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ABSTRACT: 

 

Pastures are complex land covers with a variety of land use systems. This land cover occupies large areas in the globe and is mainly 

used for livestock production. Brazil is one of the largest livestock producers and has extensive pasture areas. We analyzed the 

pasture land cover change of the São Paulo State between the years 2000 to 2015. São Paulo was chosen as study case due to its 

large industrial and agricultural importance and its expressive land cover changes over past decades. It was analyzed land covers 

databases generated by the Brazilian Annual Land Use and Land Cover Mapping Project (MapBiomas Project) – Collection 4. 

Transition matrix was generated to analyze the land cover change during the period. Gain, loss, total change, net change and swap 

were calculated in terms of area. Total pasture area decreased but continues the largest land cover of the São Paulo State; with 79.5% 

of persistence in the area. Main changes were from losses of pastures and gains in agriculture. Most of the changes to pasture came 

from other non vegetated areas and grassland categories. These results demonstrated the relevance of pastures areas in land cover 

change dynamics to address land use policy and plan future land use scenarios. 
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1. INTRODUCTION 

Land use and land cover change (LUCC) is an important issue 

in the context of environmental change and sustainability at 

global, regional and local scales (Feddema, 2005; Hu et al., 

2019; Zomer et al., 2016). LUCC significantly impacts keys 

aspects of Earth’s functions, such as climate warming (Gogoi et 

al., 2019), climate change (Lambin et al., 2001), biodiversity 

(Lambin et al., 2003), soil degradation (Yang et al., 2003) and 

ecosystems services (Swetnam et al., 2011). Consequently, 

these changes impact the resilience of places and humans to 

social-political, economic and environmental events. 

 

Quantitative analysis of LUCC is an important way to 

understand land cover and land use trends and help 

policymakers to better address uses and sustainable actions for 

actual and future scenarios (Garrett et al., 2018). However, it 

demands appropriate and concise land cover and land use 

databases over different spatio-temporal scales. Despite land 

cover datasets have been improved due to earth observing 

products, land uses still need elucidation (IPCC, 2000; Lambin 

et al., 2001), mainly due to the difficult to enumerate the wide 

range of possible uses precisely at high spatial and temporal 

resolutions. In absent of these data, land cover change analysis 

could help to address direction and patterns of land use 

information. 

 

Pasture is an example of a complex land cover type with a 

variety of land use systems. Pasture land extensively used for 

livestock production covers around 3 billion hectares (FAO, 

2019; Ramankutty et al., 2008), which have been recognized for 

their potential for intensification — for example with the 

conversion to mixed crop-pasture systems — and associated 

possibilities for land sparing and land use diversification, 

greenhouse gas emission mitigation (Cardoso et al., 2016; de 

Oliveira Silva et al., 2018), bioenergy expansion (Jaiswal et al., 

2019, 2017), and more sustainable agricultural production (de 

Oliveira Silva et al., 2016).  

 

In the year 2016, Brazil's livestock production was ~43 million 

tonnes, equating to 5% of total global production (FAO, 2018). 

This makes Brazil the world’s fourth-largest livestock producer, 

and an important country in scenarios considering current and 

future global feed supply. Since most Brazilian livestock 

production is spread over pasture land areas, pasture land cover 

change analysis is critical and globally important to address 

intensification potential and land use policy scenarios. Despite 

its importance, spatio-temporal trends remain poorly 

understood. 

 

Based on this, we analyzed the pasture land cover change for 

the period from 2000 to 2015. We chose the São Paulo State of 

Brazil as a study case – the most populous, richest and 

important industrial and agricultural producer – which 

experienced expressive changes in the territory and conflict of 

use over past decades. Then, we aimed to identify the land 

cover change process and to evaluate the pasture land change 

patterns. 
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2. MATERIAL AND METHODS 

2.1 Study Area 

The study case was the São Paulo State of Brazil (Figure 1). 

São Paulo is located in the Southwest Region of Brazil, with 

248,219.481 km² (IBGE, 2011) and comprehends parts of the 

Atlantic Forest and Cerrado biomes. 

 

 

Figure 1. Location of São Paulo State of Brazil in the context of 

South America 

 

The altitude tropical climate is predominant in the Central 

Region of the State, characterized by rainy summers and dry 

winters with average temperatures above 22ºC in the hottest 

month. In the Northwest, the climate is tropical rainy, 

characterized by significantly warmer temperatures and very dry 

winter. In the Southern, there are ranges of tropical climate, 

with high temperatures in the summer and no dry winter season. 

The coast has a tropical rainy climate without a dry season and 

average rainfall of the driest month exceeding 60 mm 

(http://www.bibliotecavirtual.sp.gov.br/temas/sao-paulo/sao-

paulo-clima.php). 

 

São Paulo has the most developed economy in Brazil, spread 

over diversified sectors. The total population is estimated to 

45.919.049 people (IBGE, 2019), being the most populous state 

of Brazil. São Paulo is one of the biggest beef exporter of Brazil 

and, consequently, an important region to analyze pasture land 

cover trends. 

 

2.2 Land cover data 

The land covers databases were obtained from the Brazilian 

Annual Land Use and Land Cover Mapping Project 

(MapBiomas Project) – Collection 4. MapBiomas project is a 

collaborative network that involves several experts for 

automated classification of Brazil’s annual land use and land 

cover time series. All these annual land cover/use maps are 

produced by pixel-per-pixel classification of Landsat satellite 

images, with a spatial resolution of 30 m. 

 

We analyzed the land cover databases of years 2000 and 2015 

(15-years interval). Land cover maps for these years are shown 

in Figure 2. 

 

 

Figure 2.  Land cover of the São Paulo State in years 2000 (a) 

and 2015 (b) according to the classification scheme of 

MapBiomas Project - Collection 4 

 

Description of the land cover categories that occurred in São 

Paulo State in these years, their respective ID’s and legend 

colors are described in Table 1. Detailed information about 

classification methodology and datasets can be found in 

https://mapbiomas.org/en.  

 

ID Category 

Forest 

3 Forest Formation 

4 Savannah Formation 

5 Mangrove 

9 Forest Plantation 

Non Forest Natural Formation 

12 Grassland 

13 Other non forest natural formation 

32 Salt flat 

29 Rocky outcrop 

Farming 

15 Pasture 

19 Annual and Perennial Crop 

20 Semi-perennial Crop 

21 Mosaic of Agriculture and Pasture 

Non vegetated area 

23 Beach and Dune 

24 Urban Infrastructure 

25 Other non vegetated area 

30 Mining 

Water 

33 River, Lake and Ocean 
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Table 1. Land cover classification system of MapBiomas 

Project – Collection 4 for the São Paulo State 

 

2.3 Land cover change analysis  

The proportion of each category of land cover and year was 

computed. Transition matrix was generated to analyze the 

proportion of land cover change from the year 2000 to 2015. 

This matrix indicates the proportion of land cover categories 

that change or remain persistent during the period of analysis. 

The proportion of each category was calculated according to the 

values of the year 2000. Despite the focus of this study was the 

pasture land cover change, we analyzed the transition of all 

categories aiming to identify the possible source of change and 

trends in the period of analysis. The transition matrix was 

computed using the ‘lulcc’ package (Simon Moulds, 2019) of 

R-3.6.1 software (R core team, 2016). 

 

Based on the proportion of land cover change, it was calculated 

the gain, loss, total change, net change and swap in terms of 

area for each category. The gain is related to the increase in the 

land cover category between the study period, while the loss is 

the decrease in the same period. Total change is the sum of gain 

and loss. The net change is the difference of the total proportion 

in each category between years t2 (2015) and t1 (2000) and 

swap is the difference between total change and absolute value 

of net change. Swap highlights the location of possible changes, 

when changes occur in the location of the category between 

time t1 and t2, while the quantity of change remains the same 

(Pontius et al., 2004). 

 

Additionally, it was generated maps of pasture and agriculture 

changes between the years 2000 and 2015 for analyzing spatial 

patterns of persistence, gain and loss for these categories. In this 

case, the category considered as ‘Agriculture’ encloses the 

categories ‘Annual and Perennial Crop’ and ‘Semi-perennial 

Crop’ of the original categories (ID’s 19 and 20 of Table 1). 

 

3. RESULTS 

Visual observation of land cover in Figure 2 highlighted the 

relevant presence of pasture in São Paulo State in the years 

2000 and 2015. Crops categories are also important land covers 

and represented, together with pasture cover, 72% and 69% of 

total land cover area in years 2000 and 2015, respectively. Also, 

it was possible to note some spatial changes in these classes 

over the years. 

 

The transition matrix of the land cover change is presented in 

Table 2. This matrix represents the changes in all 17 categories 

that occurred in São Paulo State between the years 2000 and 

2015. About 79.5% of pasture cover area persisted. Most 

proportion of loss was for ‘Mosaic of Agriculture and Pasture’, 

‘Annual and Perennial Crop’ and ‘Semi-perennial Crop’ 

categories. In contrast, most gains to this category - 

proportionally to the original areas of these categories in year 

2000 - came from ‘Other non vegetated area’ and ‘Grassland’ 

categories. Despite these changes, it is also important to note 

the changes from ‘Savannah Formation’ to ‘Pasture’, 

‘Grassland’ to ‘Annual and Perennial Crop’ and ‘Annual and 

Perennial Crop’ to ‘Semi-perennial Crop’.  

 

3 4 5 9 12 13 15 19 20 21 23 24 25 29 30 32 33

3 93.88 0.44 0.06 0.83 0.33 0.03 1.56 0.82 0.16 1.73 0.00 0.03 0.04 0.01 0.00 0.00 0.08

4 33.13 36.83 0.00 1.30 8.89 0.05 10.38 6.95 1.85 0.04 0.00 0.03 0.36 0.00 0.00 0.00 0.18

5 6.66 0.00 93.03 0.06 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.07 0.00 0.00 0.00 0.00 0.01

9 3.54 0.02 0.00 94.99 0.11 0.00 0.49 0.18 0.04 0.54 0.00 0.02 0.05 0.00 0.00 0.00 0.01

12 12.65 6.47 0.00 0.93 42.81 0.00 21.41 10.40 3.15 0.03 0.00 0.13 0.95 0.00 0.00 0.00 1.06

13 3.68 0.06 0.00 0.01 0.00 77.00 2.83 0.05 0.13 10.37 0.00 0.00 0.00 0.00 0.00 0.00 5.86

15 1.32 0.27 0.00 0.50 0.64 0.03 79.49 4.72 4.18 8.43 0.00 0.20 0.17 0.01 0.00 0.00 0.04

19 4.70 1.28 0.00 0.26 2.55 0.01 11.84 57.56 17.95 2.62 0.00 0.37 0.57 0.00 0.00 0.00 0.29

20 0.22 0.01 0.00 0.11 0.21 0.01 3.26 4.45 88.32 3.17 0.00 0.09 0.13 0.00 0.00 0.00 0.01

21 3.78 0.01 0.00 0.37 0.00 0.44 15.22 3.57 8.20 67.26 0.00 0.78 0.10 0.03 0.01 0.00 0.22

23 0.05 0.00 0.00 0.00 0.00 0.00 0.06 0.13 0.00 0.13 70.41 14.85 12.11 0.00 0.00 0.00 1.28

24 0.05 0.00 0.00 0.01 0.03 0.00 1.22 0.30 0.16 2.02 0.01 95.74 0.35 0.00 0.03 0.00 0.07

25 2.72 0.35 0.00 1.52 4.82 0.01 28.65 13.14 10.13 3.41 0.05 5.44 25.93 0.02 0.18 0.00 3.60

29 3.01 0.00 0.00 0.08 0.00 0.00 3.59 0.02 0.00 2.56 0.00 0.06 0.03 90.60 0.00 0.00 0.04

30 0.66 0.00 0.00 0.17 0.12 0.00 8.54 0.61 1.75 11.34 0.00 20.38 10.70 0.00 39.94 0.01 5.76

32 4.89 0.00 4.04 0.00 0.00 0.00 0.00 0.00 0.00 9.80 0.00 6.54 1.48 0.00 0.05 66.78 6.42

33 0.45 0.01 0.00 0.02 0.29 0.17 0.14 0.27 0.02 0.54 0.01 0.15 0.07 0.00 0.01 0.01 97.83  

Table 2. Transition matrix of LUCC in São Paulo State between 

the years 2000 and 2015 (unit: % of area). Proportions were 

calculated according to the year 2000 (rows). Cells filled with 

gray colors represent the percentage of persistence area in the 

class between these years. Names of categories related with 

these ID’s are shown in Table 1  

 

Table 3 shows the area of land cover change in terms of the 

gain, loss, total change, net change and swap. The highest cover 

changes occurred in the categories of Farming (ID’s 15, 19, 20 

and 21, respectively, ‘Pasture’, ‘Annual and Perennial Crop’, 

‘Semi-perennial Crop’ and ‘Mosaic of Agriculture and 

Pasture’), summing more than 80% of all changes during the 

period between 2000 and 2015. Pasture cover (ID 15) presented 

the highest loss, total and net change areas, and the second 

higher swap value. These changes corresponded to about 51%, 

34%, 49% and 26% of the total amount of these changes, 

respectively. ‘Mosaic of Agriculture and Pasture’ (ID 21) 

showed the highest gain, followed by ‘Semi-perennial Crop’ 

category (ID 20). In contrast, this ID 21 presented the second 

higher loss and total change, and the highest swap. Outside 

these categories of Farming, ‘Forest Formation’ presented the 

most expressive changes, with gain higher than loss and swap of 

about 9% of the total area of swap’s occurrence.  

 

ID Gain Loss 
Total 

Change 

Absolute 

value of 

Net 

Change 

Swap 

3 4464.7 3068.7 7533.4 1395.9 6137.5 

4 958.3 656.4 1614.7 301.8 1312.9 

5 30.6 12.7 43.3 17.8 25.4 

9 1265.1 327.9 1593.1 937.2 655.9 

12 1569.8 1667.5 3237.4 97.7 3139.7 

13 180.0 163.0 343.0 16.9 326.0 

15 8572.4 25839.5 34411.9 17267.1 17144.8 

19 9059.2 6373.4 15432.6 2685.8 12746.8 

20 10402.1 3230.5 13632.6 7171.6 6461.0 

21 13060.0 8573.9 21633.8 4486.1 17147.7 

23 1.2 3.8 5.0 2.7 2.3 

24 624.2 251.4 875.6 372.8 502.8 

25 438.4 647.6 1085.9 209.2 876.7 

29 26.3 14.3 40.7 12.0 28.6 

30 10.3 12.6 22.9 2.3 20.7 

32 0.8 1.2 2.0 0.4 1.6 

33 312.0 130.6 442.7 181.4 261.3 

Total 50975.2 50975.2 101950.5 35158.7 66791.8 

Table 3. Land cover changes in terms of area (km2) for each 

category. Bold numbers highlight the pasture land changes. 

Names of categories of these ID’s are shown in Table 1 

 

The spatial distribution of the persistence, gain and loss for the 

categories ‘Pasture’ (ID 15) and Agriculture (ID’s 19, 20 and 

21) is shown in Figure 3. Pasture cover showed an expressive 

persistence area (as shown in Table 2) spread over São Paulo 
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State. Some areas with small pasture occurrences were in North-

Central axis (region of persistence of Agriculture) and South 

regions. Large regions with loss of pasture areas occurred over 

the borders around the persistence of pasture areas, mainly in 

Western region of the State. These areas with loss in pasture 

cover seemed to be the main region of gain in Agriculture 

cover. This category presented lower persistence area than 

Pasture cover and small loss during the period. Pasture cover 

did not show spatial pattern for gain area. 

 

 

Figure 3.  Change in the Pasture (a) and Agriculture (b) 

categories between the years 2000 and 2015. In this figure, 

Agriculture encloses the categories ‘Annual and Perennial 

Crop’ and ‘Semi-perennial Crop’ of the original categories 

(respectively, ID’s 19 and 20 of Table 1) 

 

4. DISCUSSION 

The State of Sao Paulo has the largest agricultural Gross 

Domestic Product (GDP) in Brazil (Camargo Filho, 2008) and a 

diversified coverage changes over time (Colistete, 2015). The 

results showed in this study corroborated these changes in areas 

with agriculture and pasture, where massive land cover change - 

more than 80% of all changes - occurred inside the Farming 

categories (‘Pasture’, ‘Annual and Perennial Crop’, ‘Semi-

perennial Crop’ and ‘Mosaic of Agriculture and Pasture’) 

(Table 2 and 3). We also noted changes in the location of these 

land covers, which were expressed by the highest swap values 

(Table 3). Normally, these changes are linked with costs and 

price of production, infrastructure, market’s strategies, climate 

conditions and resource availability.   

 

Most changes in Farming categories came from loss of pasture 

to gain in agriculture. The results showed the highest gain of 

‘Pasture’ to ‘Mosaic of Agriculture and Pasture’ categories.  

However, it must to have caution in considering this category in 

the land cover change analysis, since it considers areas used for 

farming that were not possible to define land cover as pasture or 

crop. Then, this category could represent either persistence of 

pasture or change to crop (and vice-versa), some type of crop-

livestock mixed systems or limitation of the land cover map due 

to the classification process. Because of this, we could not 

explore deeply and analyze change patterns associated with this 

category. 

 

Proportions of gains in the other Farming categories (‘Annual 

and Perennial Crop’ and ‘Semi-perennial Crop’ from ‘Pasture’) 

were similar. Expressive gain in ‘Semi-perennial Crop’ category 

was mainly pushed by sugarcane expansion over the years and 

driven for ethanol production (Camargo et al., 2008; Sparovek 

et al., 2007) - the highest destination of sugarcane in Brazil 

(about 51%) (UNICA, 2015). São Paulo State is the highest 

producer of sugarcane in Brazil (about 56% of the total) (IBGE, 

2015) and its expansion over last decades was mainly pushed by 

the increase of prices and area; illustrating a land use conflict 

(Camara and Caldarelli, 2016; Camargo et al., 2008). In 

contrast, the loss of pasture area was associated with decreasing 

in animal units of about 25% (considering the period between 

2003 and 2013) (Camara and Caldarelli, 2016; IBGE, 2015). 

 

Main changes from ‘Pasture’ to ‘Annual and Perennial Crop’ 

could be mainly explained by transitions for soybean (Camargo 

et al., 2008). Differently of the transition to ‘Semi-perennial 

Crop’, this type of changes could also be related with pasture 

intensification due to consortium of crop-livestock systems 

(e.g., reforming the pasture areas with an initial cultivation of 

legumes, as soybean or bean) or providing feed supply to 

animal in the inter-cycles of pastures (e.g. maize); and, 

consequently, getting additional farming products.  

 

Pasture intensification in Brazil is normally correlated with 

decreasing of pasture area (Barretto et al., 2013). In 

agriculturally consolidated areas of southern and southeastern 

Brazil (the region of the São Paulo State), land intensification – 

both cropland and pastures – coincided with either reduction of 

both areas, or cropland expansion at the expense of pastures 

(Latawiec et al., 2014); similarly with our results. Brazil’s 

agriculture intensification had risen, mainly pushed by public 

policies (e.g., the Low-Carbon Agricultural Plan - “ABC Plan; 

(Brasil, 2012) and private initiatives. It could represent an 

increase in production and soil quality (Andrade et al., 2006; 

Eaton et al., 2011) or, if not well planned, a decreasing of 

quality dues to high use intensity of the land (Abdalla et al., 

2018; Conant and Paustian, 2002). 

 

In contrast, most gains for pasture areas came from ‘Other non 

vegetated area’ and ‘Grassland’ categories. The first category 

consisted of a mixed class including, for example, tillage and 

exposed soil. It could mean that these areas were initially in 

preparation for farming cultivation, in an inter-cycle period or 

degraded (considered here as predominance of exposed soil); 

and, then, they were converted to cultivated pasture. Instead, the 

conversion from ‘Grassland’ may have been favored by inputs 

and resource increasing for livestock production associated with 

higher technology offer to support large animal unit per area.  

 

However, the presence of some gain from ‘Savannah 

Formation’ to ‘Pasture’ could denote conversion of Cerrado 

biome (the Brazilian’s Savannah), an import and threatened 

biome due to farming conflicts (Durigan et al., 2007). 
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Despite the quantities of changes, it is also important to analyze 

their spatial behavior, as presented in Figure 3. Western region 

of São Paulo State – a traditional livestock producer - showed 

significant losses of pasture to agriculture. Also, a spatial 

pattern of pasture gain was not explicitly visualized. Instead, 

many gains of agriculture were distributed around the border of 

pasture areas; which demonstrate an advance of agricultural 

frontier over this pasture cover. 

 

Although the greater loss of pasture areas, it is still the largest 

proportion of land cover in São Paulo State. Our results 

demonstrated the importance of this land cover, where changes 

could impact the livestock sector and regional economy, as well 

as produce social and ecological effects; such as market and 

land prices, degradation and water availability. Consequently, it 

could address land use policies and help planning future 

scenarios for bioenergy and food production. 

 

 

5. CONCLUSIONS 

The percentage of pasture cover decreased between the years 

2000 and 2015. However, it is still the largest land cover in São 

Paulo State. Together with agriculture, these categories showed 

more than 80% of all land cover changes during this period. 

 

About 79.5% of pasture cover area persisted between these 

years. Most changes occurred from losses of pastures and gains 

in agriculture, mainly in the Western region. Most gains for 

pasture areas came from other non vegetated area and grassland 

categories. 

 

Our results showed the relevance of pasture areas and 

highlighted the importance of this land cover change to address 

land use policy and plan scenarios for bioenergy and food 

production. 

 

ACKNOWLEDGEMENTS 

This work was funded by the São Paulo Research Foundation 

(process numbers 2017/06037-4, 2016/08741-8, 2017/08970-0, 

2018/11052-5, 2018/13295-2 and 2014/26767-9) as part of the 

Global Sustainable Bioenergy Initiative. 

 

REFERENCES 

Abdalla, M., Hastings, A., Chadwick, D.R., Jones, D.L., Evans, 

C.D., Jones, M.B., Rees, R.M., Smith, P., 2018. Critical review 

of the impacts of grazing intensity on soil organic carbon 

storage and other soil quality indicators in extensively managed 

grasslands. Agriculture, Ecosystems & Environment 253, 62–

81. https://doi.org/10.1016/j.agee.2017.10.023. 

 

Andrade, C.M.S. de, Garcia, R., Valentim, J.F., Pereira, O.G., 

2006. Grazing management strategies for massaigrass-forage 

peanut pastures: 3. definition of sward targets and carrying 

capacity. R. Bras. Zootec. 35, 352–357. 

https://doi.org/10.1590/S1516-35982006000200004. 

 

Barretto, A.G.O.P., Berndes, G., Sparovek, G., Wirsenius, S., 

2013. Agricultural intensification in Brazil and its effects on 

land-use patterns: an analysis of the 1975-2006 period. Global 

Change Biology 19, 1804–1815. 

https://doi.org/10.1111/gcb.12174. 

 

Brasil, 2012. Plano setorial de mitigação e de adaptação às 

mudanças climáticas para a consolidação de uma economia de 

baixa emissão de carbono na agricultura : plano ABC 

(Agricultura de Baixa Emissão de Carbono). Ministério da 

Agricultura, Pecuária e Abastecimento, Ministério do 

Desenvolvimento Agrário, coordenação da Casa Civil da 

Presidência da República, MAPA/ACS, Brasília. 

 

Camara, M.R.G.D., Caldarelli, C.E., 2016. Expansão canavieira 

e o uso da terra no estado de São Paulo. Estud. av. 30, 93–116. 

https://doi.org/10.1590/s0103-40142016.30880008. 

 

Camargo, A.M.M.P. de, Caser, D.V., Camargo, F.P. de, 

Olivette, M.P. de A., Sachs, R.C.C., Torquato, S.A., 2008. 

Dinâmica e tendência da expansão da cana-de-açúcar sobre as 

demais atividades agropecuárias, Estado de São Paulo, 2001-

2006. Informações Econômicas 38. 

 

Camargo Filho, W.P. de, 2008. REFORMA DE PASTAGENS 

PARA O ESTADO DE SÃO PAULO: sugestão de medida de 

política agrícola sustentável. Informações Econômicas 38. 

 

Cardoso, A.S., Berndt, A., Leytem, A., Alves, B.J.R., de 

Carvalho, I. das N.O., de Barros Soares, L.H., Urquiaga, S., 

Boddey, R.M., 2016. Impact of the intensification of beef 

production in Brazil on greenhouse gas emissions and land use. 

Agricultural Systems 143, 86–96. 

https://doi.org/10.1016/j.agsy.2015.12.007. 

 

Colistete, R.P., 2015. Regiões e Especialização na Agricultura 

Cafeeira: São Paulo no Início do Século XX. Revista Brasileira 

de Economia 69. https://doi.org/10.5935/0034-7140.20150015. 

 

Conant, R.T., Paustian, K., 2002. Potential soil carbon 

sequestration in overgrazed grassland ecosystems: POTENTIAL 

C SEQUESTRATION IN OVERGRAZED GRASSLANDS. 

Global Biogeochem. Cycles 16, 90-1-90–9. 

https://doi.org/10.1029/2001GB001661. 

 

de Oliveira Silva, R., Barioni, L.G., Hall, J.A.J., Folegatti 

Matsuura, M., Zanett Albertini, T., Fernandes, F.A., Moran, D., 

2016. Increasing beef production could lower greenhouse gas 

emissions in Brazil if decoupled from deforestation. Nature 

Clim Change 6, 493–497. 

https://doi.org/10.1038/nclimate2916. 

 

de Oliveira Silva, R., Barioni, L.G., Queiroz Pellegrino, G., 

Moran, D., 2018. The role of agricultural intensification in 

Brazil’s Nationally Determined Contribution on emissions 

mitigation. Agricultural Systems 161, 102–112. 

https://doi.org/10.1016/j.agsy.2018.01.003. 

 

Durigan, G., Siqueira, M.F. de, Franco, G.A.D.C., 2007. 

Threats to the Cerrado remnants of the state of São Paulo, 

Brazil. Sci. agric. (Piracicaba, Braz.) 64, 355–363. 

https://doi.org/10.1590/S0103-90162007000400006. 

 

Eaton, D.P., Santos, S.A., Santos, M. do C.A., Lima, J.V.B., 

Keuroghlian, A., 2011. Rotational Grazing of Native 

Pasturelands in the Pantanal: An Effective Conservation Tool. 

Tropical Conservation Science 4, 39–52. 

https://doi.org/10.1177/194008291100400105. 

 

FAO, 2019. FAOSTAT. Food and Agriculture Organization of 

the United Nations. http://www.fao.org/faostat/en/#data/EL 

(accessed 2.6.19). 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W12-2020, 2020 
2020 IEEE Latin American GRSS & ISPRS Remote Sensing Conference (LAGIRS 2020), 22–26 March 2020, Santiago, Chile

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-W12-2020-321-2020 | © Authors 2020. CC BY 4.0 License. 

Primary publication at IEEE Xplore: https://doi.org/10.1109/LAGIRS48042.2020.9165662

 
 

325



 

 

FAO, 2018. FAOSTAT. Food and Agriculture Organization of 

the United Nations. http://www.fao.org/faostat/en/#data/EL 

(accessed 6.11.19). 

 

Feddema, J.J., 2005. The Importance of Land-Cover Change in 

Simulating Future Climates. Science 310, 1674–1678. 

https://doi.org/10.1126/science.1118160. 

 

Garrett, R.D., Koh, I., Lambin, E.F., le Polain de Waroux, Y., 

Kastens, J.H., Brown, J.C., 2018. Intensification in agriculture-

forest frontiers: Land use responses to development and 

conservation policies in Brazil. Global Environmental Change 

53, 233–243. https://doi.org/10.1016/j.gloenvcha.2018.09.011. 

 

Gogoi, P.P., Vinoj, V., Swain, D., Roberts, G., Dash, J., 

Tripathy, S., 2019. Land use and land cover change effect on 

surface temperature over Eastern India. Sci Rep 9, 8859. 

https://doi.org/10.1038/s41598-019-45213-z. 

 

Hu, Y., Batunacun, Zhen, L., Zhuang, D., 2019. Assessment of 

Land-Use and Land-Cover Change in Guangxi, China. Sci Rep 

9, 2189. https://doi.org/10.1038/s41598-019-38487-w. 

 

IBGE, 2019. Estimativas da população residente com data de 

referência 1° de julho de 2019. Diretoria de Pesquisas, 

Coordenação de População e Indicadores Sociais. 

 

IBGE, 2015. Pesquisa Agrícola Municipal – PAM. Brasília. 

 

IBGE, 2011. Censo Demográfico 2010, Área territorial 

brasileira. Rio de Janeiro. 

 

IPCC, 2000. Intergovernmental Panel on Climate Change, 

2000. Land use, land-use change, and forestry. (No. Special 

Report). Cambridge Univ. Press, Cambridge. 

 

Jaiswal, D., De Souza, A.P., Larsen, S., LeBauer, D.S., Miguez, 

F.E., Sparovek, G., Bollero, G., Buckeridge, M.S., Long, S.P., 

2019. Reply to: Brazilian ethanol expansion subject to 

limitations. Nature Climate Change 9, 211–212. 

https://doi.org/10.1038/s41558-019-0423-y. 

 

Jaiswal, D., De Souza, A.P., Larsen, S., LeBauer, D.S., Miguez, 

F.E., Sparovek, G., Bollero, G., Buckeridge, M.S., Long, S.P., 

2017. Brazilian sugarcane ethanol as an expandable green 

alternative to crude oil use. Nature Climate Change 7, 788–792. 

https://doi.org/10.1038/nclimate3410. 

 

Lambin, E.F., Geist, H.J., Lepers, E., 2003. Dynamics of Land-

Use and Land-Cover Change in Tropical Regions. Annu. Rev. 

Environ. Resour. 28, 205–241. 

https://doi.org/10.1146/annurev.energy.28.050302.105459. 

 

Lambin, E.F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, 

A., Bruce, J.W., Coomes, O.T., Dirzo, R., Fischer, G., Folke, 

C., George, P.S., Homewood, K., Imbernon, J., Leemans, R., Li, 

X., Moran, E.F., Mortimore, M., Ramakrishnan, P.S., Richards, 

J.F., Skånes, H., Steffen, W., Stone, G.D., Svedin, U., 

Veldkamp, T.A., Vogel, C., Xu, J., 2001. The causes of land-

use and land-cover change: moving beyond the myths. Global 

Environmental Change 11, 261–269. 

https://doi.org/10.1016/S0959-3780(01)00007-3. 

 

Latawiec, A.E., Strassburg, B.B.N., Valentim, J.F., Ramos, F., 

Alves-Pinto, H.N., 2014. Intensification of cattle ranching 

production systems: socioeconomic and environmental 

synergies and risks in Brazil. animal 8, 1255–1263. 

https://doi.org/10.1017/S1751731114001566. 

 

Pontius, R.G., Shusas, E., McEachern, M., 2004. Detecting 

important categorical land changes while accounting for 

persistence. Agriculture, Ecosystems & Environment 101, 251–

268. https://doi.org/10.1016/j.agee.2003.09.008. 

 

R core team, 2016. R: A language and environment for 

statistical computing. R Foundation for Statistical Computing. 

Vienna, Austria. URL https://www.R-project.org/. 

 

Ramankutty, N., Evan, A.T., Monfreda, C., Foley, J.A., 2008. 

Farming the planet: 1. Geographic distribution of global 

agricultural lands in the year 2000. Global Biogeochem. Cycles 

22, GB1003. https://doi.org/10.1029/2007GB002952. 

 

Simon Moulds (2019). lulcc: Land Use Change Modelling in R. 

R package version 1.0.4. 

 

Sparovek, G., Berndes, G., Egeskog, A., de Freitas, F.L.M., 

Gustafsson, S., Hansson, J., 2007. Sugarcane ethanol 

production in Brazil: an expansion model sensitive to 

socioeconomic and environmental concerns. Biofuels, Bioprod. 

Bioref. 1, 270–282. https://doi.org/10.1002/bbb.31. 

 

Swetnam, R.D., Fisher, B., Mbilinyi, B.P., Munishi, P.K.T., 

Willcock, S., Ricketts, T., Mwakalila, S., Balmford, A., 

Burgess, N.D., Marshall, A.R., Lewis, S.L., 2011. Mapping 

socio-economic scenarios of land cover change: A GIS method 

to enable ecosystem service modelling. Journal of 

Environmental Management 92, 563–574. 

https://doi.org/10.1016/j.jenvman.2010.09.007. 

 

UNICA, 2015. Unicadata. São Paulo. 

 

Yang, D., Kanae, S., Oki, T., Koike, T., Musiake, K., 2003. 

Global potential soil erosion with reference to land use and 

climate changes. Hydrol. Process. 17, 2913–2928. 

https://doi.org/10.1002/hyp.1441. 

 

Zomer, R.J., Neufeldt, H., Xu, J., Ahrends, A., Bossio, D., 

Trabucco, A., van Noordwijk, M., Wang, M., 2016. Global Tree 

Cover and Biomass Carbon on Agricultural Land: The 

contribution of agroforestry to global and national carbon 

budgets. Sci Rep 6, 29987. https://doi.org/10.1038/srep29987. 

 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W12-2020, 2020 
2020 IEEE Latin American GRSS & ISPRS Remote Sensing Conference (LAGIRS 2020), 22–26 March 2020, Santiago, Chile

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-W12-2020-321-2020 | © Authors 2020. CC BY 4.0 License. 

Primary publication at IEEE Xplore: https://doi.org/10.1109/LAGIRS48042.2020.9165662

 
 

326




