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ABSTRACT

Land use change studies are very important tools because they evaluate the speed of
deforestation/reforestation, determine its geographic extension and comprehend the
social and economic causes of the changes at global, regional and local scales. The
objective of this work was to analyze land use changes in the Guangras sector, in an
area of 1 609.48 ha focused on to the recovery of ecosystem services and biodiversity
conservation in the southern zone of the eastern Andean Cordillera within Sangay
National Park. A spatio-temporal study was carried out through satellite images, where
Landsat images were pre-processed and classified using ArcGis 10.1 software to
determine the change in land use and the analysis of the transition matrix. As a result
of this geospatial study, five land uses were identified: moorland, agricultural crops,
forest, grassland and water bodies, as well as a change dynamic from 1991 to 2016, in
relation to the forest, a decrease of 2.47 %, of moorland 0.76 %, of water bodies 0.28
%, while grassland increased by 3.07 %, and agricultural crops by 1.88 %.

Keywords: Satellite images; Vegetation cover; Spatio-temporal study; Degradation;
Fragmentation.

RESUMEN

Los estudios del cambio de uso del suelo son herramientas de gran importancia ya que
evaltan la velocidad de la deforestacion/reforestacion, determinan su extension
geografica y entienden cudles son las causas sociales y econdmicas de los cambios, en
las escalas global, regional y local. El presente trabajo tuvo como objetivo analizar los
cambios de uso del suelo del sector Guangras, en un area de 1 609,48 ha orientadas a
la recuperacion de servicios ecosistémicos y a la conservacion de la biodiversidad en la
zona Sur de la cordillera oriental de los Andes dentro del Parque Nacional Sangay. Se
llevdé a cabo un estudio espacio-temporal a través de imagenes satelitales, donde se
realizé el pre-procesamiento y clasificacion de imagenes Landsat, utilizando el software
ArcGis 10.1 para determinar el cambio de uso de suelo, y el andlisis de la matriz de
transicion. Como resultado de este estudio geoespacial se identificaron cinco usos de
suelo paramo, cultivos agricolas, bosque, pastizal y cuerpos de agua, asi como una
dindmica de cambio de 1991 a 2016, en relacion al bosque, de disminucién de un 2,47
%, del paramo 0,76 %, de los cuerpos de agua 0,28 %, mientras que el pastizal aumento
un 3,07 %, v los cultivos agricolas en 1,88 %.

Palabras clave: Imagenes satelitales; Cobertura vegetal; Estudio espacio-temporal,
degradacion; Fragmentacion.
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RESUMO

Os estudos de mudanca do uso da terra sao ferramentas muito importantes, pois avaliam
a velocidade do desmatamento/reflorestamento, determinam sua extensao geografica e
compreendem as causas sociais e econdmicas da mudanga em escala global, regional e
local. O objetivo deste estudo foi analisar as mudangas no uso da terra no setor de
Guangras, em uma area de 1.609,48 ha orientada para a recuperagao dos servicos
ecossistémicos e a conservagao da biodiversidade na zona sul da cordilheira dos Andes
orientais dentro do Parque Nacional de Sangay. Foi realizado um estudo espaco-temporal
utilizando imagens de satélite, pré-processamento e classificacdo de imagens Landsat,
utilizando o software ArcGis 10.1 para determinar a mudanga no uso do solo, e a analise
da matriz de transicdo. Como resultado deste estudo geoespacial, foram identificados
cinco usos do solo: paramo, culturas agricolas, florestas, pastagens e corpos de agua,
assim como uma dindmica de mudanga de 1991 a 2016, em relacdo a floresta, uma
diminuicdo de 2,47 %, do paramo 0,76 %, dos corpos de agua 0,28 %, enquanto as
pastagens aumentaram 3,07 %, e as culturas agricolas 1,88 %.

Palavras-chave: Imagens de satélite; Cobertura vegetal; Estudo espago-temporal,
degradacao; Fragmentacao.

INTRODUCTION

Land use change studies are tools of great importance as they assess the speed of
deforestation/reforestation, determine its geographic extent and understand what the
social and economic causes of the changes, at global, regional and local scales are (Ruiz,
Savé and Herrera, 2014).

The use of satellite images and their application in multi-temporal studies using GIS
have made it possible to quantify the anthropic changes that have occurred in a given
space and in a defined period of time. Thanks to this type of tool, changes in land use
and land cover have received greater attention in recent years; these types of studies
provide valuable information for environmental decision-making and are of great help
as tools for monitoring and quantifying the changes that have occurred in an area of
interest over an established period of time (Pimiento, 2019).

This topic has increased interest at present, with the work of Escobar and Castillo, (2021)
who analyze the trajectories of land cover and land use change in three watersheds in
the Soconusco region, Chiapas, Mexico over a period of 25 years; Sandoval et al., (2021)
in a micro-watershed in the Mixteca Alta Oaxaquefia, Mexico during the period from 1995
to 2016; Pérez et al., (2021) in ecosystems of the municipality of San Pablo Cuatro
Venados, Zaachila, Oaxaca in the period from 1998 to 2000.

Bonilla-Moheno et al., (2012) point out that research on land cover and land use change
at the local level provides appropriate information on the main factors of these
modifications; in addition to, incorporating into the analysis details of productive
activities at the household level, as well as in the historical and social context.

That is why, counting with an outdated Sangay National Park management plan, which
dates back to 1998, brings consequently that the changes that the area has experienced
by anthropogenic activities, which have been intense according to Vistin (2018) are not

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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known. This work has the following objective: to analyze the changes in land use of the
Guangras sector within Sangay National Park (PNS).

MATERIALS AND METHODS

The study area is located in the forest of the community of Guangras in the Achupallas
Parish within the micro-watershed of the Santiago River, located in the province of
Chimborazo within the boundaries of Sangay National Park, Ecuador, which is bordered
to the north by the Ozogoche micro-watershed, to the south by the province of Azuay,
to the east by the province of Morona Santiago, and to the west by the province of
Cafar. The projected geographic coordinates UTM Zone 17S, DATUM WGS 84 are
Latitude South 765693 and Longitude East 9726656 (Figure 1).

ECUADOR BOSQUE DGUANGRAS

:

PRO‘-’ENCIAIDE CHIMBORAZO

AT, MIKTN Zemas TTR 5@7

/ DATOM: WS4 Zaws 178
/

Figure 1. - Location of the study area

For the classification of land use and the changes that occurred during the period 1991-
2016, two Landsat 5 images obtained in 2016 during the dry season with a cloud cover
of 10 % (path/row: 10/62), remote sensing techniques, and the use of Geographic
Information Systems (GIS) were used. The following land uses were determined: forest,
water bodies, crops, grassland, plantations and moorlands in the dates January and 1991
November of 2016.

The satellite images for the selected dates were obtained from the United States
Geological Survey (USGS) website. Earlier dates were selected because of the scarcity
of images without cloud cover, a recurrent problem in the study area. The images were
geo-referenced using coordinates in the Universal Transverse Mercator map projection
(WGS Zone 8417S), for integration within the GIS environment with a spatial resolution
(30x30m).

This process was carried out in ArcGis GIS ver. 10.1 the images had the same geo-
reference, then proceeded to radiometric corrections involving the restoration of lost
lines or pixels, by Surface Reflectance, combination of bands, and atmospheric correction
that was performed with mathematical models that integrate the recorded value of gray

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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levels with the real existing values of the object on the ground (calibration process) using
LEDAPS (NASA software), atmospheric correction that was performed with mathematical
models that integrate the recorded value of gray levels with the real existing values of
the object on the ground (calibration process) using LEDAPS (NASA software), and
geometric correction that modifies the geometry of the pixels adjusting them to a
geometric system, process that was performed using geo-referenced images 17S UTM
Datum WGS.

Radiometric corrections are essential for proper interpretation of satellite images, as
contrasts in illumination and geometry must be minimized in multi-temporal studies by
using constant values or correction coefficients for factors such as the distance between
the Earth and the Sun (Alexakis et al., 2014).

The correction consisted of using standard equations to convert digital numbers (ND) to
radiance and reflectance units perceived by the satellite sensor. The equations and
calibration data were obtained from Chander et al., (2009). After conversion to radiance,
each image was converted to surface reflectance considering the atmospheric correction.

An alternative to determine the atmospheric influence and reduce its effects within the
calibration process was through the image information itself, for which the dark object
subtraction (DOS) method proposed by Chavez (1996) was used.

The procedure was performed by means of a supervised classification, using the
maximum likelihood classifier, since it is one of the most commonly used algorithms in
remote sensing and is considered one of the most efficient discrimination procedures
where training fields representative of each category of vegetation cover and land use
were established in the image based on which each category was statistically
characterized. Subsequently, a full multidimensional probability function was evaluated,
in which each pixel is assigned to the class with the highest probability of membership
(Eastman 2010). It is important to note that this approach is based only on the spectral
information of the image and does not consider elements such as texture, shape and
object arrangement (Berlanga et al., 2010).

For the analysis of vegetation cover, in 2016 the procedure involved the selection of
training areas, where representative areas of the different categories are delimited;
subsequently, the parameters that characterize the distribution of the spectral data of
the areas defined as samples were calculated, the analysis of the areas was made and
finally the classification to obtain in the form of polygons the surfaces of the different
categories. Based on the radiometric, geometric and atmospheric correction of the 2016
Landsat 8 satellite image and its subsequent supervised classification with the maximum
likelihood algorithm, the land use map was generated.

RESULTS

When the supervised classification module was applied for the analysis of each land use
or land cover, new layers were generated, each according to the radiance value of the
pixels (Figure 2).

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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Figure 2. - Supervised classification of land uses

Subsequently, with the use of the Spatial Analyst tools (Multivariate) (Maximum
Likelihood) of Arc Gis 10.1, and the combination of bands four, three, two for natural
color, five, four, three for infrared, five, six, two for healthy vegetation in addition to the
panchromatic band number eight achieved a better resolution (15 m) being able to
determine the loss of vegetation cover (Figure 3).
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Figure 3. - Geo-processing of ASTER images from 1991 and 2016

The 1991 images correspond to clippings provided by the USGS. These cuttings are part
of the significant area for the study of vegetation cover change in the Santiago River
micro-basin, PNS.

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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Based on the radiometric, geometric and atmospheric correction of the 1991 Landsat 5
satellite images and their subsequent supervised classification with the maximum
likelihood algorithm, the land use map is generated, resulting in five land uses and
coverage (moor, crop, forest, grassland and water bodies) with the following quantitative
land use values: moor zone 4 146.06 ha representing 35.28 %, crops 1 990.17 ha 16.93
%, forest 4 332.89 ha with 36.87 %, grassland 1 251.83 ha 10.65 %, water bodies
32.40 ha with 0.28 %, with a total study area of 11 753.35 ha.

The analysis of vegetation cover in 2016 resulted in the same five land uses and
coverage as in the 1991 analysis quantitatively the following land use values: moor zone
3 431.14 ha representing 29.19 %, crops 3 200.53 ha 27.23 %, forest 2 355.95 ha with
20.04 %, grassland 2 735.53 ha 23.27 %, water bodies 30.20 ha with 0.26 %, with a
total study area of 11 753.35 ha.

Land cover change

Figure 4, shows the changes in land use of the study area, in 1991 the forested area had
an area of 4 332.89 ha however, by 2016 this decreased to 1 976.94 ha with a
deforestation rate of 2.47 %, similarly the moor area had an area of 4 146,06 ha
reducing by 2016 by 714 ha with a loss rate of 0.76 % the water bodies had an area of
32.4 ha which decreased by 2.2 ha thus the rate of change was 0.28 %, meanwhile for
grasslands the initial area was 1 251.83 ha which increased by 3.07 %, likewise the crop
area was recorded 1 990.17 ha increased by 1.88 % (Figure 4).

Cuerpos de agua .-28

piramo. | N

Figure 4. - Land use change in the period 1991 - 2016

For the analysis of land use change patterns, an evolution matrix was generated in terms
of surface area and percentage, which clearly explains the changes that occurred in each
category over a 25 year period (Table 1).

Between 1991 and 2016, 1 976.94 ha of forest areas, 714.92 ha of moor, 2.2 ha of
water bodies have been lost (Table 1), therefore, it is represented with negative values
indicating that these three categories were gradually losing area in 25 years.

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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Meanwhile, 1,210.36 ha belonging to crops and 1,483.7 ha of grassland represent sites
that, presumably, could have contributed to the advance of the agricultural border while
grassland areas have been increasing due to the implementation of cattle-raising.

It is possible to speculate that, due to the above-mentioned causes, this forest area has
been fragmented and degraded over the past 25 years, in addition to the slash-and-burn
activities carried out by the site's inhabitants, causing a loss not only of plant species
but also of the forest's diversity, despite the fact that it is located within a protected
area.

Table 1. - Evolution of land use in area and percentage between 1991 and 2016

M= Categories 19591 (ha) %o 2016 (ha) % Change in surface area (ha)
1 forest 4 332,89 36,87 2 355,95 20,04 -1 576,94
2 cultivation 1990,17 16,53 3 200,53 27,23 1210,36
3 moorland 4146,06 3523 3431,14 29,19 -714,52
4 grassland 1251,83 10,65 273553 23,27 1 483,70
5  body of water 32,40 0,28 30,20 0,26 -2,20
Total 11 753,35 100 11 753,35 100

The dynamics of land use change are presented in Table 2.

The sum of the persistence values (indicated on the diagonal) establishes that a total of
9,059.29 ha maintained their occupancy category, which represents 77.08% of the total
forest area of the Guangras community.

The results of gains and losses indicate notable losses of 1 689.65 ha of forest and a tiny
gain of just 0.35 ha, crops had a loss of 2.3 ha and a gain of 1 403.44 ha, moorland loss
was 788.67 ha with a gain of 3.35 ha, grasslands had 213.24 ha of loss and 1 286.92
ha of gain, and water bodies lost 0.2 ha with a gain of zero (Table 2).

Table 2. - Transition matrix by cross-tabulation of 1991 and 2016 land uses

Stable (5059.29)  forest cultivation wasteland grasssland body of  Total (1951) Losses Total change
water
bosque 2 355,95 723,14 0,36 966,15 0 404560 168965 1690,00
cultivo 0 1990,17 2,30 0 0 1992,47 2,30 1 405,74
paramo 0 468,10 3 431,14 320,57 0 4219,81 788,67 792,02
pastizal 0,35 212,20 0,65 1 251,83 0 1 465,07 213,24 1 500,16
cuerpos de agua 0 o 0 0,20 30,20 30,40 0,20 0,20
Total (2016) 2 356,30 3393,61 343449 253875 30,20 11 753,35
Ganancias 0,35 1 403,44 3,35 1 286,92 0

The result of the present study provides a characterization of land use change in the
Santiago River micro-watershed during the period 1991-2016, by using the maximum
likelihood procedure (Figure 5).

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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Figure 5. - Dynamics of land use change between 1991-2016

The most representative changes in surface area are the forest, which has lost 16.83 %,
while crops increased by 10.3 %, while the moor zone has lost 6.09 %; however, the
grassland zone increased in area by 12.62 %, and water bodies decreased by 0.02 %.

Between 1991 and 2016, more than 2 694.35 ha of natural vegetation were lost. The
situation is especially critical in the case of forests, which contribute 36.87 % of the total
area. Land dedicated to livestock (pasture) increased its area by 1 483.7 ha due to the
expansion of agricultural areas and livestock.

DISCUSSION

The evaluation of thematic reliability in the five land uses: forest, crop, moor, grassland,
pasture, water body, is in agreement with those obtained by (Champo, Valderrama and
Spain 2012; Pimiento 2019; Camacho, Jara and Gonzalez, 2022).

In relation to land use changes, we agree with Damian et al., (2018) in the Jubal River
micro-watershed (MCJ), Southwest of Sangay National Park, Achupallas parish, Alausi
canton, Chimborazo province, where the analysis of land cover and land use changes
showed in from 1991 to 2011 there was a decrease in the moor area and an increase in
crop and pasture areas results attributed to an increase in livestock and agricultural
production. In fact, these are the most important livelihood activities in the eastern part
of the micro-watershed.

It also coincides with the results reported by Cargua et al. (2018) in Ceja Andina forest
in the southwest of the PNS where there was from 2001 to 2014 forest decrease of 18
888.72 ha, with a loss of 1 931.60 ha as a consequence according to forest harvesting
to then use the land for agriculture.

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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The land use changes occurring in the area according to Vistin (2018) are as a
consequence of the indigenous communities changing their economy, carrying out
activities such as cattle ranching, cultivation of Solanum quitoense Lam and timber
exploitation through inadequate practices deteriorating the natural resources and the
environment of the interior and buffer zone of the SNP.

Most of the communities in the park's highlands are traditionally settled Quichua Indians
who have obtained their lands through the recognition of communal territories by the
extinct Ecuadorian Institute of Agrarian Reform and Colonization (Instituto Ecuatoriano
de Reforma Agraria y Colonizacidn). The time of settlement, the available land and the
pressures of the internal market are the reasons why their main form of work has been
the clearing of the forest, extending the agricultural frontier through the introduction of
crops and livestock.

Farmer communities are oriented towards basic subsistence production combined with
a few crops for commercialization in the domestic market. These communities have also
been displaced to lands unsuitable for agricultural and livestock uses, resulting in a
progressive depletion of the resource that substantially reduces yields and triggers
erosion processes, which goes against the park's conservationist goals. Grazing is an
activity that has intensified in the last decade, especially in the moorlands. Because of
the climatic conditions and especially because of the frequent frosts, agriculture is not
practiced at altitudes of 3,400 m. This is why all the families are dedicated to grazing.
For this reason, all the families are dedicated to livestock farming, mainly sheep (Gémez
et al., 1998).

Downer (1996) states that from 1991-1993 in the Culebrillas sector (including areas
inside the park) there were among 300 to 1,000 head of cattle, which cause several
problems, including soil erosion. The dynamics of change is also triggered and controlled
by demographic factors and the resulting productive activities; most of the population
living in the park's surrounding areas has agricultural activities as their main occupation:
33.9 % in Pondoa, 50 % of the men in Osogoche, 43.6 % in San Vicente and 54% in
Colonia Tarqui. Although women are considered to be dedicated to domestic chores,
there are references that women also contribute to and participate in agricultural work
and animal grazing (Goémez et al., 1998).

The conservation status of the forest resource presents fragments of natural habitat,
under strong pressure as a result of anthropogenic factors (MARENA, 2004).
Fragmentation of the native forest occurs due to the replacement of large areas by other
ecosystems, leaving patches (or islands) separated from the forest and from each other
Dzieszko (2014). In the area this is evident in the different sizes and shapes of the
fragments that reflect the different landscape coverage. The degree of intervention in
the area results in excessive fragmentation of the forest.

Human modifications are the most determinant in the fragmentation of ecosystems,
accelerating habitat loss and the reduction of biological diversity. The change from native
forest to grassland and agricultural areas in the area makes the landscape more
fragmented and the edge effect more abrupt (Ruiz, Savé and Herrera 2013).

The results corroborate estimates on the proportion of areas of certain coverage and
their changes, exposed in other research works within the micro-watershed of the Blanco
River, Cayambe, Ecuador, such as the work of Valencia (2014), who determined that 19
% of the forest has been converted to pasture, while in this study the result was 20.04

https://cfores.upr.edu.cu/index.php/cfores/article/view/715
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%. There was also coincidence with the results of Lozano, Delgado and Aguirre (2003),
who determined that the main causes of deforestation in Bosques Montanos, located in
the Podocarpus National Park have been caused by the growth of agricultural activities
at the expense of the existing vegetation cover.

This also coincides with the loss of vegetation cover in other spatiotemporal studies such
as those reported by Najera et al., (2010) in 1995 and 2005 in the state of Nayarit,
Mexico, by Hernandez et al., (2015) from 1995 and 2008 on the coast of Tabasco,
Mexico, by Fragoso (2017) from 2003 to 2014 in the municipality Acaxochitlan, in the
state of Hidalgo, Mexico, Sepulveda, Saavedra and Esse (2019) in a hydrographic sub-
basin, in the region of La Araucania, Chile, from 1994-2007, as well as in protected areas
such as those reported by Ruiz, Save and Herrera (2014) in the Protected Landscape
Miraflor Moropotente, Nicaragua from 1993-2011.

CONCLUSIONS

Land use and land cover in the Santiago micro-basin changed considerably from 1991
to 2016, forest, moorland, and water bodies exhibited a reduction in area due to
anthropogenic activity of 2.47 %, 0.76 %, 0.28 % respectively. The main driving force
of use and cover changes in the Santiago River micro-watershed are cattle ranching and
agriculture. The results of this work are useful for future land management plans and in
the planning of strategies for the conservation of natural resources in the Santiago River
micro-watershed belonging to Sangay National Park.
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