the medium level match and for the high-level
match with coding of 33 with a dark green
coloration.

Table 2. Transition matrix of NDVI and GNDVI spectral indices.

Transition Low NDVI Average NDVI High NDVI
matrix ha 10 20 30
GNDVI low 1 1.655339 11 0.000043 21 0.043074 31
GNDVI medium 2 19.628954 12 0.000737 22 0.041988 32
GNDVI high 3 0.000043 13 189.975039 23 0.113067 33

The coincidences of the low categories of the
GNDVI and NDVI spectral indices cover an

area of 1.65 ha that determine areas with
infrastructure; the coincidences of the medium
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category of the two spectral indices cover an
area of 0.000737 ha that determine areas of
sparse vegetation, possibly subjected to
trampling; the coincidence of the high category
covers an area of 0.113067 ha corresponding to
shrub vegetation. The most significant number
of pixels that coincide between the two indices
are those of the low category, followed by the
high category and finally, those of the medium
category.

Code 12 (medium GNDVI - low NDVI ratio)
corresponds to 19.62 ha and indicates areas
without vegetation - roads. Code 13 (high
GNDVI - low NDVI ratio) corresponds to
0.000043 ha and indicates that there are areas
with sparse vegetation - fences, code 21 (low
GNDVI - medium NDVI) corresponds to
0.000043 ha and indicates that there are areas
with sparse vegetation - fences, code 21 (low
GNDVI - medium NDVI) corresponds to
0.000043 ha and indicates that there are code
23 (high GNDVI ratio and medium NDVI)
occupies most of the area, indicating that there
is an area of 189.9 ha with medium dense
vegetation; code 31 (low GNDVI ratio and high
NDVI) is an area of 0.043074 ha corresponding
to areas with dense vegetation and code 32
(medium GNDVI ratio and high NDVI) has an
area of 0.041988 ha, corresponding to areas
with shrub vegetation.

4. Conclusions

Drones have recently been wused as an
environmental remote sensing system and
represent an excellent tool for high-precision
monitoring and analysis. In the present study,
they have made it possible to obtain 4340
images of areas with a resolution of 30
cm/pixel, with flights at an altitude of 80
meters, making it easier to identify problems
and take measurements in large areas with
limited access and in a shorter work time.

The intersection analysis of the NDVI and
GNIDVI spectral indices coincides with the
detection of moderately dense vegetation,

identifying areas with regular photosynthetic
activity.

The use of the GNDVI spectral index is
recommended for vegetation analysis as it is
evidenced that it has better detection of high
categories. Consequently, it provides a better
view of biomass.
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