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[A GRANJA:
REVISTA DE
CIENCIAS DE LA VIDA

Dear reader,

It is an honor to present Volume 41 of
La Granja journal. This special issue, titled
“Connectivity Corridors: A Strategy for Te-
rritorial Conservation”, highlights the ef-
forts of researchers dedicated to unders-
tanding and promoting the importance of
ecological connectivity as a key tool for
conservation and land management.

Connectivity corridors are special areas
for biodiversity conservation, established
between the National System of Protected
Areas (SNAP), National Forest Heritage,
areas of hydrological importance, buffer
zones, and other conservation areas recog-
nized by international instruments ratified
by Ecuador, such as RAMSAR sites and
Key Biodiversity Areas (KBAs). Their ob-
jective is to mitigate the effects of lands-
cape fragmentation and the risks associa-
ted with the isolation of flora and fauna
populations by utilizing remnant habitats
that maintain genetic flows and ecologi-
cal processes. This ensures the connectivity
of wild populations, ecosystem resilience,
and the continuous provision of environ-
mental services in areas outside protected
zones, where varying levels of human pres-
sures occutr.

Ecuador has been a pioneer in esta-
blishing connectivity corridors as an inno-
vative conservation approach. The country

LA GRANTJA: Revista de Ciencias de la Vida 41(1) 2025: 7-10

©2025, Universidad Politécnica Salesiana, Ecuador.

Editorial

ABYA UNIVERSIDAD

POLITECNICA

YALA [SALESIANA

has implemented Ministerial Agreement
0019, which facilitates the design, recog-
nition, and management of connectivity
corridors. To date, the Ministry of Envi-
ronment, Water, and Ecological Transition
(MAATE) has officially recognized three
connectivity corridors.

This recognition grants them significan-
ce in local territorial planning, as current
regulations mandate their inclusion in de-
velopment and land-use plans. Additio-
nally, MAATE is leading a participatory
process to define the best management
tools for these corridors, acknowledging
that planning instruments must be com-
prehensive, accessible, and easily applica-
ble.

Their relevance lies in being comple-
mentary alternatives to traditional con-
servation schemes, whose long-term ef-
ficiency is often compromised by geo-
graphical isolation and human disturban-
ces. Furthermore, the recognition of new
protected areas is an increasingly evident
technical and political challenge.

Therefore, the recognition of connecti-
vity corridors, along with the establish-
ment and strengthening of their priority
conservation areas, collaboration with lo-
cal communities and stakeholders in im-



plementing sustainable land management
practices, and participatory governance,
enhances the effective connectivity area
and promotes the coordination of local and
regional actors.

This special issue includes studies that
provide key evidence for understanding
and strengthening connectivity corridors
in Ecuador.

The first study, “Analysis and Predic-
tion of Land Use and Cover Change in
the Llanganates-Sangay Connectivity Co-
rridor by 2030”7, employs advanced spatial
modeling tools, such as MOLUSCE and
artificial neural networks, to project futu-
re scenarios of land-use transformation in
the Llanganates-Sangay Connectivity Co-
rridor (CELS). While the results indica-
te lower deforestation rates in protected
areas within the CELS, threats persist in
non-protected zones. The recognition of
the CELS presents an opportunity to con-
solidate conservation strategies in priority
areas for connectivity and strengthen zo-
nes with official conservation schemes.

The second study, “Multivariate Analy-
sis of Ecuadorian Provinces and Protected
Areas Based on the Presence of Poison Dart
Frogs (Dendrobatidae) and Considerations
for Their Conservation”, analyzes the dis-
tribution of 48 species of poison dart frogs,
32 of which are endemic to Ecuador. The-
se species, considered key bioindicators,
reflect the health status of ecosystems. Th-
rough classification and ordination analy-
ses, the study identifies priority regions for
the conservation of these amphibians and
underscores the importance of ecological
corridors in facilitating connectivity bet-
ween fragmented populations.

In the journal’s miscellaneous section,
aligned with conservation themes, Diego
Mina and his research team from the Pon-

tificia Universidad Catélica del Ecuador,
the International Potato Center of Ecuador,
and the Center for Functional and Evolu-
tionary Ecology (UMR CEFE) in Montpe-
llier, France, present a study on pesticide
use and its impact on entomofauna in An-
dean farms in Ecuador. The study high-
lights the importance of improving agri-
cultural practices and the rational use of
pesticides, not only to enhance crop yields
but also to preserve pollinator species vital
for the agricultural sector’s development.

Similarly, Edison Campos Collaguazo
and Luis Alberto Jiménez from the Natio-
nal Agrarian University La Molina in Pe-
ru conduct a study on “Valuation of Hy-
drological Ecosystem Services in a Paramo
Microbasin in Ecuador”, using the contin-
gent valuation method to determine the
community’s willingness to pay for this
ecosystem service, thereby promoting its
conservation.

From the earth sciences, Javier Chininin-
Cabrera and Rolando Célleri, researchers
from the University of Cuenca in Ecuador,
conduct a study to determine rainfall cha-
racteristics and extreme events in the Tropi-
cal Andes using a vertically pointing radar.
This region is characterized by its comple-
xity and limited data availability, posing
significant challenges for atmospheric mo-
dels in simulating rainfall. This research
contributes to understanding the vertical
structure, diurnal cycle, and convective or
non-convective origins of precipitation, po-
tentially improving the prediction of extre-
me rainfall events.

From Pakistan, researchers Mehmood
Ali Khan, Mustafa Atif, and Igbal Agsa
from the University of Engineering and
Technology in Karachi present an urban
photobioreactor for CO, sequestration and
microalgal biomass production, which has
applications in biofuel production and
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other value-added products, making it an
interesting contribution to climate change
mitigation through greenhouse gas seques-
tration.

In the field of biotechnology, Diana Por-
tela Dussan and her research team from the
Universidad Antonio Narifio and the Uni-
versidad Colegio Mayor de Cundinamarca
in Colombia present their research on the
identification of an antimicrobial peptide
from Roman chamomile. Using in silico and
experimental approaches, they found that
its apoplastic fluid inhibits the develop-
ment of R. solani, representing a previously
uncharacterized activity.

Finally, in agricultural sciences, Fernan-
do Arauco Villar and a broad team of re-
searchers from the National University of
Central Peru, the Technological University
of Peru, and the Peruvian Union University
evaluate the physicochemical, microbial,
and hygienic quality of cow’s milk in the
Peruvian Andes. Additionally, David Cata-
gua, Julio Dustet Mendosa, and Elaine Va-
lifo Cabrera, in a collaborative study bet-
ween the Escuela Superior Politécnica del
Litoral in Ecuador and the Technological

Sincerely,

MSc. Andrea Mancheno Herrera

World Wildlife Fund (WWF), Ecuador

GUEST EDITOR

PhD. Gorki Rios Alvear
University of Porto, Portugal
Universidad IKIAM, Ecuador
GUEST EDITOR

PhD. Rafael Antelo

University of Havana “José Antonio Eche-
verria” in Cuba, present their research on
improving the nutritional value of chocho
foliage flour through solid-state fermenta-
tion with lignocellulolytic fungal strains,
tinding significant improvements in the le-
gume’s nutritional value.

We are confident that this volume re-
presents an unprecedented effort in com-
piling and disseminating scientific results
that are relevant to strengthening ecologi-
cal connectivity and advancing life and en-
vironmental sciences. It is clear that science
must play a fundamental role in local and
regional planning, providing solid foun-
dations for the implementation and moni-
toring of conservation strategies with the
involvement of local stakeholders and ci-
vil society. Specifically, this special issue
demonstrates the imperative to continue
generating research in these areas and to
strengthen collaboration among the acade-
mic community, conservation institutions,
protected area managers, private landow-
ners, and decision-makers at local and na-
tional levels to promote informed land ma-
nagement decisions based on technical and
scientific evidence.

Wildlife Connect Leader and PACHA Coordinator (WWF), Bolivia

GUEST EDITOR
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Abstract

This paper analyses Land Use and Land Cover (LULC) change trends in the Llanganates-Sangay Connectivity Corri-
dor (CELS) from 2018 to 2022 and predicts trends through 2030. MapBiomas LULC maps reveals annual change rates
(2018-2022) of -0.37 %/ year (-1147.33 ha) for Forest Formation, -1.17 %/ year (-30.01 ha) for Non-Forest Natural Forma-
tion, 2.21%/year (906.19 ha) for Agriculture and Livestock Areas, 8.50%/year (250.84 ha) for Non-Vegetated Areas,
and 0.17%/year (30.31 ha) for Water Bodies. The higher annual change rate inside Forest Formation is -0.58 %/year
(-990.35 ha) occurring in areas not designated under any conservation status. Projections for 2030 were made using
the MOLUSCE tool, combining an Artificial Neural Network (ANN) model with Cellular Automata simulations. The
ANN model was trained on five explanatory variables and LULC maps from 2018 and 2020, achieving a training
error of 8.46%. Predictive accuracy was assessed by comparing the simulated 2022 LULC map with the 2022 Map-
Biomas map, resulting in a Kappa coefficient of 0.95, indicating excellent predictive accuracy. Additionally, LULC
simulations from 2022 to 2030 predict annual rates of change of —0.27%/year (-1628.97 ha) for Forest Formation, -
1.39%/year (-63.49 ha) for Non-Forest Natural Formation, 1.92%/year (1778.26 ha) for Agriculture and Livestock
Areas, 0.97%/year (30.38 ha) for Non-Vegetated Areas, and 0.63 %/year (-146.18 ha) for Water Bodies. The findings
show that annual rates of deforestation will remain low and protected areas will have less deforestation than non-
protected areas.
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Resumen

Este estudio analiza las tendencias de cambio de uso y cobertura del suelo (LULC) en el Corredor de Conectividad
Llanganates-Sangay (CELS) durante el periodo 2018-2022 y predice tendencias hasta 2030. Los mapas de LULC de
MapBiomas revelan tasas anuales de cambio (2018-2022) de -0,37%/ano (-1147.33 ha) para Formacién de Bosque,
-1,17%/afio (-30,01 ha) para Formaciones Naturales No Boscosas, 2,21%/afio (906.19 ha) para Areas de Agricultura
y Ganaderfa, 8,50%/afo (250,84 ha) para Areas sin Vegetacién y 0,17 %/afo (30,31 ha) para Cuerpos de Agua. La
mayor tasa de cambio anual dentro de Formacién de Bosque, -0,58 %/afio (-990,35 ha), ocurre en dreas no protegi-
das. Las proyecciones para 2030 se realizaron utilizando la herramienta MOLUSCE, que combina una Red Neuronal
Artificial (ANN) con simulaciones de Autématas Celulares. La ANN fue entrenada con cinco variables explicatorias
y mapas de LULC de 2018 y 2020, logrando un error de entrenamiento de 8,46 %. La precision predictiva se evalué
comparando el mapa simulado de LULC para 2022 con el mapa de MapBiomas 2022, obteniendo un coeficiente Kap-
pa de 0,95, lo que indica una excelente precisién. Ademas, las simulaciones de LULC para 2022-2030 predicen tasas
anuales de cambio de -0,27 %/afio (-1628,97 ha) para Formacién de Bosque, -1,39 %/afio (-63,49 ha) para Formaciones
Naturales No Boscosas, 1,92 %/afio (1778,26 ha) para Areas de Agricultura y Ganaderia, 0,97 %/afio (30,38 ha) para
Areas No Vegetadas y 0,63 %/afio (-146,18 ha) para Cuerpos de Agua. Los resultados sugieren que las tasas anuales
de deforestacion se mantendran bajas y que las dreas protegidas tendran menos deforestacién que las areas que no
estan protegidas.

Palabras clave: Deforestacion, CELS, MOLUSCE, cambios de cobertura y uso de suelo.
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Connectivity Corridor by 2030

1 Introduction

Ecuador is known worldwide as one of the 13 most
biodiverse countries in the world, but it faces a gro-
wing threat, as between 1990 and 2000 the country
lost 15% of its native forest area, leading to one of
the highest deforestation rates in Latin America (Ri-
vas et al., 2024). This dynamic mainly affects the
Amazon, considered one of the most biodiverse re-
gions on the planet (Mainville et al., 2006). Forest
losses compromise the country’s capacity to keep
global warming below 1.5°C, since this region sto-
res between 367 and 733 Gt of CO; in its vegetation
and soils (Vergara et al., 2022).

Deforestation and land use change have caused
an accelerated fragmentation of natural vegetation
areas in the Andes and the Ecuadorian Amazon.
Between 1990 and 2018, with the main affected
areas being the buffer zones of protected areas,
25.5% were lost in their surroundings (Kleemann
et al.,, 2022). These dynamics compromise the ef-
fectiveness of conservation strategies, even in areas
with high levels of protection. Fragmentation af-
fects the provision of essential ecosystem services,
such as water regulation, carbon storage and biodi-
versity conservation.

In this context, it is crucial to implement com-
prehensive measures that include forest conserva-
tion and sustainable management of buffer zones
(Vergara et al., 2022). Nowadays, tools based on
remote sensing and artificial intelligence allow pro-
gress in the analysis and prediction of LULC chan-
ges, both spatially and temporally. Classification
techniques such as Random Forest (RF) and Sup-
port Vector Machines (SVM) have demonstrated
high accuracy in the generation of land use and
land cover mapping, facilitating the observation
and analysis of deforestation processes and LULC
transformation (Admas, 2024; Elagouz et al., 2020;
Lukas et al., 2023; Tikuye et al., 2023).

In this study, we also used the QGIS add-on
MOLUSCE (Modules for Land Use Change Eva-
luation), which combines spatial and temporal data
with advanced modeling techniques, such as cellu-
lar automata (CA) and artificial neural networks
(ANN). This tool allows simulating and predicting
changes in land use and land cover. MOLUSCE has
demonstrated its effectiveness in various contexts

LA GRANIJA: Revista de Ciencias de la Vida 41(1) 2025:11-31.

©2025, Universidad Politécnica Salesiana, Ecuador.

(Muhammad et al., 2022; Talukdar et al., 2020). The
Llanganates-Sangay Connectivity Corridor (CELS)
is a critical ecological link, connecting Llanganates
National Park in the north, Sangay National Park
in the south and several conservation areas recog-
nized under diverse schemes within its boundaries.
The CELS encompasses a significant ecotone, brid-
ging the Andean highlands and the Amazon basin,
and playing a pivotal role in preserving the region’s
unique ecosystems (Rios-Alvear et al., 2024).

Relevant scientific research has been developed
for more than 150 years in this area, with important
results, such as the identification of 178 species of
orchids and nearly 200 species of endemic plants,
surpassing even the Galapagos Islands in botani-
cal diversity (Jost, 2004). It is also home to nearly
700 species of birds and 285 species of reptiles and
amphibians, surpassing the records of Yasuni Na-
tional Park (INABIO et al., 2023). However, human
activities have reshaped this area. For instance, late
colonization processes in cities like Bafios and Puyo,
driving human settlement and economic activities
such as tourism and agriculture, have significantly
influenced land use changes in the region, leading
to the conversion of natural areas into agricultural
and urban spaces (Herrera and Rodriguez, 2016).
Deforestation and LULC change have increased
landscape fragmentation and significantly reduced
ecosystem connectivity, putting the survival of spe-
cies and the provision of ecosystem services at risk
(Reyes-Puig et al., 2023).

This study aims to determine land use and land
cover changes in the Llanganates-Sangay Connec-
tivity Corridor (CELS) from 2018 to 2022 and pro-
ject trends up to 2030 using the MOLUSCE tool. It
focuses on quantifying forest cover loss during the
analysis period and forecasting future scenarios of
change in LULC, based on changes recorded bet-
ween 2018 and 2022.

2 Materials and Methods

2.1 Study area

The Llanganates-Sangay Connectivity Corridor
(CELS) spans the provinces of Tungurahua, Pas-
taza, and Morona Santiago (Figure 1) and encom-
passes 92,148 hectares (Viteri-Basso et al., 2024).
The corridor serves as an ecological link, connec-

13
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ting Llanganates National Park in the north with
Sangay National Park in the south. It forms a key
transition zone between the eastern Andes and the
western Amazon. This area was designated as a
“Gift to the Earth” by WWF in 2002, recognizing its
global importance for biodiversity. The CELS was
officially recognized as a Connectivity Corridor in
2023 by Ecuador’s Ministry of Environment and
Natural Resources (Rios-Alvear et al., 2024).

The CELS ranges in altitude from 760 and 3812
meters above sea level and has a rainy tropical cli-

mate (Viteri-Basso et al., 2024), with annual preci-
pitation between 2500 and 5500 mm and tempe-
ratures ranging between 9 and 22°C. These clima-
tic and altitudinal variations favor the formation of
habitats that foster exceptional biodiversity (Gaglio
et al., 2017; Rios-Alvear et al., 2024). This area plays
an important role in providing water resources for
the Pastaza and Napo River basins that are vital for
local communities, agricultural and tourism activi-
ties, and hydroelectric energy generation (Gaglio
et al., 2017).
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Figure 1. Location map of the CELS.

The primary economic activities in this area in-
clude agriculture, cattle ranching, tourism, fish far-
ming, and timber production. While these activities
are critical to the local economy, they have signifi-
cantly impacted ecosystems, leading to deforesta-
tion and habitat fragmentation (Delgado Fernandez
etal., 2023).
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Over the past two decades, various conser-
vation initiatives have been implemented in this
area, led by local, national, and international or-
ganizations such as EcoMinga Foundation, local
governments, the Ministry of Environment, Wa-
ter and Ecological Transition of Ecuador (MAA-
TE), WWE, among others. Ecotourism initiati-
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ves within CELS can be found in the geoportal
https://geocels-upsq.hub.arcgis.com/

Conservation strategies have included, for ins-
tance, the establishment of officially recognized pro-
tected areas, the management of privately conser-
ved areas not officially recognized but designated
for ecosystem conservation, and collaboration with
local communities to promote sustainable land ma-
nagement practices. The latter includes supporting
the adoption of agroecological practices to prevent
soil degradation, maintain fertility, and curb agri-
cultural frontier expansion (Aneloa et al., 2024). Ad-
ditionally, nature-based tourism has been boosted
as a sustainable development strategy to enhance
local livelihoods while preserving natural ecosys-
tems.

Despite these efforts, there remains the need to
further integrate local communities into sustainable
management strategies that effectively balance so-
cioeconomic development with environmental con-
servation (Alvarado, 2020; Aneloa et al., 2024).

2.2 Data collection

Satellite imagery is essential for monitoring rainfall,
deforestation, land use changes, and environmen-
tal impacts (Perea-Ardila et al., 2021). However, the
high cloud cover in the Ecuadorian Amazon, lo-
cated within the intertropical convergence zone, li-
mits spatial data availability (Heredia-R et al., 2021).
To address this, MapBiomas Collection 1.0 (MapBio-
mas, 2024) was chosen for its extensive temporal
coverage (1985-2022) and ability to avoid a cloud
cover category, which occupies nearly 10% of the

CELS in other datasets. This improves differentia-
tion between land use and land cover classes.

The MapBiomas 1.0 Collection provides annual
land use and land cover (LULC) maps for Ecuador
at a 30-meter resolution. These maps are genera-
ted through supervised classification using the Ran-
dom Forest algorithm applied at the pixel level, ba-
sed on satellite image mosaics from the Landsat se-
ries4,5,7,8,and 9. It uses a standardized legend tai-
lored to Ecuador’s specific land cover, dividing land
into five main categories: Forest Formation, Non-
Forest Natural Formation, Agriculture and Lives-
tock Areas, Non-Vegetated Areas, and Water Bodies
(Table 1). Natural forests fall under Forest Forma-
tion, while forest plantations, including silviculture,
are classified as Agriculture and Livestock Areas.
For detailed LULC category definitions, see Borja
et al. (2023).

2.3 LULC change analysis and prediction
by 2030

To achieve the objectives of this study, LULC maps
from 2018 to 2022 were obtained from the MapBio-
mas platform and relevant explanatory variables re-
lated to LULC changes were generated using offi-
cial data sources. The LULC maps from 2018 to 2022
were used to perform the LULC change analysis.
Additionally, the LULC maps from 2018, 2020, and
2022, along with explanatory variables maps, we-
re used to develop and validate a model designed
to predict LULC changes through simulations up
to 2030. The LULC change analysis, modeling, va-
lidation, and simulations were performed using the
MOLUSCE tool (Figure 2).

Table 1. Classification of categories by land uses and land covers.

Categories

Land Use/ Land Cover

_ Forest, open forest, mangrove and floodable forest.

Non-forest natural
formation

Non-Forest wetland, grassland, rocky outcrop,

other non-forest formations

3 Agriculture and Livestock Areas

Silviculture, Mosaic of cropland and pasture

Mining, urban areas, other non-vegetated areas

Rivers, lakes, glaciers, aquaculture
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2.3.1 LULC changes analysis

To describe LULC changes from 2018 to 2022, Map-
Biomas LULC maps were analyzed at one-year in-
tervals. This analysis enabled the identification of
historical LULC changes, detecting trends, and cal-
culating LULC’s annual rate of change. MOLUSCE
tool was used to compute the transition matrix from
2018 to 2022, and the annual rate of change was cal-
culated using Equation 1 (Puyravaud, 2003), origi-
nally proposed for deforestation studies but appli-
cable to any LULC change due to its general formu-
lation (Kouassi et al., 2021). Where g is the annual
rate of change (1/year or%/year), A; is the LULC
area at year 7; and A, is the LULC area at year 1,,
with , > 1.

1

A h—1n
=== -1
1 (A1>

(1

2.3.2 MOLUSCE

The MOLUSCE tool was used to analyze and simu-
late LULC changes up to 2030. This QGIS plugin
allows for calculating transition matrices and incor-
porates widely accepted algorithms for modeling
and simulations, such as Artificial Neural Networks
(ANN), Cellular Automata (CA), and the Kappa
coefficient for validating the accuracy; this index
ranges from 0O to 1, which is interpreted as poor and
almost perfect, respectively (Gaur and Singh, 2023;
Jain, 2024; Mollocana Lara and Paredes Obando,
2024). These algorithms have been widely applied
in LULC modeling studies, such as those conducted
by Souza et al. (2020); Xu et al. (2024).

ANN learns spatial patterns and relationships
between historical data and explanatory variables,
modeling the transition potential and CA simulates
dynamic spatial processes by applying transition
rules based on neighborhood conditions (Alipbeki
et al., 2024; Tenorio et al., 2022).

LULC changes
analysis 2018 to 2022

=

maps

LULC 2018 map

LULC 2019 map

LULC 2020 map

LULC 2022 map

Explanatory Variables

LULC changes map
2012 to 2020
AMN model training
CA simulation of
I LULC 2022 map

Validation with Kappa
coefficient

CA simulations of
LULC maps until
2030

Figure 2. Methodology diagram for LULC analysis and prediction.
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Analysis and prediction of land use/land cover change in the Llanganates-Sangay

Connectivity Corridor by 2030

To predict LULC maps using the MOLUSCE
tool, it is necessary to collect cartographic infor-
mation representing explanatory variables related
to LULC changes. This allows the Artificial Neu-
ral Network (ANN) algorithm within MOLUSCE
to consider these variables during training, replica-

ting learned behaviors and identifying spatial pat-
terns (Al Mazroa et al., 2024). Five explanatory va-
riables in raster format related to LULC changes
were generated and integrated into the MOLUSCE
tool. These variables are shown in Table 2.

Table 2. Definitions of explanatory variables for ANN training.

Variable Definition
Proximity Raster representing the Euclidean distance in meters from each
to roads pixel to the nearest road
Proximity Raster representing the Euclidean distance in meters from each
to settlements pixel to urban centers
Protection Raster representing the protection level of natural areas against natural
level of cover removal on a scale from O to 5, where 0 indicates non-protected
natural areas areas and 5 represents the highest level of protection
Altitude Raster showing the height above sea level (m.a.s.1) for each pixel
Slope Raster indicating the steepness or incline of the land for each pixel in degrees

Previous studies have identified proximity to
roads and urban centers as key drivers of LULC
change, as areas closer to these features tend to ex-
perience higher rates of natural cover loss due to
increased accessibility and human activity (Gaur
and Singh, 2023). Vegetation closer to roads and po-
pulated areas is more susceptible to removal due
to the expansion of the agricultural frontier and
the creation of pastures for livestock (Fischer et al.,
2021).

Topographic features such as elevation and slo-
pe play an important role in determining the suita-
bility of land for agriculture and development, as
human activities are restricted or face difficulties in
high-altitude or steep-slope areas (Xu et al., 2024).
A significant portion of CELS is under some form
of legal conservation, which acts as a major barrier
against the advance of anthropogenic activities.

These explanatory variables are commonly used
in LULC modeling because they can be obtained
from accessible cartographic sources. In contrast,
socioeconomic, law enforcement, or policy factors
are less used due to data scarcity, complexity of
spatial representation, and temporal mismatches.
Despite these limitations, several studies have de-
monstrated good modeling results using only to-
pographic and infrastructure variables, as seen in
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Barbosa de Souza et al. (2023); Alipbeki et al. (2024);
Hasan et al. (2020).

While many studies have explored how protec-
ted areas help prevent deforestation, fewer studies
have integrated protection levels as a variable in
land use change models (Kim and Anand, 2021).
Given that the CELS includes various types of pro-
tection and conservation areas, the protection level
was integrated into the analysis to assess its influen-
ce on LULC dynamics. This level was determined
through surveys conducted with three experts who
were asked to evaluate, on a scale from 1 to 5, the ef-
fectiveness of different protection categories within
the CELS in preventing deforestation. In this scale, 1
represents a low level of protection, while 5 indica-
tes a high level of protection against deforestation.

For modelling and prediction purposes, a
transition matrix from 2018 to 2020 (two-year inter-
val) was calculated using the MOLUSCE tool. This
matrix was used by MOLUSCE to create a change
map, which, together with the explanatory variable
rasters, served as inputs for the training of the ANN
model that iteratively assesses its prediction accu-
racy and adjusts its structure to minimize errors.
On the other hand, CA generates simulations based
on the trained ANN model (Mustafa et al., 2021).
In this study, each iteration of the CA algorithm
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produces a predicted LULC map two years in ad-
vance. The first iteration generated a LULC map
for 2022, which was compared to the actual 2022
LULC map from MapBiomas to validate the mo-
del. Subsequently, four additional iterations were
performed to produce a predicted LULC map for
2030. A transition matrix from the predicted LULC
map for 2022 to that of 2030 was then calculated to
analyze LULC changes and estimate annual rates of
change using Equation 1.

After training the ANN model and generating
a predicted LULC map for 2022 using the CA al-
gorithm, it is essential to verify that the predic-
tions made with the Cellular Automata algorithm
and the ANN model are reliable enough to support
decision-making (Bao Pham et al., 2024). To ensu-
re this, the model was validated by comparing the
predicted LULC map for 2022 generated by the al-
gorithm with the actual LULC map from MapBio-
mas for the same year. The comparison was per-
formed using Cohen’s Kappa coefficient, a widely
used metric for spatial data comparison (Molloca-
na Lara et al., 2021). MOLUSCE allows for multi-
ple iterations of Kappa coefficient calculations, re-
ducing errors caused by random sampling. The in-
terpretation of the Kappa coefficient follows the cri-
teria established in Santos et al. (2020).

3 Results and Discussion

3.1 LULC Changes Analysis from 2018 to
2022

The dynamics of land use and land cover change
in the Llanganates-Sangay Connectivity Corridor
(CELS) between 2018 and 2022 (Figure 3), shows the
gradual decrease of Forest Formation areas stands
out, especially in the CELS buffer zones. This sug-
gests a process of deforestation, probably associa-
ted with human activities such as agricultural and
livestock expansion, since this type of use shows a
notable increase in the same area, indicating that the
areas peripheral to the CELS have greater anthropic
pressure. This change implies a significant trans-
formation of forest ecosystems into more intensive
uses.

The gradual loss of Forest Formation suggests
an increase in landscape fragmentation, which af-
fects ecological connectivity between montane and
Amazonian ecosystems (Jokisch and Lair, 2002).
Water Bodies and Non-Vegetated Areas remain re-
latively constant, with no perceptible changes in
their extension, while Non-Forest Natural Forma-
tions show minor variations, which may be related
to degradation or regeneration processes.

Figure 3. MapBiomas LULC maps from 2018 to 2022 (MapBiomas, 2024).
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