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Abstract 
Food production remains one of the main challenges for humankind in this 
century, and Brazil is one of the largest food-producing countries that have 
yet some land for economically or technically profitable farming expansion. 
Moreover, knowing which areas constitute the Brazilian agricultural frontier 
is crucial for improving public policies and logistics infrastructure decisions. 
Data from the Brazilian Institute of Geography and Statistics from 1995 to 
2019 were used in this study. We aimed to map and measure the expansion of 
agricultural areas in Brazil from 1995 to 2019 for temporary crops according 
to their mesoregions. We used a four-stage methodology, compared the re-
sults of two agglomerative clustering methods, and identified similar mesore-
gions based on their share trends in the Brazilian agricultural seeded area. 
Some mesoregions had higher positive trend values for their share of the Bra-
zilian agricultural seeded area: Mato-grossense North (MT), Mato-grossense 
Northeast (MT), Mato Grosso do Sul Southwest (MS), Goiano South (GO), 
Extreme West Bahia (BA), Maranhense South (MA), Piauiense Southwest 
(PI), and Tocantins Eastern (TO). As a second leading group, the Paranaíba 
Upstream (MG), São José do Rio Preto (SP), Mato-grossense Southeast (MT), 
and Goiano East (GO), must be emphasized. Further research is recom-
mended, including extending the study to permanent crops and applying 
top-down analysis targeting microregions or municipalities in the identified 
mesoregions. 
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1. Introduction 

Food production remains a central concern for humanity. The world population 
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will reach 9.7 billion in 2050 [1] and urbanization is a current process in larger 
developing countries in Africa, China, and India. Meanwhile, most of the lead-
ing food-producing countries (Russia, the United States, Argentina, Canada, the 
European Union, and Australia) do not have more land for economically or 
technically profitable farming. 

Further, much of the land already employed worldwide has several con-
straints, such as chemical contamination, physical degradation of soil, endemic 
diseases, or lack of infrastructure [2]. Some of this land is also forested, pro-
tected, or supports traditional settlements, and agricultural systems in Africa and 
Southeast Asia appear to be vulnerable to changes in agricultural water demand 
against the backdrop of an evolving climate [3]. 

In Brazil, agriculture has expanded from the South towards the Center-West 
region since the 1980s and has reached the states of Maranhão, Tocantins, Piauí, 
and Bahia (MATOPIBA) in the Northeast region and southern portions of the 
North region. Gasques et al. [4], for example, highlighted increasing land prices 
as a consequence of agricultural expansion in Pará, Amazonas, and the Tocan-
tins states. Accordingly, specific agricultural expansion areas include the Tocan-
tins East, Maranhão South, Piauí Southwest, and Extreme West Bahia. These 
areas may be responsible for the future expansion of crops in Brazil from 2020 to 
2050 [5] [6]. 

Since Brazil is one of the most important food producers and exporters 
worldwide, it is critical to map and monitor its agricultural area expansion. 
Firstly, knowing the locus of the Brazilian agriculture area expansion is crucial 
for adjusting and supporting the respective public policies related to infrastruc-
ture, credit supply, technical assistance, and education for farmers. Secondly, 
private sectors linked to agricultural inputs can also employ such information to 
model their local operation strategies and investments decisions. 

Thus, this study aims to map and measure the expansion of agricultural areas 
for temporary crops in Brazil from 1995 to 2019 by mesoregions. The following 
sections of this paper are organized as follows. Section 2 discusses agricultural 
area expansion in Brazil and abroad. The third section presents the methodology 
and database employed; Section 4 reports and discusses the results, and the final 
section concludes the paper with the closing remarks. 

2. Agricultural Area Expansion in Brazil and Abroad 

As highlighted by Awokuse and Xie [7], the remarkable expansion of the agri-
cultural sector in Brazil has contributed to the growth of the overall economy, 
becoming a top producer and exporter of beef, broiler chickens, coffee, soybeans, 
oilseeds, sugar, and ethanol extracted from sugarcane. However, the expansion 
of the agricultural area of Brazil is associated with several problems. 

A degraded pasture is a major liability in Brazilian agriculture, but restoration 
and recovery efforts could turn this area into a new frontier for both agricultural 
yield expansion and forest restoration [8]. Conversely, Guilherme and Vidica [9] 
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argued that sustainable rural development, integration, and interaction of lives-
tock, agricultural, and forestry components can contribute to reducing the im-
pacts of the productive sector in the environment. 

At the same time, finding a balance between ecosystem conservation and the 
production of goods and services that societies need to prosper is fundamental to 
the long-term sustainable development of any region, but this balance varies 
within the region’s landscapes [10]. 

For example, specific techniques can be very useful for intercropping. Ac-
cording to [11], positive yield and natural resource effects of intercropping can 
still be realized if the ongoing farm-scale enlargement policy is combined with a 
policy promoting novel intercropping types, particularly those types that can 
make use of already available machinery. 

Another important aspect is the effect of agricultural area expansion on soil 
coverage. Land use and land cover changes affect climate through both biogeo-
chemical (BGC) and biophysical (BPH) mechanisms [12]. While BGC effects are 
assessed on a global scale and are at the heart of climate treaties such as the Paris 
Agreement, BPH effects are absent despite their increasingly recognized impact, 
especially at the local scale. 

In international experience, specific countries are the focus of several ap-
proaches for combining public policies, agri-environmental concerns, and agri-
cultural area expansion. For the European Union, Braito et al. [13] advocated 
appealing to human-nature relationships, offering training and experimentation 
services, fostering social networks, and raising the social reputation of farmers. 
Another great agricultural producer, the United States, also has singularities in 
agricultural area growth. Accordingly, agricultural policy exerts substantial in-
fluence on cropland areas in the United States through the administration of the 
Conservation Reserve Program (CRP) [14]. At the same time, in the Vietnam 
case, increases in crop production and land investment associated with holding 
land titles are driven by the intensive margin and some evidence that increasing 
the intensive margin of tenure (holding constant the extensive tenure) decreases 
deforestation [15]. 

Different types of farming also have different effects on the expansion of 
agricultural areas, and information and continuous education have become key 
for all kinds of farmers under the concept of smart farming. It refers to the use of 
information and communication technology in farm management, focusing si-
multaneously on productivity, profitability, and the conservation of natural re-
sources [16]. Adoption of some technologies requires more years of education 
and knowledge about how technology works, and some technologies demand a 
greater scale. 

In the last decade for example, Brazilian family farming has experienced sig-
nificant changes in the national scenario altering the productive and social dy-
namics of family agriculture (FA), and public policies, such as technical assis-
tance and rural extension (TARE), which can play an important role in its 
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strengthening [17]. This study concluded that the structuring of a new and effi-
cient national TARE system must rely on 1) state action, but not with the claim 
that they are the only source of such services; 2) expansion of the performance of 
municipalities, where the participation of city halls may contribute to TARE be-
coming a quality service; 3) continuous and quality training for extension work-
ers; 4) creation of innovative financing mechanisms; and 5) promoting the inte-
gration of research and extension. 

In larger areas, such as the Amazon, small farmers occupy a large swath and 
often lack access to technical assistance, production technology, and markets. 
Providing quality technical assistance to small farmers could help them better 
align production practices with local opportunities, increase household income 
and improve livelihoods, reducing deforestation pressure [18]. 

Azevedo-Ramos et al. [19] in their study, evaluated the northern region of 
Brazil. The Brazilian Amazon has 49.8 million hectares (Mha) of public forest-
lands not allocated by the federal or state governments to a specific tenure status: 
the so-called undesignated public forests (UPF). Historically, these public forests 
have been vulnerable to land grabbers and land speculation. More importantly, 
the seriousness and precariousness of the protection of Brazilian Amazon UPF, 
the rapid conversion of forests outside these areas, and increased flexibility in 
land policies call for the immediate introduction of these areas to some form of 
conservation to avoid irreparable damage to the world’s largest rainforest. A 
fundamental question then is how to solve land property consolidation in the 
Amazon areas, which requires specific and simultaneous public policy actions. 

In Europe and often worldwide, national and local government authorities 
employ different means to stimulate economic development and environmental 
protection of the land through the application of land consolidation [20]. This is 
even more necessary for Brazil, as the Brazilian Amazon has different levels of 
agricultural modernization. Lobão and Staduto [21] found that there is a hete-
rogeneous and dual pattern of agricultural modernization in the Brazilian Ama-
zon between municipalities in the west and north in the western Amazon region, 
which show the worst indicators of agricultural modernization, and those to the 
south and east (Eastern Amazon), with the best. 

A second agricultural frontier area in Brazil is the Brazilian Northeast Region, 
which includes water restriction areas in tropical drylands. However, to achieve 
groundwater, food, and long-term energy security, agricultural landscapes in 
tropical drylands require more conservation (including the restoration of de-
graded areas), more diversification of agriculture practices, and better integra-
tion of individual initiatives at a larger spatial scale [10]. Tropical drylands are 
particularly sensitive to climate change. Carlos et al. [22] analyzed the relation-
ship between farmers’ knowledge about climate change and the adoption of 
adaptive strategies in the Bahia state and found that farmers who are aware of 
climate change effects are more likely to adapt. 

In the Brazilian context, logistic requirements may also affect the expansion 
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profile of agricultural areas. For example, soybean expansion in the Mato Grosso 
state is strongly associated with the presence of other soybean fields and ware-
houses within 50 - 100 km, and soybean expansion is also likely to occur in areas 
of high conservation value [23]. Therefore, smart logistics investments are cru-
cial for regional development and environmental protection. 

Silva et al. [24] raised another issue. Their findings indicate that the total an-
nual funding deficit in the Brazilian protected areas (PAs) increased in the last 
decade, including that for PAs in the Amazon, Atlantic Forest, Savannas, and 
drylands, requiring new policies, public-private partnerships, and innovative 
funding mechanisms to close the large funding gap in the Brazilian federal PA 
system. 

Although some analysts highlight the negative environmental impacts of this 
process [25], especially those related to soybean and cattle breeding expansion, 
which leads to deforestation, other analysts [26] argue that agricultural expan-
sion can serve both conservationists’ and agricultural producers’ interests. 

Finally, several studies have evaluated the role of the Brazilian Forest Code 
(BFC). According to Hissa et al. [27], there are high expectations that the en-
forcement of the BFC will drive large-scale forest recovery and carbon mitiga-
tion. For the authors, trading certificates issued from recovering forests may 
represent a low-cost strategy for compliance with the BFC, a pathway for 
achieving restoration targets, and an additional source of income for landhold-
ers. In counterpart, Mueller [28] argued that the BFC key issue is the level of 
uncertainty of the gap between the de jure and de facto specification of property 
rights. 

3. Methodology and Data Source 

This study employs data from the Brazilian Institute of Geography and Statistics 
[29] comprising agricultural seeded areas1 at the Brazilian mesoregion level for 
1995-2019, related exclusively to temporary crops. These include pineapple, cot-
ton, garlic, peanut, rice, oat, potato, sweet potato, sugar cane, onion, rye, barley, 
pea, bean, tobacco, sunflower (2005 to 2019), jute, flax (seed), mallow, castor 
bean, manioc, watermelon, melon, corn, ramie, soybeans, sorghum, tomato, 
wheat, and triticale (2005 to 2019). 

The methodology consists of four steps. First, a threshold for selecting meso-
regions is established. Second, the study calculates the Spearman correlation 
coefficient for detecting those mesoregions where there is a time trend in the 
seeded area over 1995-2019. Third, a time trend was estimated for these mesore-
gions. Finally, cluster analysis is used to identify groups of mesoregions based on 
the estimated trends over time and similar mesoregions based on their pace of 
agricultural expansion during the period 1995-2019. 

Each methodological step is described in detail in the following subsections. 

 

 

1Henceforth, “agricultural area” always means agricultural seeded area, that is, an agricultural area 
for temporary crops. 
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3.1. Selecting Brazilian Mesoregions 

Brazil has 137 mesoregions, according to the IBGE [29]. Only mesoregions with 
superior expansion in agricultural areas were evaluated. To select these, the 
study established a lower bound, defined as the geometric growth rate (GGR) of 
the Brazilian agricultural area from 1995 to 2019. The geometrical growth rate is 
defined as follows: 

2019
Br

1995

Seeded area
GGR 25 1

Seeded area
= −                  (1) 

Thus, only mesoregions with GGR above the Brazilian (national) level be-
tween the 25 years available, compose the group measured in Subsection 3.2. 

3.2. Spearman Correlation Coefficient 

Defining Shi as the share of mesoregioni in the Brazilian agricultural area, the 
Spearman coefficient was used to evaluate whether the trend trajectory of Shi ex-
isted during the period 1995-2019. The respective test is non-parametric and 
does not require the original data to be normally distributed [30] [31]. Here, it 
means to calculate the correlation coefficient between the ranks of the Shi levels 
(S) and the time frame. The Spearman coefficient is represented by Equations 
(2) and (3). 

( )2

6
1

1 d
N N

ρ −
−

=                        (2) 

where: 

[ ]21
T

tR td −= ∑                         (3) 

Rt is the variable rank for the respective time moment, and 1,2,3, ,t T= �  is 
the natural rank for the different time moments. The underlying idea is that the 
greater the difference between Rt and t, the greater the probability of rejecting 
the null time trend. 

3.3. Time Trend Analysis 

If the Spearman coefficient test identifies a non-null time trend, a time trend will 
be estimated. As a first framework, the linear2 approach is employed, that is, the 
time (T) is the explanatory variable for Shi according to Equation (4), where 
compound ui is assumed to respect the classical hypothesis of the residual in li-
near regression models. 

0 1i iSh T uβ β ⋅= + +                       (4) 

The model decomposes the total sum of squares (TSS) into the explained sum 
of squares (ESS) and the residual sum of squares (RSS) [32], which is represented 
by Equation (5), where Shim is the average share of each mesoregion in the Bra-

 

 

2Based on a more extensive series, more complex approaches could be applied. For example, includ-
ing seasonal terms and a non-linear framework. 
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zilian agricultural area over 1995-2019 for temporary crops; Shie is the estimated 
value for each data; and ee is the corresponding residual. 

( ) ( ) ( )2 2 2
1 1 1TSS ESS RSS T

i im ie im et t
T T

tSh Sh Sh Sh e
= = =

= + = − − +=∑ ∑ ∑   (5) 

With the variance sources and degrees of freedom in each equation term, it is 
possible to apply ANOVA (Table 1), whose F-test allows evaluation of the sta-
tistical significance of the coefficients of (4). 

3.4. Clustering Mesoregions in Brazilian Agricultural Frontier Land 

The last methodological stage is the cluster analysis. The procedure is based on 
the mesoregions with a time trend detected according to the Spearman coeffi-
cient and estimated time trends. Cluster analysis has been employed to search 
for similarities among different individuals in a dataset for more than a century. 
Its use includes distinct research areas, such as Archaeology [33], Psychology, 
and Psychiatry [34] [35], and even related to taxonomic characteristics [36]. 

Agglomerative schedules can be divided into hierarchical and non-hierarchical 
agglomerative methods. The first corresponds to a step-by-step procedure to 
generate the clusters, while the second employs algorithms to maximize the ho-
mogeneity inside the groups without applying a hierarchical process for doing 
so. 

Among the hierarchical agglomerative methods, the most commonly em-
ployed are the nearest (or single) neighbor linkage method, the further (or com-
plete) neighbor linkage method, and the between (or average) group linkage 
method. These methods do not require a predefined number of clusters to func-
tion as agglomerative centers. Among the non-hierarchical agglomerative me-
thods, the most employed is the k-means procedure, where agglomeration cen-
ters are defined that serve as the bases for locating individuals according to their 
proximity to such centers. 

Here, except when referred, the procedures follow Johnson and Wichern [37] 
and employ the hierarchical agglomerative method for searching the number of 
clusters. This number of clusters, in turn, is the input for the non-hierarchical 
agglomerative k-means method. 

To do so, cluster analysis employs the Euclidean distance, with a focus on the 
single (or nearest) distance. Accordingly, this approach is appropriate when the 
observations present high variability in the measured variables [38], which holds  

 
Table 1. Analysis of variance (ANOVA). 

Source (A) Degrees of freedom (B) Mean square = (A)/(B) F-test 

ESS 1 ESS/1 = MSE F = MSE/MSR 

RSS (n − 2) RSS/(n − 2) = MSR 
 

TSS (n − 1) TSS/(n − 1) 
 

Source: Author, based on Barreto and Howland [32]. 
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in this case because the range and variability of variables grow among the meso-
regions during the period 1995-2019. 

Euclidean distance is defined as a function of the X variables associated with 
two sample elements and can be expressed as Equation (6), where the term i is a 
variable or characteristic of each sample element and k is the number of ele-
ments. 

( ) ( ) ( ) ( )
1 2 1 22

1 1 1 11, k k k i i
p

kid X X X X X X X X
=

 ′  = − − = −     ∑      (6) 

The calculations consisted of two steps. Initially, the agglomerative hierar-
chical method is employed, which indicates the number of groups that best fits 
the data. In the second round, the number of groups indicated is used for a 
K-means agglomerative non-hierarchical method. Once the agglomerative hie-
rarchical and K-means agglomerative non-hierarchical methods have been run, 
their results can be compared. 

In addition, it is possible to test the presence of different means among the 
clustered groups through another F-test approach [32] [39], according to the 
following hypothesis: 

H0: variable (time trend) has the same average for every cluster; 
Ha: variable (time trend) has a different average for at least one cluster. 
It allows performing a cluster check for the hierarchical agglomerative, as well 

as for the k-means non-agglomerative procedures. 

4. Results and Discussion 

The GGR of the Brazilian agricultural area from 1995 to 2019 was 2.0%. Of the 
137 Brazilian mesoregions, only 41 had GGR values above or equal this value. 
Table 2 presents them in the GGR decreasing order, and the next methodologi-
cal steps will be conducted exclusively with them. 

For the temporary crops analyzed here, the 41 selected mesoregions had 32.6% 
of the Brazilian agricultural seeded area in 1995 and 62.7% in 2019; that is, they 
experienced a growth of 30 p.p. in the Brazilian seeded area over 25 years. 

These mesoregions were concentrated in three Brazilian regions: 14 mesore-
gions in the Center-West, 10 in the Southeast, and 10 in the North. The regions 
in the South and Northeast contain four and three selected mesoregions, respec-
tively. At the federation unit level, these mesoregions are concentrated in six 
federation units: seven in São Paulo (SP), five in Mato Grosso (MT), four in 
Mato Grosso do Sul (MS) and Goiás (GO), three in Rio Grande do Suo (RS), and 
three in Minas Gerais (MG). 

4.1. Spearman Correlation Coefficient test 

Once a mesoregion-targeted group was selected, the next step was the Spearman 
coefficient analysis. Table 3 presents the test results for the Brazilian agricultural 
mesoregions for temporary crops for the period 1995-2019. 
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Table 2. Brazilian mesoregions selected according to the geometric growth rate (GGR). 

Mesoregion (Federation Unity) GGR 

Amapá’s North (AP) 11.0% 

Tocantins Eastern (TO) 9.5% 

Mato-grossense Northeast (MT) 8.4% 

Mato-grossense North (MT) 7.5% 

Maranhense South (MA) 7.2% 

Amapá’s South (AP) 7.1% 

Piauiense Southwest (PI) 5.9% 

Marajó (PA) 5.8% 

Mato Grosso do Sul Southwest (MS) 5.1% 

Goiano Northwest (GO) 5.1% 

Tocantins Western (TO) 5.1% 

Mato-grossense Center-South (MT) 4.8% 

Goiano East (GO) 4.8% 

Extreme West Bahia (BA) 4.7% 

Mato Grosso do Sul Center-North (MS) 4.7% 

Roraima’s North (RR) 4.4% 

Araçatuba (SP) 4.3% 

Presidente Prudente (SP) 4.2% 

Goiano North (GO) 4.1% 

Paranaense Norhwest (PR) 4.1% 

Goiano South (GO) 3.9% 

Madeira-Guaporé (RO) 3.9% 

São José do Rio Preto (SP) 3.8% 

Marília (SP) 3.8% 

Mato-grossense Southwest (MT) 3.6% 

Rio-grandense Center-Western (RS) 3.4% 

Triângulo Mineiro/Paranaíba Upstream (MG) 3.3% 

Mato-grossense Southeast (MT) 3.3% 

Itapetininga (SP) 3.2% 

Federal District (DF) 3.1% 

Rio-grandense Southwest (RS) 3.0% 

Minas Northwest (MG) 2.7% 

Rio-grandense Northeast (RS) 2.6% 

Mato Grosso do Sul East (MS) 2.6% 
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Continued 

Bauru (SP) 2.6% 

Amazonense South (AM) 2.5% 

Campo das Vertentes (MG) 2.5% 

Paraense Southeast (PA) 2.4% 

Amazonense Center (AM) 2.1% 

South Mato-grossense Wetlands (MS) 2.0% 

Araraquara (SP) 2.0% 

Brazil 2.0% 

Source: Author, based on IBGE [29]. 
 

Table 3. Spearman coefficient tests for Brazilian agricultural mesoregions. 

Mesoregion (Federation Code) Spearman Coefficient Test 

Amapá’s North (AP) 0.752*** 

Tocantins Eastern (TO) 0.971*** 

Mato-grossense Northeast (MT) 0.985*** 

Mato-grossense North (MT) 0.992*** 

Maranhense South (MA) 0.984*** 

Amapá’s South (AP) 0.962*** 

Piauiense Southwest (PI) 0.981*** 

Marajó (PA) 0.305 

Mato Grosso do Sul Southwest (MS) 0.989*** 

Goiano Northwest (GO) 0.722*** 

Tocantins Western (TO) 0.824*** 

Mato-grossense Center-South (MT) 0.858*** 

Goiano East (GO) 0.942*** 

Extreme West Bahia (BA) 0.979*** 

Mato Grosso do Sul Center-North (MS) 0.962*** 

Roraima’s North (RR) 0.218 

Araçatuba (SP) 0.818*** 

Presidente Prudente (SP) 0.857*** 

Goiano North (GO) 0.913*** 

Paranaense Northwest (PR) 0.827*** 

Goiano South (GO) 0.913*** 

Madeira-Guaporé (RO) 0.299 

São José do Rio Preto (SP) 0.796*** 
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Continued 

Marília (SP) 0.776*** 

Mato-grossense Southwest (MT) 0.848*** 

Rio-grandense Center-Western (RS) 0.701*** 

Triângulo Mineiro/Paranaíba Upstream (MG) 0.974*** 

Mato-grossense Southeast (MT) 0.818*** 

Itapetininga (SP) 0.853*** 

Federal District (DF) 0.842*** 

Rio-grandense Southwest (RS) 0.73*** 

Minas Northwest (MG) 0.898*** 

Rio-grandense Northeast (RS) 0.113 

Mato Grosso do Sul East (MS) 0.073 

Bauru (SP) 0.357 

Amazonense South (AM) −0.602*** 

Campo das Vertentes (MG) −0.190 

Paraense Southeast (PA) −0.440 

Amazonense Center (AM) −0.586*** 

South Mato-grossense Wetlands (MS) 0.130 

Araraquara (SP) 0.037 

Source: Author, based on IBGE [29]. Note: ***1% significance level. 
 

The Spearman coefficient test indicated that 31 mesoregions had a time trend 
for their share in the Brazilian agricultural area for temporary crops from 1995 
to 2019. These mesoregions are concentrated in three Brazilian regions: 12 in the 
Center-West, 7 in the Southeast, and 6 in the North.3 

At the federation unit level, Mato Grosso (MT) (five mesoregions), São Paulo 
(SP) (five mesoregions), and Goiás (GO) (four mesoregions) must be hig-
hlighted. These states belong to the states where spatial clusters of the most im-
portant states for Brazilian agriculture occur, as stated by Stege and Bacha [40]. 

Of the 41 evaluated mesoregions in this stage, 10 had no significant time 
trend, and they were not included in the further methodological stages. 

4.2. Time Trend 

The time trend was calculated for 31 Brazilian mesoregions, according to the 
results of the previous subsection. It measures the time trend of each mesoregion 
share in the Brazilian agricultural area for temporary crops over 1995-2019. Ta-
ble 4 presents the corresponding results in descending order. 

 

 

3In terms of Brazil’s great regions, there is a funding deficit in protected areas in drylands, savanna, 
and the Atlantic Forest and Amazon protected areas in Brazil, but it is greater in the Amazon pro-
tected areas, that is, in the North [24]. 
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Table 4. Time trends of mesoregion shares of Brazilian agricultural seeded area. 

Mesoregion (federation code) Time trend 

Mato-grossense North (MT) 0.004377*** 

Mato-grossense Northeast (MT) 0.001254*** 

Mato Grosso do Sul Southwest (MS) 0.001197*** 

Goiano South (GO) 0.00088*** 

Extreme West Bahia (BA) 0.000621*** 

Piauiense Southwest (PI) 0.000471*** 

Maranhense South (MA) 0.000425*** 

Triângulo Mineiro/Paranaíba Upstream (MG) 0.000367*** 

São José do Rio Preto (SP) 0.000357*** 

Mato-grossense Southeast (MT) 0.000337*** 

Goiano East (GO) 0.000335*** 

Tocantins Eastern (TO) 0.00032*** 

Presidente Prudente (SP) 0.000239*** 

Mato Grosso do Sul Center-North (MS) 0.000236*** 

Tocantins Western (TO) 0.00023*** 

Paranaense Northwest (PR) 0.000199*** 

Minas Northwest (MG) 0.000188*** 

Araçatuba (SP) 0.00018*** 

Rio-grandense Center-Western (RS) 0.000161*** 

Rio-grandense Southwest (RS) 0.000129*** 

Itapetininga (SP) 0.000118*** 

Mato-grossense Southwest (MT) 0.000078*** 

Goiano North (GO) 0.000065*** 

Mato-grossense Center-South (MT) 0.00006*** 

Goiano Northwest (GO) 0.000053*** 

Marília (SP) 0.000045*** 

Federal District (DF) 0.000026*** 

Amapá’s South (AP) 0.000012*** 

Amapá’s North (AP) 0.000006*** 

Amazonense South (AM) −0.000022*** 

Amazonense Center (AM) −0.000024*** 

Source: Author, based on IBGE [29]. Note: ***1% significance level. 
 

All 31 mesoregions presented time trends at the 1% significance level for their 
share in the Brazilian agricultural seeded area for the period 1995-2019. Most of 
them have positive time trends, although Amazonense South (AM) and Amazo-
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nense Center (AM) show negative time trends. It must be noted that these two 
mesoregions are contiguous spaces in Brazilian territory. 

In terms of time trend values, higher positive values are concentrated in the 
Center-West region; that is, in Mato-grossense North (MT), Mato-grossense 
Northeast (MT), and Mato Grosso do Sul Southwest (MS); while Goiano South 
(GO), Extreme West Bahia (BA), Piauiense Southwest (PI), and Maranhense 
South (MA) comprise the second group in this aspect. These seven mesoregions 
had an impact on Brazil’s average trends. 

In the Mato Grosso (MT) state, soybean expansion is strongly associated with 
the presence of other soybean fields and warehouses within 50 - 100 km, and 
smart logistics investments are crucial for regional development with environ-
mental protection [23]. 

Regarding the Bahia (BA), Piauí (PI), and Maranhão (MA) states, they belong to 
the Brazilian Northeast Region, which includes water restriction areas in tropical 
drylands. Further, to achieve groundwater, food, and long-term energy security, 
agricultural landscapes in tropical drylands require more conservation (including 
the restoration of degraded areas), more diversification of agriculture practices, 
and better integration of individual initiatives at a larger spatial scale [10]. 

Moreover, another group can be highlighted according to the results in Table 
4. Triângulo Mineiro/Paranaíba Upstream (MG), São José do Rio Preto (SP), 
Mato-grossense Southeast (MT), Goiano East (GO), Tocantins Eastern (TO), Pre-
sidente Prudente (SP), Mato Grosso do Sul Center-North (MS), and Tocantins 
Western (TO) presented positive time trends in the [0.0002, 0.0004] interval. From 
the same perspective, Paranaense Northwest (PR), Minas Northwest (MG), 
Araçatuba (SP), Rio-grandense Center-Western (RS), Rio-grandense Southwest 
(RS), and Itapetininga (SP) embrace relatively lower positive time trends in the 
[0.0001, 0.0002] interval. 

Although the estimated values are relatively small, they can exert a substantial 
long-term effect on the mesoregion share in the Brazilian agricultural seeded 
area. Knowing the expansion of the Brazilian area locations is quite important 
for adjusting and supporting the respective public policies in terms of infra-
structure4, such as credit supply, technical assistance, and education for farmers. 

Additionally, according to Pivoto et al. [16], the use of information and commu-
nication technology in farm management requires continuous education for farmers 
at all scales [16]. This process can produce a pack of productivity, profitability, and 
conservation of natural resources, but can also demand a higher production scale. 

These results support the recent expansion of Brazilian agricultural frontier 
land in areas of the GO, MS, and MT states beyond the areas of MA, PI, and the 
BA states and the northern and eastern areas of the Tocantins state. The corres-
ponding mesoregions expanded the limits of temporary crop areas in Brazil 
during the period 1995-2019. 

 

 

4Cropper, Puri, and Griffiths [41] and Chomitz and Gray [42] have emphasized the role of roads in 
making access to markets easier. 
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4.3. Cluster Analysis of the Selected Mesoregions in the Brazilian 
Agricultural Area 

This section discusses some dispersion measures for the preparation of the clus-
tering procedure to select the appropriate hierarchical agglomerative method. 
The greater the dispersion measures, the more appropriate is the single linkage 
method, which is appropriate when observations are distant from each other. 
The smaller the dispersion measures, the more appropriate is the complete lin-
kage method, which is suitable when observations are near each other. 

The data included only 31 mesoregions selected according to the previous 
methodological steps. Table 5 presents two dispersion measures. The first is the  

 
Table 5. SD and R for selected mesoregions share in Brazilian agricultural area. 

Year Standard Deviation (SD) Range (R) 

1995 0.010 0.04 

1996 0.010 0.04 

1997 0.011 0.05 

1998 0.013 0.05 

1999 0.014 0.06 

2000 0.014 0.06 

2001 0.015 0.07 

2002 0.016 0.07 

2003 0.017 0.08 

2004 0.018 0.09 

2005 0.020 0.10 

2006 0.019 0.09 

2007 0.019 0.09 

2008 0.020 0.10 

2009 0.019 0.10 

2010 0.020 0.10 

2011 0.021 0.10 

2012 0.023 0.12 

2013 0.024 0.13 

2014 0.024 0.12 

2015 0.025 0.13 

2016 0.025 0.13 

2017 0.026 0.14 

2018 0.026 0.14 

2019 0.027 0.15 

Source: Author, based on IBGE [29]. 
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standard deviation (SD) for the selected mesoregions share (Shi) in the Brazilian 
agricultural seeded area from 1995-2019. Second, the range (R) for the selected 
mesoregions share in the agricultural area from to 1995-2019. R measures the dif-
ference between the maximum and minimum shares in the Brazilian agricultural 
seeded area among the selected mesoregions for each year from 1995 to 2019.  

According to both measures, there was an increasing trend5 over the 
1995-2019 period. This indicates an increasing dispersion and range in the se-
lected mesoregions’ share in the agricultural seeded area for 1995-2019. Based on 
these results, the single linkage method was used to cluster the mesoregions. 

4.3.1. The Clustering Analysis Procedure 
The clustering analysis was based on the time trends obtained in the first two 
methodological steps, and the single linkage hierarchical agglomerative method 
was used to create a dendrogram according to Figure 1, which is a branching  

 

 
Figure 1. Dendrogram for the selected mesoregions. 

 

 

5The Spearman coefficient correlation test for these series indicates a trend over time. When calcu-
lated in a linear version, both are significant at the 1% level. 
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diagram representing a hierarchy of categories based on the degree of similarity 
or number of shared characteristics by a group of individuals in a set, commonly 
used in clustering analysis. 

Figure 1 suggests that there are 12 subgroups of mesoregions based on simi-
larities in their trends of area expansion during the period 1995-2019. These 
subgroups arise from jumps in the dissimilarity measures (Euclidean distance) 
presented on the x-axis. The subgroups are: 
• Amazonense Center and Amazonense South 
• Federal District, Amapá’s South, and Amapá´s North 
• Mato-grossense Southwest, Marília, Goiano North, Mato-grossense Cen-

ter-South, and Goiano Northwest 
• Minas Northwest, Araçatuba, Paranaense Northwest, and Rio-grandense 

Center-Western 
• Presidente Prudente, Mato Grosso do Sul Center-North, and Tocantins 

Western 
• Rio-grandense Southwest and Itapetininga 
• Mato-grossense Southeast, Goiano East, Tocantins Eastern, Paranaíba Upstream, 

and São José do Rio Preto 
• Piauiense Southwest and Maranhense South 
• Extreme West Bahia 
• Goiano South 
• Mato Grosso do Sul Southwest and Mato-grossense Northeast 
• Mato-grossense North 

Additionally, if k = 12, the k-means non-hierarchical agglomerative method 
can also be used. Thus, it is possible to compare the results obtained using the 
two methods. Table 6 shows the results for the single linkage hierarchical ag-
glomerative method (cluster) and the k-means non-hierarchical agglomerative 
method when k = 12, as shown in Figure 1. 

The results in Table 6 allow us to discuss at least four points. Firstly, by the 
hierarchical procedure, ten mesoregions belong to the same cluster (cluster 12), 
comprising a group of non-contiguous areas formed by mesoregions dispersed 
throughout the Brazilian territory. Conforming to the hierarchical procedure, 
seven mesoregions are clusters by themselves; that is, Mato-grossense North, 
Mato-grossense Northeast, Mato Grosso do Sul Southwest, Goiano South, Ex-
treme West Bahia, Maranhense South, and Piauiense Southwest. 

Most of these areas were located at the borders of the Amazon region. Re-
garding the environmental concerns, some strategies have been employed to 
achieve better results. As stated by Abman and Carney [15], there is some evi-
dence that increasing the intensive margin of tenure (holding constant the ex-
tensive tenure) decreases deforestation. The authors studied the case of Vietnam 
and found that increases in crop production and land investment associated with 
holding land title are driven by the intensive margin, as well as obtaining some 
evidence that increasing the intensive margin of tenure (holding constant the  
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Table 6. Mesoregions clusters according to the hierarchical and k-means non-hierarchical 
agglomerative methods. 

Hierarchical (cluster) K-means (non-hierarchical) 

Mesoregion Group Mesoregion Group 

Mato-grossense North 1 Amazonense South 1 

Mato-grossense Northeast 2 Amazonense Center 1 

Mato Grosso do Sul Southwest 3 Tocantins Eastern 2 

Goiano South 4 Mato-grossense Northeast 3 

Extreme West Bahia 5 Mato Grosso do Sul Southwest 3 

Maranhense South 6 Mato-grossense North 4 

Piauiense Southwest 7 Maranhense South 5 

Tocantins Eastern 8 Piauiense Southwest 5 

Goiano East 8 Amapá’s North 6 

São José do Rio Preto 8 Amapá’s South 6 

TM/Paranaíba Upstream 8 Federal District 6 

Mato-grossense Southeast 8 Extreme West Bahia 7 

Itapetininga 9 Goiano South 8 

Rio-grandense Southwest 9 Goiano Northwest 9 

Tocantins Western 10 Mato-grossense Center-South 9 

Mato Grosso do Sul Center-North 10 Goiano North 9 

Presidente Prudente 10 Marília 9 

Araçatuba 11 Mato-grossense Southwest 9 

Paranaense Northwest 11 Tocantins Western 10 

Rio-grandense Center-Western 11 Mato Grosso do Sul Center-North 10 

Minas Northwest 11 Araçatuba 10 

Amapá’s North 12 Presidente Prudente 10 

Amapá’s South 12 Paranaense Northwest 10 

Goiano Northwest 12 Minas Northwest 10 

Mato-grossense Center-South 12 Rio-grandense Center-Western 11 

Goiano North 12 Itapetininga 11 

Marília 12 Rio-grandense Southwest 11 

Mato-grossense Southwest 12 Goiano East 12 

Federal District 12 São José do Rio Preto 12 

Amazonense South 12 TM/Paranaíba Upstream 12 

Amazonense Center 12 Mato-grossense Southeast 12 

Source: Author, based on IBGE [29]. 
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extensive tenure) decreases deforestation. 
Furthermore, institutional aspects are key to managing this process. In the 

United States, agricultural policy exerts substantial influence on cropland areas 
through the administration of the Conservation Reserve Program (CRP) [14]. 
Accordingly, the seriousness and precariousness of the protection of the Brazili-
an Amazon undesignated public forests (UPF), the rapid conversion of forests 
outside these areas, and increased flexibility in land policies call for the imme-
diate identification of these areas for some form of conservation to avoid irre-
parable damage to the world’s largest rainforest [19]. 

The fundamental question then is addressing land property consolidation in 
the Amazon areas, which can require specific and simultaneous public policy ac-
tions. In agreement with Stabile et al. [18], this includes providing quality tech-
nical assistance to small farmers that could help them better align production 
practices with local opportunities, increase household income and improve live-
lihoods, and reduce deforestation pressure. For these authors, in larger areas like 
the Amazon, for example, small farmers occupy a large swath and often lack 
access to technical assistance, production technology, and markets. In line with 
this argument, technologies like intercropping, smart farming, and lives-
tock-farming-forest techniques are also useful for reducing forest impact and 
degradation. 

Second, according to the k-means non-hierarchical procedure, the mesore-
gions were more evenly distributed than in the hierarchical procedure (cluster). 
However, four mesoregions are clusters by themselves: Tocantins Eastern, Ma-
to-grossense North, Extreme West Bahia, and Goiano South. According to both 
procedures, these mesoregions seem to present specific dynamics in terms of 
Brazilian agricultural expansion for temporary crops. 

Third, regardless of the clustering procedure, some mesoregions clustered to-
gether; for example, Goiano East, São José do Rio Preto, TM/Paranaíba Up-
stream, and Mato-grossense Southeast; Itapetininga, and Rio-grandense South-
west; Tocantins Western, Mato Grosso do Sul Center-North, and Presidente 
Prudente; Araçatuba, Paranaense Northwest, and Minas Northwest; Goiano 
Northwest, Mato-grossense Center-South, Goiano North, Marília, and Ma-
to-grossense Southwest; and Amapá’s North, Amapá’s South and Federal Dis-
trict. In many of these groups, geographically distant mesoregions had similar 
trends in agricultural area expansion for temporary crops from 1995 to 2019. 

Finally, the k-means procedure seemed to be more suitable than the hierar-
chical procedure, as it identified more distributed mesoregions based on their 
trends of agricultural area expansion for temporary crops. Moreover, contiguous 
areas such as Amapá’s North and South and Amazonense Center and South be-
longed to the same clusters in both procedures. 

The results presented in Table 6 were used to verify whether the clusters dis-
played different means for their trends in agricultural area expansion. Table 7 
presents the corresponding results. Since the critical F-test value is 3.36 at the 1%  
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Table 7. F-test results for the clustering procedures. 

Procedure F-test 

Hierarchical procedure (cluster) 4213.6*** 

Non-hierarchical procedure (k-means) 3900.5*** 

Source: Author, based on IBGE [29]. Note: ***1% significance level. 
 

 
Source: Author, based on IBGE [29]. 

Figure 2. Highlighted areas in Brazilian agricultural area expansion (1995-2019). 
 

significance level, they confirmed that the clusters displayed different means. 
In summary, Figure 2 highlights the main results discussed thus far. It shows 

the main expanding mesoregions according to the measured crops and combines 
the results from Table 4 and Table 6 in terms of top mesoregions, a second lead-
ing group, and northern highlighted areas in Brazilian agricultural mesoregions. 

5. Concluding Remarks 

Knowing which areas comprise the Brazilian agricultural frontier is vital for im-
proving the public policies and logistics infrastructure decisions. Equally, private 
actors linked to agricultural inputs can also employ such information to model 
their local operation strategies. Therefore, this study aimed to measure and map 
agricultural area expansion for temporary crops in Brazil from 1995 to 2019 at 
the mesoregion level. 

The Center-West mesoregions showed higher positive trend values for their 
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share in Brazilian agricultural areas, more specifically, in Mato-grossense North 
(MT), Mato-grossense Northeast (MT), Mato Grosso do Sul Southwest (MS), 
and Goiano South (GO). Concurrently, Extreme West Bahia (BA), Piauiense 
Southwest (PI), and Maranhense South (MA) composed a second group to be 
emphasized. All of them presented positive time trends in the interval [0.000425; 
0.00438] and lead the Brazilian agricultural area expansion for temporary crops. 

Most of these areas are on the borders of the Amazon region, and some strat-
egies have been discussed to achieve better environmental results, such as in-
creasing the intensive margin of tenure, institutional strengthening (identifica-
tion of undesignated public forests to some form of conservation, and applica-
tion of land consolidation) to overcome the powerless structure for controlling 
and monitoring frontier agricultural areas in Brazil, additionally, providing 
quality technical assistance for small farmers. Mutatis mutandis, these strategies 
are also welcome to frontier agricultural areas in MATOPIBA’s savannas and 
drylands. 

Other highlighted areas include Triângulo Mineiro/Paranaíba Upstream 
(MG), São José do Rio Preto (SP), Mato-grossense Southeast (MT), Goiano East 
(GO), Tocantins Eastern (TO), Presidente Prudente (SP), Mato Grosso do Sul 
Center-North (MS), and Tocantins Western (TO). They presented positive time 
trends in the [0.000230; 0.000367] interval. 

Notwithstanding, this group is near the southeastern regions and benefits 
from better logistic support conditions vis-à-vis the northern mesoregions and 
those from Maranhão, Tocantins, Piauí, and Bahia states. Regarding these states, 
the mesoregions featured here can benefit from railway expansion and consoli-
dation; for example, the North-South and West-East integration railways. 

The k-means non-hierarchical clustering method seemed to be more appro-
priate because its mesoregions were more evenly distributed than in the hierar-
chical procedure (cluster). Even so, according to both procedures, three mesore-
gions constitute clusters by themselves: Mato-grossense North (MT), Extreme 
West Bahia (BA), and Goiano South (GO). All of them presented a geometrical 
growth rate of 3.90% to 7.50% along the evaluated time, values substantially 
above the geometrical growth rate of 2.0% for all Brazilian mesoregions. Thus, 
they seem to present specific dynamics in terms of Brazilian agricultural expan-
sion for temporary crops. 

Regardless of the clustering procedure, several mesoregions clustered togeth-
er. In many of these groups, geographically distant mesoregions had similar 
trends for their share in Brazilian agricultural area expansion for temporary 
crops from 1995 to 2019, which represents a puzzle and opens space for exten-
sions of this study. 

Moreover, further extensions can explore at least three other potential aspects. 
First, reproducing the study for permanent crops and comparing the results with 
those found here. Second, overlapping biome and infrastructure databases with 
the top mesoregions cited above. Finally, a top-down analysis targeting microre-
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gions or municipalities in the mesoregions that have already been identified. 
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