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Abstract
The dynamics of land use and cover at different spatial and temporal scales allows us to evaluate changes in landscapes, 
socioeconomic system and impacts on the natural environment. Land use and land cover changes and socioeconomic 
activities of the Northern Region of Rio Grande do Sul, Brazil were analyzed over a 20-year scale. Using images from 
the Landsat 5 sensor TM, land use and land cover maps were obtained for 1991, 2001 and 2011, in which agricultural 
uses, native vegetation and pasture presented a significant difference between the years. We identified two scenarios 
for the region: the northern portion presents a reduction in agricultural areas and an increase in pasture and native 
vegetation, while the southern portion presents a constancy of agricultural areas. The predominant agricultural 
uses and socioeconomic factors determined the major changes in landscape structure. The effects of these changes 
resulted in a reduction in the area of agricultural uses and expansion of native vegetation and pasture areas.

Keywords: replacement use, rural exodus, environmental legislation, agricultural uses, environmental 
management.
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1. INTRODUCTION AND OBJECTIVES

Land use and land cover is one of the key aspects of socioeconomic 
development(Liu, 2018), and in certain landscapes and/or regions 
it is directly associated with human-directed activities and related 
to political and socioeconomic functions (Melendez-Pastor et 
al., 2014; Parcerisas et al., 2012). These functions are considered 
a series of anthropogenic interventions that are determinant to 
landscape changes, with the intention of obtaining products 
and benefits by exploiting environmental resources (Peterson 
et al., 2014). In turn, these anthropic actions are related to the 
type of land use and cover, be it forest, agricultural, residential 
or industrial (Bossard et al., 2000).

Socioeconomic factors and geophysical aspects are the 
main driving forces behind abandonment of agricultural 
land, promoting changes in land use and land use patterns 
(Figueiredo & Pereira, 2011; Rudel, 2009), with the abandonment 
of agricultural activities reflecting especially in an increase in 

vegetation areas (Díaz et al., 2011). Intensified development 
of socioeconomic activities results in losses in the supply 
of ecosystem goods and services and limitations in natural 
resources (Lambin & Meyfroidt, 2010; Peterson et al., 2014).

The importance of understanding changes in landscape 
has stimulated interest in developing studies that can assess the 
impacts and consequences of changes in land use and land cover 
for mankind and the planet, as well as the increasing interaction 
between the man-landscape system (Gerlak, 2014; Turner, 
2009; Turner et al., 2007). In this way, land use and land use 
management policies play a key role in identifying, quantifying 
and monitoring changes in landscape dynamics, as well as in 
mitigating soil degradation (Gerlak, 2014; Zhang et al., 2014).

Changes in land use and land cover (mainly land substitution) 
have increased due to environmental and socioeconomic 
factors such as land degradation, environmental protection 
programs, rural exodus, as well as market incentives, industrial 
and economic development, and urbanization of regions (Díaz 
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et al., 2011; Hernández et al., 2015). Thus, studies related to 
the temporal dynamics of land use and cover at various spatial 
and temporal scales enable analyzing the evolution of the 
socioeconomic system over time, the relationship with changes 
in land use and land cover, and the impacts on the environment 
by different anthropogenic activities (Ottinger et al., 2013; Simon 
& Trentin, 2009; Su et al., 2014). In this context, these studies 
lead to assessments on the interference of land use and cover 
on the environment from different anthropic activities and the 
economic interrelationships in time and space.

Our purpose was to analyze changes in land use and 
land cover in the northern region of Rio Grande do Sul, 
Brazil, considering a 20-year spatial-temporal scale (1991 to 
2011), and the relationship between these changes and the 
development of socioeconomic activities. Our hypothesis is 
that changes in land use and land cover and their effects will 
be determined from changes in the predominant agricultural 
uses in the region. In addition, socioeconomic factors and 
public policies will have influenced changes in land use and 
land cover, generating changes in the landscape composition 
and configuration of the region.

2. MATERIALS AND METHODS

2.1. Study area

This study was carried out in the northern region of Rio 
Grande do Sul, located between the geographical coordinates 

27° 12’ 59” to 28° 00’ 47” S latitude and 51° 49’ 34” to 52° 48’ 12” W 
longitude. It has an area of 591,610.00 hectares and covers 31 
municipalities (Figure 1).

According to the 2010 Demographic Census from the 
Instituto Brasileiro de Geografia e Estatística (IBGE), the region 
has a population of 215,124 inhabitants (IBGE, 2010). It has 
a significant diversification of land use and cover in activities 
and appropriation forms and presents great influence in its 
structuring of socioeconomic factors integrated to its biophysical 
components. Its economic base is centered on highly-skilled 
agriculture, mainly with soybean, corn, and wheat cultivation, 
and raising livestock of poultry, pigs and cattle (Decian et al., 
2009). The region is part of the Atlantic Forest Biome and its 
vegetation is characterized by three types of native vegetation: 
Atlantic Forest with Araucaria, Semi-deciduous Atlantic 
Forest, and Pampa (lowlands) and floodplains, considered 
as components of the Atlantic Subtropical Forest, despite its 
floristic composition and original physiognomy (Oliveira-
Filho et al., 2015).

It presents altitudes that vary from 280 m to 900 m in 
relation to the sea level and a predominance of flat to wavy 
relief in the south of the region, and wavy to sloping relief 
in the north. The region’s climate is characterized as humid 
subtropical temperate (type Cfa and Cfb of Köppen-Geiger), 
with average annual temperature of 17  ±  1  °C, with four 
well-defined seasons and average annual precipitation that 
varies between 1,900 mm and 2,200 mm, with regular rainfall 
well distributed throughout the year (Alvares et al., 2013).

Figure 1. Location and geopolitical boundaries of the northern region of Rio Grande do Sul, Brazil.
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2.2. Orbital data collection and digital image 
processing

Three scenes of images from the Landsat 5 satellite 
(bands 1, 2, 3, 4, 5, and 7), corresponding to the TM 
sensor, orbit 222 and point 79 were used and acquired 
from the image catalog of the National Institute for Space 
Research (INPE, 2013), obtained in October of 1991, 2001, 
and 2011. The satellite images with spatial resolution of 
30 meters were georeferenced in the IDRISI Selva 17.0® 
software (Eastman, 2012) using the Universal Transversa 
de Mercator (UTM) projection, WGS 84 datum, and South 
22 spindle 41 points of control, collected in the field with 
a Global Positioning System (GPS). The RGB composition 
consisted of a combination of bands 3, 4 and 5 of the 
electromagnetic spectrum, TM sensor, and digital image 
processing was performed to improve color, brightness 
and contrast enhancement.

2.3. Sampling units and classification of land 
use and cover

Land use and land cover classes were determined and a 
database containing 180 sample patterns was developed to 
collect representative terrestrial sample patterns. For each 
sampling pattern, the use of the site, photographic record, 
and geographic location were established to compose the 
database. Sample units (soil samples and land cover) were 
collected in an ideal quantity for each image of the time 
series for the classification process (approximately 10% of 
the image area).

The supervised classification of the pixel-to-pixel satellite 
images followed the Maximum Likelihood (MAXLIKE) 
method, a technique proposed by Lee & Grunes (1992). Six 
land use and land cover classes were categorized: agriculture, 
urbanized area, water bodies, pasture, exposed soil, and native 
vegetation. Land uses, agriculture, and exposed soil were 
aggregated, and agricultural uses termed to assess changes 
in the region’s landscape. This aggregation (agriculture and 
soil exposed) is due to the acquisition dates of the images 
(spring in the Southern Hemisphere), the procedures for 
collecting the sample units, and even for presenting different 
photointerpretation parameters (texture, hue, color, and 
roughness), and these uses represent the same land use 
and land cover class.

The Kappa Coefficient (Cohen, 1960) obtained from 
applying the Errmat module of the IDRISI Selva 17.0® 
software (Eastman, 2012) was used to evaluate the accuracy 
of the classifications. The Kappa coefficients obtained for 
the three classifications of this study presented excellent 

accuracy, with Kappa coefficients of: 1991 – 0.94 (94%), 
2001 – 0.96 (96%), and 2011 – 0.90 (90%).

The classification of land use and land cover classes was 
adapted from the systematic classification proposed by the 
Land Use Technical Manual of the IBGE (IBGE, 2013). MapInfo 
Professional 9.5® software was developed with thematic land 
use and land cover maps.

2.4. Data analysis

Geographic units limited by the municipalities of the 
region in this study were considered as sample units. Thus, 
the area percentages of each land use and land cover in 
each location were used as variables. Therefore, Variance 
Analysis (One-way ANOVA) was used with Tukey posterior 
test to evaluate the difference between the area percentage 
of each land use and cover over the three studied periods.

Principal component analysis (PCA) was used to order 
the sample units according to the variation of the quantified 
variables in an attempt to synthesize the variability of the 
sample units into a smaller number of dimensions. The 
spatial classification of the municipalities was then proposed 
from this ordinance according to the geographical position 
in the region.

Next, a principal coordinate analysis (PCoA) was used 
from this classification, and a new ordering of the sample 
units was performed. The centroid and the respective distance 
between the point of the sample unit and the centroid of this 
group were subsequently defined for each group (northern 
portion and southern portion). The distances of the centroids 
were compared by ANOVA. The analyses were performed 
in the statistical R environment (R Core Team, 2015) using 
the “vegan” functions (Oksanen et al., 2010).

3. RESULTS

The spatial/temporal analysis of land use and land cover 
between 1991, 2001, and 2011 showed that trends in the 
landscape in the region during the last two decades are related 
to a decrease in area occupied by agricultural uses (agriculture 
and exposed soil), and by an increase in area occupied by 
land uses of native vegetation, pasture, and urbanized area. A 
predominance of agricultural uses in the region was verified 
during all the analyzed periods (Figure 2).

Among the land uses and cover quantified for the studied 
period, native vegetation and pasture presented a total increase 
in area of 8.47% and 12.24%, respectively, over this20 years 
(F(2.90) = 9.41 p < 0.001; F(2.90) = 17.31 p < 0.001) (Figure 3). On 
the other hand, agricultural uses (agriculture and exposed 
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Figure 2. Land use and cover between the years of: (a) 1991; (b) 2001; (c) 2011; and (d) temporal variation and occupied percentage for 
each land use and cover of the northern region of Rio Grande do Sul, Brazil.
UA: urbanized area; WB: water bodies; ES: exposed soil; A: agriculture; P: pasture; NV: native vegetation.

soil) reduced their occupation areas during the study period, 
totaling 22.13% (F(2.90)  =  20.36 p  <  0.001) (Figure 3). The 
urbanized areas did not show an increase in area during the 
studied period (F(2.90) = 0.55 p = 0.57) (Figure 3).

The total variation in land use and land cover in municipalities 
during the study period was 89.2% in the first two main components 

(Figure 4). Agricultural uses positively ordered municipalities in 
PC1 (76.1%), while native vegetation and pasture were negatively 
ordered in PC1. The area with native vegetation cover and pasture 
was responsible for the ordering in PC2 (13.1%). The ordering 
of the municipalities was observed by this analysis according 
to the agriculture and exposed soil percentage.
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Figure 3. Variation and percentage occupied by each class of land use and land cover: (a) native vegetation; (b) pasture; (c) agriculture 
and soil exposure; and (d) urbanized area, between 1991 and 2011 in the northern region of Rio Grande do Sul, Brazil.

Figure 4. Principal components analysis (PCA) with land use and land cover variables in the 31 municipalities of the northern region of 
Rio Grande do Sul between 1991, 2001, and 2011.

The total set of municipalities was classified in the southern 
portion (larger agricultural area) and northern portion (larger 
area of native vegetation and pasture). In this context, a greater 
variation was observed in the municipalities of the northern 
portion (centroid average = 17.3) in relation to the southern 
portion (centroid mean = 11.8) (F(1.91) = 12.49 p < 0.001) 

(Figure 5). These landscape dynamics in the northern portion 
were generated by the reduction in agricultural areas and the 
increase in pasture areas and native vegetation. On the other 
hand, the lower variability in the landscape in the southern 
portion occurred due to the constancy of agricultural areas 
during the studied period.
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4. DISCUSSION

The results of this study demonstrate that the region 
undergoes a transformation process in the composition 
and configuration of its landscape due to changes in land 
use and land cover. When anthropogenic land use and land 
cover changes are associated with economic activities and 
public policies on a regional scale, they have direct effects 
on the composition and structure of the landscape (Lu et al., 
2003; Turner, 1989).

The present study verified that the expansion of the 
native vegetation and pasture areas (northern portion of 
the region) during the study period are related to the rural 
exodus and the replacement of agricultural areas with less 
capacity for agriculture mechanization and in sloping 
relief. The substitution or abandonment of agricultural 
land is currently seen as the main factor in reducing forest 
deforestation and natural recovery (Grau et al., 2003; 
Parsons, 2014). In addition, agricultural land substitution 
processes generally occur as a result of the high costs for 
agricultural cultivation in these areas, resulting in recovery 
of the natural environment.

Changes in the regional landscape may be related to 
the introduction of new production and soil management 
techniques which have promoted agricultural mechanization 
associated with monoculture, no-tillage, crop rotation, 
intensified use of chemical inputs, as well as selection and 
breeding of seeds (Benetti, 2010; Casão et al., 2012). Other 
factors such as environmental legislation, implementation 

of agricultural and environmental programs, as well as the 
maintenance, increase and regional management of current 
and future areas of native vegetation may have contributed 
to these changes.

The increase in urbanized areas between 1991 and 2011 
results from the rural exodus and urban sprawl processes in 
the region. This result is mainly due to the urban expansion 
of the municipality of Erechim (commercial and industrial 
area in the region), which currently comprises a population 
of 103,437 inhabitants (46.4%) of the total region, 90% of 
which is urban. This scenario is corroborated by data from 
the IBGE Demographic Census of 1991, 2000, and 2010, and 
population estimates for 2019, which evidenced an increase 
in the urban population and a reduction in the region’s rural 
population (IBGE, 1991, 2000, 2010, 2019).

Rural exodus leads to an increase in urban population 
density, often triggering an urban expansion of the region’s 
municipalities, especially those which increase the urban 
perimeter when related to providing services and jobs in 
the tertiary sector. This characteristic proves the process of 
reducing the population of small municipalities, especially of 
its young rural population towards the urban centers (Erechim 
in particular) (Piran, 2015). According to Piran (2001, 2015), 
rural exodus in the region is the main socioeconomic factor 
that contributed to the process of changing the landscape 
over time.

The ongoing process of land substitution and the reduced 
rural population are common trends and have subsequent 
socioeconomic and environmental implications, such as 

Figure 5. Analysis of principal coordinates demonstrating the variability in the landscape in the 31 municipalities of the northern region 
of Rio Grande do Sul, between 1991, 2001, and 2011.
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increased natural vegetation areas, as well as reduced areas 
for agricultural use and exploitation of natural resources 
(Melendez-Pastor et al., 2014). The concentration and 
expansion of agriculture are currently related to fertile flat 
areas suitable for modern agriculture with high productivity, 
while areas with declining land and less agricultural ability 
tend to reduce land use and land cover, and are associated 
with a decrease in the rural population (Aide & Grau, 2004; 
Izquierdo & Grau, 2009).

The increase in area occupied by pastures is related to new 
economic activities, especially beef cattle and milk, as also 
verified in the livestock production of the region available 
in the Agricultural census of 2006 (IBGE, 2006). These 
activities are verified in municipalities where the technology 
associated to monoculture presents certain restrictions to 
apply its maximum productive potential, mainly due to the 
topography and the small size of the rural properties (family 
and small farms).

Throughout the analyzed period (1991 to 2011), 
forest recovery processes resulted in expansion of native 
vegetation areas. The study area was and remains subjected 
to environmental legislation related to the preservation, 
conservation and management of natural resources, such 
as the Forest Code (Law No. 4,771 of September 15, 1965) 
(Brasil, 1965), and the Law on Environmental Crimes (Law 
No. 9,605 of February 12, 1998) (Brasil, 1998). Currently, 
other legislation such as the Native Vegetation Protection 
Law (LPVN), denominated as the New Forest Code (Law 
No. 12,651 of May 25, 2012) (Brasil, 2012a) and the Rural 
Environmental Registry (CAR) (Decree No. 7,830 of October 
17, 2012) (Brasil, 2012b), linked to the National Information 
System on the Environment (Sinima), brought several rules 
of order and use of forest cover, indirectly influencing the 
spatial and temporal configuration of the natural component 
of the study area.

The dynamics of forest recovery are due to the substitution 
of agricultural areas with greater slope, resulting in the 
natural succession of the native vegetation. Increased forest 
areas are generally evident in soils with less capacity for 
agricultural production and areas with steeper gradients 
(Nainggolan et al., 2012). Thus, when an agricultural land 
use is abandoned, the process of ecological succession 
inevitably occurs in these areas, leading to spontaneous 
regeneration of native vegetation.

Increase and predominance of native vegetation areas in 
the municipalities located in the eastern and mainly northern 
portion of the region are related to the larger slopes and are 
usually characterized by small rural properties. The increase 
in slope in these areas favors the occurrence of larger forest 
fragments. More rugged regions tend to have more complex 

landscapes due to the relief, and less modified by man in 
relation to flat relief regions (Metzger, 2001).

The results show the percentages of agricultural uses 
(southern portion of the region) predominating in the region 
determined the major changes in land use and land cover. This 
feature proves the region is embedded in a predominantly 
agricultural matrix. As the world’s growing demand for 
food is the main agricultural expansion agent, this leads 
to negative impacts on natural remnants (Guida-Johnson 
& Zuleta, 2013). This scenario combined with intensifying 
modern agricultural practices in turn leads to conversion 
of a complex landscape matrix into a homogeneous system 
(Geri et al., 2010).

Changes in land use and land cover are combined results 
of larger scale changes driven by socioeconomic, political, 
institutional, demographic, and market forces (Lambin & 
Meyfroidt, 2010). Change patterns in land use and land cover 
over long periods of time also vary depending on economic, 
institutional and social factors (Munteanu et al., 2014).

In the present scenario, the native vegetation of the region 
is very devastated and fragmented, mainly in the south due to 
human occupation and implantation of modern agriculture, 
whereas in the north the rural exodus of small farmers, 
the sloping relief and restrictions on land use have led to a 
recovery process of vegetal cover (Piran, 2015). The natural 
landscape of the region suffers anthropic pressure due to the 
appropriation process of spaces for large-scale agriculture 
development. The scenario of higher agricultural production 
was verified for the municipalities inserted in areas with 
low slopes (west and mainly southern part of the region) 
with marked soy, corn, and wheat production. According 
to the World Bank (Deininger et al., 2011), Brazil is a major 
agricultural and livestock producer in the world, having the 
South of Brazil as an agricultural granary.

The forest fragmentation process that occurred prior to 
this study period and agricultural activity, a predominant 
component of the landscape of the region, were the determinants 
for the low occupation of native vegetation in the area. On 
the other hand, changes in land use and cover during this 
period, especially the expansion of native vegetation areas, 
help to form larger forest fragments and positively reflect 
on ecological sustainability. In the context of land use and 
land cover trends and socioeconomic globalization, the 
balance between agriculture development and environmental 
conservation is important (Grau et al., 2013).

5. CONCLUSIONS

The predominant agricultural uses and the development 
of socioeconomic activities such as replacing agricultural 
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areas and rural exodus, associated with environmental 
legislation in the region are the main factors responsible 
for generating changes in the structural composition of 
the landscape. Effects of changes in land use and land 
cover have directly resulted in reduced agricultural areas 
and expansion of native vegetation areas, contributing to 
maintain the natural capital and ecological sustainability 
of the region.

It should be noted that the region’s landscape is currently 
configured in two scenarios. The landscape located in the eastern 
and northern portions of the region has a predominance of 
native vegetation and pasture areas and is inserted in wavy 
to sloping relief. While the landscape located in the western 
and southern portions of the region shows a predominance 
of agricultural uses and a relation to areas with flat sloping 
gradients.

The database of this study will provide planners and 
decision makers with tools capable of assisting spatial 
planning, identifying suitable socioeconomic alternatives 
and environmental management of the region’s land. These 
results can also be used as subsidies in the elaboration and 
revision process of municipal environmental plans, as well 
as in the process of economic ecological zoning. In addition, 
expanding native vegetation areas reinforces the need for 
environmental planning and management actions, ensuring 
the maintenance of these areas, biodiversity conservation, 
and relevance of the region’s native vegetation.

Thus, the main challenge of research on land use and 
land cover changes is linked to the monitoring process 
and maintaining continuous data time series capable of 
generating uninterrupted series of analyses and assessments 
of trends in the region’s landscape and effects of these 
socioeconomic factors.
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