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Abstract 
Purpose – Resources provided by The Northern Brazilian Constitutional Financing Fund (FNO) aim to 
promote regional development to economically and socially backward regions through subsidized financial 
resources for economic activities, including agriculture. This study aims to determine whether rural credit and 
the FNO were able to produce structural changes in the distribution of financial resources and thus contribute 
to economic growth in Northern Brazilian municipalities.  

Design/methodology/approach – This paper used inequality indexes and the Local Indicator of Spatial 
Association to verify the credit concentration and the spatial presence of clusters. To analyze the role of credit 
in promoting agricultural growth, this paper estimated an ordinary least squares regression with panel data for 
450 municipalities during 1995–2017.  

Findings – The results highlighted that rural credit, including the FNO, is essential to incentivizing 
agricultural production and increasing rural income. However, the financial resources are mostly captured by a 
small share of municipalities, spatially clustered in the expanding agricultural frontier of Pará, Tocantins and 
Rondônia states. Low-Low clusters are mainly present in the Western Amazonian region and are subject to 
structural and institutional constraints that reduce their demand for credit. The FNO resources proved 
insufficient to reduce financial inequality between Brazil’s northern municipalities.  

Originality/value – This study demonstrates that the FNO’s policies are failing to reduce the concentration 
of financial resources in Amazonian agriculture. The results emphasize the importance of credit for 
development and, consequently, reducing inequality, which leads to a higher demand for financial resources by 
farmers. Implications include supporting economic agents with infrastructure and technical assistance, as well 
as improving farmers’ access to the banking system.  
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1. Introduction
The Brazilian agricultural frontier has expanded rapidly over the Amazon since the 1960s 
through settlements incentivized by government policies (Coelho et al., 2021; Fearnside, 2008; 
Maeda et al., 2021). Infrastructure projects have made it easier to implement activities that focus 
on large-scale use of land and capital (Schielein et al., 2021), such as agricultural commodities – 
mainly grains – and livestock (Vale et al., 2019). To support Brazilian agriculture, including in 
the Amazon region, the “Official Rural Credit” provides financial resources with subsidized 
interest rates, allowing farmers to pay production costs and make investments, thus increasing 
household productivity and income (Leite et al., 2023; Neves et al., 2020).

Despite the agricultural growth in the Amazon, Brazilian territory is characterized by 
regional differences in terms of development, with more dynamic and wealthy areas in the 
South and Southeast, and the poorest and less developed areas mainly located in Northeast 
and Northern regions (Oliveira et al., 2019). Created by the Brazilian constitution in the 
1990s, the Constitutional Financing Funds are regulated by federal law n° 7827 / 1989; a 
percentage of federal taxes are allocated yearly to these funds as a source of credit to 
stimulate investment, generating employment and income (Macedo et al., 2017). These 
funds aim to encourage the development of sustainable productive activities in rural and 
urban areas in the poorer regions, reducing the development gap between Brazilian regions.

The Northern Constitutional Financing Fund (FNO) [1] is intended to fund the seven states in 
Brazil’s Northern region, which comprises the largest portion of the Brazilian Amazon, and is 
managed by public authorities –the Deliberative Council of the Superintendencies for the 
Development of the Amazon (SUDAM), the Ministry of Integration and Regional Development 
and the Banco da Amazônia S.A–. Part of the FNO’s resources are directed to agricultural 
activities, complementing the “Official Rural Credit” through an application plan that is reviewed 
annually by the fund’s management (Banco da Amazônia, 2023). Guidelines are drawn up to 
stimulate regional development considering that even within the Northern region there is 
significant heterogeneity between municipalities, prioritizing sustainable production systems.

The Northern region has the largest territorial extension in Brazil, low population density and 
precarious infrastructure, which make it difficult to attract private investment. The FNO, therefore, 
plays an important role in reducing regional inequalities, by funding investments in many sectors 
of the economy, such as agriculture, livestock, industry, commerce, services and infrastructure. 
Oliveira et al. (2019) demonstrated that the Brazilian Constitutional Financing Funds represent 
policies that are important to regional development, creating jobs and contributing to reducing 
regional inequalities. Souza et al. (2020) identified that technological progress in Brazilian 
agriculture is closely linked to rural credit and its institutional changes over time.

Despite being important mechanisms to reduce the regional development gap, the 
efficiency of the FNO and rural credit is related to its capacity to be widely distributed among 
municipalities in the Northern region, especially in agriculture, which is present throughout a 
wide range of activities in this region. While the FNO guidelines stimulate the distribution of 
credit throughout the entire Northern region, the actual allocation of resources is dependent 
on the individual decisions of credit borrowers (farmers). Some factors may reduce the 
willingness of farmers to obtain credit, such as the distance of the municipality from the 
commercial areas, the absence of bank branches, the lack of information about rural credit, 
the inexistence of technical assistance to elaborate agricultural projects (Moreira-Dantas 
et al., 2023) and the divergencies (capital, land and available credit sources) between small 
and large farmers (Zeller and Schiesari, 2020).

Research on the distribution of FNO resources in rural areas is scarce. Some studies 
highlight the small share of the FNO destined to activities with high potential in the Amazon 
region, such as aquiculture (Araújo et al., 2015), and a concentration of funds in cattle 
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ranching and in expanding grains production (Gumiero, 2023). To provide insights into the 
FNO allocation in the Northern region, the present study focuses on three key questions:

(1) Is rural credit concentrated in a few municipalities in the Northern region of Brazil? 
(2) Is the FNO contributing to reducing rural credit concentration, particularly by 

directing resources to regions in less developed areas? and 
(3) Does rural credit promote agricultural economic growth and rural income? 

To answer these questions, we gathered data on rural credit (by source) for each municipality 
from the Brazilian Central Bank and rural data from the Brazilian Agricultural Census to 
determine whether rural credit and the FNO were able to produce structural changes in the 
distribution of financial resources and contribute to agricultural economic growth in the 
Northern region’s municipalities.

2. Material and methods
2.1 Data
Our data is presented in Table 1 and covers 450 municipalities from the seven Northern states 
(Acre, Amapá, Amazonas, Pará, Rondônia, Roraima and Tocantins), which represent more 
than 70% of Brazil’s Legal Amazon. Data on official rural credit in Brazil was obtained from 
the Brazilian Central Bank. We divided the origins of the rural credit resources into two main 
groups: the FNO, which is funded by Federal taxes; other sources, which include all other 
credit sources, except for the FNO. Data on farm households, agricultural area, rural 
employment and agricultural production value were obtained from the 1995–1996, 2006 and 
2017 Brazilian Agricultural Censuses. To analyze the period between the Censuses, we 
assumed a linear increase/decrease in the variables as a proxy. We also gathered data from 
the Agricultural Value Added to GDP and transformed to per capita to represent the mean 
rural income for each municipality. Variables in Brazilian currency were adjusted using the 
IGP-DI index from the Getúlio Vargas Foundation to the 2017 base rate.

2.2 Inequality measures
To assess the scale of inequality in the distribution of rural credit in Northern Brazil, focusing 
on the role of the FNO, we used the Gini coefficient and the Theil index (T). The agricultural 
area and the number of farmers are directly correlated with the demand for capital in rural 
production; therefore, we compared both indexes using three different weights:

Table 1. Variables and descriptive statistics (municipality level)

Variables Unit Mean SD Source

FNO Brazilian currency (m) 1.84 4.85 Central Bank of Brazil (2023)
Other 3.89 9.55
Contract Count 217.47 396.32
Varea Hectares (thousand) 96.74 129.12 IBGE (1996), IBGE (2006), IBGE (2017)
Aarea 32.88 47.08
Farms Count 1102.89 1138.65
Labor Count 4043.53 4237.12
APV Brazilian currency (thousand) 1924.92 2096.18
AGDPpc Brazilian currency, per capita 57.96 83.73 IBGE (2023)
Bank Count 1.81 7.10 Central Bank of Brazil (2023)

Source: Authors’ own work
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(1) equally distributed between municipalities; 
(2) weighted by the municipality share in total agricultural area; and 
(3) weighted by the municipality share in total number of farms. 

The Gini coefficient (Bowles and Carlin, 2020; Cowell, 2011), which measures the extent of 
deviation from the perfect distribution of the resources is presented in the following equation 
[equation (1)]:

G=
1

2n2x
∑
n

i = 1
∑
n

j = 1
jxi − xjj (1) 

Where G is the value of the Gini coefficient; n is the sample size; x is the value of the variable 
of interest (rural credit by source) for each individual. The Gini coefficient ranges from a 
perfect distribution (with a value of zero), where all individuals share an equal amount of the 
variable x, to the opposite situation, where one individual holds all resources measured by x 
(G equal to one).

Our second measure of inequality is the Theil index (T), proposed by Henri Theil, and 
based on information theory. The index is equivalent to the concept of redundancy, which is 
the subtraction of the actual entropy of the variable x from the maximum possible value of 
the x entropy [equation (2)]:

T =
1
n
∑
n

i = 1

xi
x
ln 

xi
x

� �

(2) 

The lowest value of the T index is zero (perfect equality distribution of variable x), and its 
maximum value is given by ln n. One advantage of the T index is that it is decomposable 
according to groups and subgroups between individuals. Assuming m groups, the Theil index 
is decomposed [equation (3)] in between-group (Tb) and within-group inequality (Tw):

T = ∑
m

k= 1
wk ln

wk

πk

� �

+ ∑
m

k= 1
wkTk = Tb + Tw (3) 

n

Where wk is the share of group k in the total of variable x ðwk =
∑ k

j = 1xj
n Þ∑i = 1xi

; πk the share of 
individuals in group k in the total population (πk = nk

N ) and Tk is the Theil index [equation (2)] 
calculated for each group k. The groups were the states in Northern Brazil.

2.3 Spatial data analysis
Despite inequality measures providing insights into the degree of concentration of certain 
variables, regional and local diversities, particularly surrounding agriculture in the Amazon, 
can result in a certain degree of spatial dependence between neighboring municipalities. The 
spatial data analysis (SDA) method is used to identify the presence of geographical clusters, 
outliers and other forms of grouping according to the similarities between neighboring 
municipalities. The Global Moran I [equation (4)] analyzes all municipalities simultaneously 
to determine whether the analyzed variable has a random spatial distribution (Lloyd, 2010). 
A positive Moran’s I is evidence of spatial autocorrelation, creating visible clusters of High- 
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High or Low-Low neighboring values for the analyzed variable. A negative Moran’s I shows 
a pattern of High-Low or Low-High neighboring values (Xiong et al., 2022):

I =
n
s0

∑n

i = 1∑
n

j = 1wijzizj

∑n

i = 1z
2
i

0

@

1

A (4) 

Where wij is the weight assigned to municipality i in relation to its distance from municipality 
j; zi is the difference between the observed value of the variable and its mean and s0 is the 
sum of all wij weights. The weight matrix W was obtained using the queen methodology, in 
which any municipality that has at least one point in common with its neighborhood is 
assigned the value 1, whereas the others that do not have any surrounding border or point 
have a value of 0 (Silva et al., 2022).

Even though Moran’s I can indicate whether there is spatial autocorrelation or not, 
regional patterns and clusters can still be formed. The Local Indicator of Spatial Association 
(LISA) – or Local Moran’s I – was proposed by Anselin (1995) to verify noteworthy spots of 
clusters [equation (5)]:

Ii =
zi
m2

∑
n

j = 1
wijzj (5) 

Where m2 = ∑i = 1z
2=i n. LISA values can be applied to a Moran scatterplot to identify four 

spatial autocorrelation patterns (clusters) between the municipality and its bordering 
neighbors: High-High; High-Low; Low-High; Low-Low.

n

2.4 Econometric approach
The economic factors of production – labor, capital and land – are essential components in 
agricultural development. In this manuscript we adopted the panel data ordinary least squares 
(OLS) econometric approach to examine how the agricultural production factors capital 
(rural credit, divided into FNO and other sources), land (vegetal and animal available land 
and number of farms) and labor (rural labor) influence the rural income growth [equation (6)] 
and agricultural value production [equation (7)] in Brazil’s Northern municipalities. The 
panel data analyzes the period between 1995 and 2017, and we estimated the models with two 
different cross-sections: for the 449 Northern region municipalities and reducing the cross- 
sections to 20 by grouping municipalities according to Brazilian Northern mesoregions. All 
variables were logarithmically transformed to represent the coefficients as elasticities:

ln AGDPpcit = β1 + β2ln FNOit + β2ln Otherit + β3ln Vareait
+ β4ln Aareait + β5ln Farmsit + β5ln Laborit + ϵit

(6) 

ln APVit = β1 + β2ln FNOit + β2ln Otherit + β3ln Vareait
+ β4ln Aareait + β5ln Farmsit + β5ln Laborit + ϵit

(7) 

First, we checked if the time series were affected by their own past values through panel unit 
root tests to check the stationarity of variables at level –I(0)–, where the null hypothesis 
states that there is a unit root. There are several tests to check stationarity in panel data, 
including the Levin, Lin and Chu (LLC) test (Levin et al., 2002), Im, Pesaran and Shin test 
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(IPS) (Im et al., 2003), ADF – Fisher test (ADF) and PP-Fisher test (PP) (Choi, 2001). The 
credit variables (FNO and other sources) are potentially endogenous, because there may be 
flows to more productive regions and the increase in production also increases the demand 
for financial resources. We used two instrumental variables – number of bank branches in 
each municipality (Bank) and the number of credit contracts (Contract) – in our model to 
address the potential endogeneity of the credit variables. The panel OLS estimates compared 
the fixed effects model (FEM) with the random effects model (REM) using the Hausman 
test, under the null hypothesis that the estimators do not differ substantially and the 
alternative hypothesis where the FEM is preferred.

3. Results
3.1 Rural credit inequality measures
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Figure 1. Evolution of rural credit by source in the Northern Brazilian states 

The total rural credit contracted by farmers in the Northern states rose from 2.76 bn in 1995 
(in Brazilian reais) to 27.67 bn in 2022 (a mean increase of 8.91% per year). The FNO’s 
resources grew less than other sources, going from 1.77 bn in 1995 to 8.68 bn (in Brazilian 
reais) in 2022. Despite the state of Pará having the largest share of rural credit between 1995 
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and 2006, the state of Tocantins held the largest share from 2008, whereas Rondônia 
consolidated second place in total credit in 2014 (Figure 1). The relative share in total credit 
in the states of Acre, Amazonas, Amapá and Roraima fell from 14.21% in 1995–7.49% in 
2022, showing some degree of concentration in the three most productive states.

The Northern region covers the largest area in Brazilian territory and presents 
technological and institutional heterogeneity in its municipalities, which impacts the local 
demand for rural credit. However, some agricultural productions have a naturally higher 
demand for credit, such as cattle ranching, which is prominent throughout the Northern 
region and captures the largest share of rural credit, and grains production, which requires 
large investments and high production costs. Cattle ranching and pasture accounted for 
55.3% of all agricultural credit in Northern Brazil in 2017, followed by soybean and maize 
with 19.2% of total credit.

To measure how this heterogeneity impacts credit distribution, we measured the 
inequality in resource distribution with two concentration indexes. Considering the equal 
weighting in the distribution of credit between municipalities, the Gini coefficient and Theil 
Index evidence a deconcentrating tendency between 1995 and 2009, followed by a period 
(between 2010 and 2022) with slight growth and a subsequent fall in indexes, independently 
from the resource’s origin (Figure 2).
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Figure 2. Evolution of Gini coefficient and Theil T index for rural credit in Northern Brazil 

Agricultural credit obtained by municipalities depends, regardless of policy objectives, on 
both agricultural area and number of farms in each municipality (number of credit 
borrowers). We gathered data from Brazilian Agricultural Censuses (1995, 2006 and 2017) 
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and assumed a linear increase/decrease in agricultural area and farms between intervals as 
proxy to the period. When weighting the inequality indexes in each municipality according 
to the share of available agricultural area and the share of farms, the concentration showed an 
overall decrease when compared to an equal distribution, as expected.

When weighting by the share of area, the index values were slightly lower than farms 
weighting, demonstrating that the available agricultural area is more highly correlated with 
obtaining financial resources. Another important aspect observed is that FNO resources were 
more greatly concentrated than other sources between 2001 and 2008, and between 2013 and 
2017. Despite the reduction in indexes, the overall values in all cases demonstrate a tendency 
of concentration, with values closer to one in the Gini coefficient.

We decomposed the Theil T index between (Tb) and within (Tw) subgroups. Results for 
equally distributed weight showed that the FNO was widely concentrated within states, with 
the Tw ranging between 65.3% (minimum in 2016) and 89.4% (maximum in 2008). Other 
sources of rural credit also demonstrated major concentration within states, with the Tw 
explaining between 63.8% (minimum in 2006) and 87.9% of Theil T (maximum in 2012).

Area weighting showed lower concentration indexes than other weighting methods but 
did not indicate significant differences in the decomposition of the Theil T index, with Tw 
ranging from 68.9% to 95.7%. Farms weighting presented similar results with equal 
distribution in terms of concentration, and the Theil decomposition (Tw) of total credit 
explained between 81.5% and 95.7% of the Theil T index.

3.2 Spatial rural credit concentration
Although the Gini coefficient and Theil T demonstrated an initial tendency of reduction, this 
process reversed from 2013. Analyzing the FNO resources, if most of the Fund is directed at 
less developed municipalities – and is the cause of concentration –, its objective, to develop 
more socially and economically backward areas, can be partially fulfilled. To test this 
hypothesis, we also verified the spatial autocorrelation of rural credit using the Moran’s I 
statistic (Figure 3). As with the inequality indexes, Moran’s I statistic increased over time, 
meaning that despite the source, rural credit became more spatially concentrated. To 
determine the existence of important regional clusters, we estimated the LISA.
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Figure 3. Moran’s I statistic 

The LISA results showed that other sources of rural credit have more municipalities than 
the FNO that are significantly allocated into clusters (Table 2). In the High-High clusters, the 
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FNO resources showed less municipalities, rising from 19 to 29 between 1995 and 2022. The 
other sources increased from 9 to 62 municipalities in the same period. The Low-Low cluster 
exhibited a large increase in municipalities in both sources, reinforcing the spatial 
concentration of rural credit.

Table 2. Classification of Northern Brazilian municipalities according to LISA results

Credit source Cluster 1995 2006 2017 2022

FNO High-High 19 23 28 29
Low-Low 32 65 86 109
Low-High 20 14 11 7
High-Low 1 5 3 3
Not significant 378 343 322 302

Other sources High-High 9 37 70 62
Low-Low 17 77 128 126
Low-High 20 13 14 16
High-Low 8 7 2 2
Not significant 396 316 236 244

Source: Authors’ own work
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Analyzing the LISA results (Figure 4), both the FNO and other sources showed High- 
High municipalities concentrated in the southeast of the state of Pará between 1995 and 
2006, with cattle ranching as the predominant activity. Over the years, the High-High cluster 
in Pará partially migrated to Tocantins and Rondônia. In 2006, 10 municipalities were in both 
the FNO and other sources High-High clusters, and these municipalities made up 12.03% of 
total credit. The number of municipalities in both High-High clusters increased to 22 
municipalities in 2017 and 2022 (4.9% of Northern region municipalities), and this group 
obtained 20.85% and 17.93% of total credit in 2017 and 2022, respectively.

On the other hand, Low-Low clusters are clearly present in Acre, Amapá, Amazonas and 
in municipalities in the North of the Pará state, independent of the financial source. The area 
covering the Low-Low cluster increased substantially over the years, which also intersects 
some of the lesser developed regions in the Brazilian Amazon. High-Low municipalities are 
dispersed throughout the Northern region in the period analyzed, and Low-High 
municipalities mainly occurred near High-High spots.

Financial institutions intermediate the credit with farmers, and for the Northern region, 
particularly concerning FNO resources, the Banco da Amazônia S.A. is the main economic 
agent. Data from 2006 demonstrates that branches of the Banco da Amazônia S.A. were 
found in just 71 municipalities in the Northern region. After 10 years (December 2017), the 
number of municipalities with a Banco da Amazônia S.A branch had marginally increased to 
89 (some municipalities may have more than one branch). The states of Roraima and Amapá 
have the lowest number of branches and municipalities, whereas Pará and Tocantins have the 
highest (Table 3), corroborating with the Low-Low clusters allocation.

3.3 Econometric model
The role of agriculture in the Brazilian economy can be extended to local development, as 
many regions are highly dependent on agricultural production. Consequently, rural credit 
plays an important role in incentivizing investments, increasing productivity and raising rural 
income. Our econometric approach aimed to investigate if the sources of rural credit, 
agricultural area, number of farms and rural employment affect the Agricultural Production 
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Value (APV) and the Agricultural Added Value to GDP per capita (AGDPpc). The panel unit 
root tests confirmed that the series are stationary in level (Table 4).

Figure 4. Clusters of rural credit in Northern Brazilian municipalities – LISA results 

The panel models were estimated considering the municipalities as the cross-sections. We 
also grouped the municipalities in mesoregions to reduce the number of cross-sections in a 
second estimation. Comparing the REM with FEM models, the Hausman test failed to reject 
the null hypothesis – except at the municipality level for the APV dependent variable – and 
the REM was preferred in our analysis (Tables 5 and 6).

As expected, rural credit, independently from the source, showed a positive and 
significant coefficient, confirming its role in increasing agricultural production value. Table 5
reports that an increase of 1% in FNO and Other Sources of credit at the municipal level 
raises APV by 0.015% and 0.039%, respectively. At the mesoregion level, the elasticities are 
0.031% and 0.060%, respectively, for FNO and other sources. When analyzing rural income 
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(Table 6), the FNO resources showed a positive and significant effect in both cross-sections 
models – a 1% increase in FNO credit results in a 0.069% and 0.042% growth in Agricultural 
Added Value to GDP per capita for municipality and mesoregion respectively –, confirming 
the importance of this resource to develop rural areas in the Northern region. Nevertheless, 
other sources of rural credit coefficient are positive at the municipality level and negative 
when estimated to mesoregions.

Table 3. Number of branches of Banco da Amazônia S.A. in the Northern Brazilian states

State 2006 2017 Municipalities

AC 8 9 22
AM 9 12 62
AP 2 3 16
PA 36 42 144
RO 8 14 52
RR 2 2 15
TO 12 17 139
Total 77 99 450

Source: Authors’ own work with data from Central Bank of Brazil (2023)
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The number of farms and vegetal production areas presented positive and significant 
effects in all cases, except for the municipality rural income model (coefficient not 
significant). Inversely, the animal production area presented a negative effect on rural 
income, with elasticities of −0.034% and −0.438%, respectively, for municipality and 
mesoregion. The results for the rural employees’ variable are not significant in any model.

4. Discussion
4.1 Concentration of rural credit in Northern Brazil
In each municipality, the total credit obtained annually is the sum of the farmers’ formalized 
contracts, which is influenced by several variables (e.g. willingness to obtain credit, 
production characteristics, distance from markets, presence of agency branches and technical 
assistance). An uneven distribution of rural credit to more developed regions is anticipated, 
considering the structural and institutional differences between municipalities in the region 
as well as over time, due to market volatility and activities shifting through the territory. 
However, considering the FNO program that prioritizes low-income areas, unequal 
distribution is expected in such locations and total rural credit distribution will be less 
unequal as a result of policy guidelines.

Our results confirmed that despite a trend of decreasing inequality indexes, credit 
remained concentrated in certain municipalities, particularly those in productive clusters. 
The reduction in concentration was mainly due to the expansion of agricultural activities, 
especially grains, into more municipalities in Tocantins, Rondônia and Southeast Pará, 
increasing the demand for financial resources rather than improving credit access for less 
favored municipalities. The inequality indexes also demonstrate that the concentration in the 
more productive clusters includes the FNO program, despite the opposite being expected due 
to the program prioritizing low-income regions. In the expanding agricultural frontier, High- 
High clusters were formed, largely concentrating on rural credit, which explains the rise in 
Moran’s I statistics over time. The spatial influence of agricultural production is therefore 
important to understand the dynamics of credit concentration, as proved by Zhu et al. (2021).
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Table 5. Panel models estimation. Dependent: Agricultural Production Value (APV)

Municipality MesoregionCross-section
Model FEM REM FEM REM

Variables constant 4.673** 2.545**
Coefficients FNO 0.006 0.015* 0.563 0.031*

Other 0.048** 0.039** −0.444 0.060**
Varea 0.011 0.022** 0.082 0.136**
Aarea 0.078** 0.074** 0.395 0.021
Farms 0.677** 0.699** 2.017 0.765**
Labor −0.060** −0.052 2.067 −0.008

R² 0.370 0.417 0.008 0.851
F-statistic 5059.12** 6111.65** 9.059 2622.48**
Hausman test 38.115 ** 0.704

Notes: ** = significant at 1%; * = significant at 5% 
Source: Authors’ own work

Table 6. Panel models estimation. Dependent: Agricultural Added Value to GDP per capita 
(AGDPpc)

Municipality MesoregionCross-section
Model FEM REM FEM REM

Variables constant 7.221** −3.285**
Coefficients FNO −0.094** 0.069** −4.758 0.042*

Other 0.124** 0.093** 4.306 −0.105**
Varea −0.055** −0.036 1.095 0.316**
Aarea 0.044** −0.034** −4.565 −0.438**
Farms −0.107 −0.027 −9.910 0.639**
Labor 0.006 −0.009 −20.496 −0.065

R² 0.451 0.485 0.024 0.304
F-statistic 79.469 107.702 0.042 245.615
Hausman test 2.630 0.100

Notes: ** = significant at 1%; * = significant at 5% 
Source: Authors’ own work

JFEP 
17,5    

692  

A cattle ranching is the dominant agricultural activity in the Brazilian Amazon and is 
prevalent in most municipalities in the northern region. Despite their widespread presence, 
the largest cattle herds are concentrated in a small group of municipalities in Pará and 
Rondônia. Santos et al. (2017) identified traditional farming systems in Amazonian 
livestock, with extensive areas and low innovation levels, which still rely on capital for 
pasture and animal supplementation. Consequently, rural credit is directed at these 
economically influential locations with a high demand for financial resources, as observed in 
the High-High clusters in 1995 and 2006, corroborating the results of Sousa et al. (2020).

Moreover, High-High clusters with predominant cattle ranching include municipalities 
such as São Félix do Xingu, Porto Velho, Novo Progresso and Marabá, which have higher 
deforestation rates (Levy et al., 2018). This aligns with the literature identifying cattle 
ranching as a primary driver of deforestation in the Amazon (Müller-Hansen et al., 2019; 
Santos et al., 2021). In this context, the FNO may directly fund unsustainable activities or 
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indirectly contribute via the “dragging effect” (Fearnside, 2001), exacerbating regional 
deforestation. However, as Assunção et al. (2020) noted, Brazilian institutions implemented 
changes post-2008 to reduce deforestation, including rural credit constraints that had a 
greater impact on cattle ranching than crop production. Therefore, future studies could 
analyze how credit impacts deforestation in High-High clusters.

The institutional change in credit may have contributed to the displacement of High-High 
clusters between 2006 and 2017, partially shifting from areas of cattle ranching to the 
expanding production of grains, mainly soybean and maize, in Rondônia (e.g., Vilhena, 
Corumbiara), Eastern Pará (e.g., Paragominas, Santana do Araguaia) and Tocantins, as part 
of the emerging group of MATOPIBA states (Araújo et al., 2019). Grains have 
characteristics of economies of scale, with high costs of production and demand for 
investments (Cacho, 2016; Rodrigues and Campos, 2019), demanding more credit per area 
than cattle ranching and other regional activities. The inequality indexes showed lower 
values of concentration when weighted by the share of area, supporting the fact that 
municipalities with a large agricultural area (characteristic of cattle ranching and soybean 
production in Brazil’s Amazon) demand higher volumes of credit, especially in High-High 
clusters.

4.2 Determinant factors of credit inequality in Low-Low clusters
The Low-Low clusters of rural credit increased in municipalities throughout the two decades 
analyzed and are mostly present in the less-developed areas within the Brazilian Amazon, 
especially in the states of Amapá, Acre, Amazonas, Roraima and Northern Pará. In such 
locations, the FNO credit can contribute to regional economic development, and increase 
income of rural families and farm productivity (Neves et al., 2020). However, our results 
showed that this fund was unable to reduce inequalities in credit distribution.

Some structural and institutional factors are responsible for reducing the capacity to raise 
funds by municipalities in Low-Low clusters; first, the relative absence of a widely available 
banking system, in which many municipalities does not have a bank branch. Most notably is 
the absence of the Banco da Amazônia S.A., which is not only the FNO’s fund manager but 
also one of the principal banks to supply farmers with rural credit in Northern Brazil. 
Farmers in locations that are far from bank branches lack access to information and end up 
being excluded from the credit circuit. The presence of a bank branch increases access to 
credit and supports the development of economic activities, which, as demonstrated by 
Rebello et al. (2013), are limited in municipalities in Northern Brazil and contribute to credit 
inequality. Moreira-Dantas et al.’s (2023) results also demonstrated that the network of bank 
branches influences the microcredit of small farmers in the Brazilian Amazon. Therefore, 
developing alternative means to access the banking systems is essential to reducing the credit 
gap; this may include the use of communication technologies in these areas.

Second, the agricultural area is predominantly smaller in Low-Low clusters, where the 
large share of native forest in the territory, more protected lands (Herrera et al., 2019) and 
low rates of deforestation limits the growth and expansion of agriculture. In addition to the 
lower availability of agricultural land, the predominance of activities with lower demand for 
capital when compared to those in High-High clusters impacts the demand for rural credit in 
the municipalities. In such locations, the existent activities should be enhanced through 
policies to add value to local production, either by industrial processing, or by reaching high 
value markets, as in the cases of açaí and cocoa (Braga et al., 2023; Stabile et al., 2020).

Another factor involves institutional constraints, such as excessive bad debt in some 
municipalities, leading to temporary credit suspensions, limited information available to 
farmers and the absence of formal requirements to formalize contracts (e.g. insufficient 
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assets to be pledged as collateral, farm compliance with legal titling and lack of knowledge 
or assistance to elaborate the technical project required by the bank). Such constraints have a 
greater impact on small farmers, who are (in terms of number of farms) more numerous than 
large farms in most Amazon municipalities (Ely et al., 2019). Expanding the technical 
assistance network for small farmers is important to stimulate investment and develop 
sustainable systems through rural credit resources (Bragança et al., 2022).

When the concentration indexes were weighted by the share of farms, the results 
confirmed that the increase in the number of farms is unrelated to a reduction in credit 
concentration. Stabile et al. (2020) argued that the absence of assistance, basic infrastructure 
and resources leads small farms to engage in inefficient markets and practices, where the low 
productivity is more frequently addressed by the increase in area – through deforestation – 
than by productive intensification; consequently, there is no significant increase in the 
demand for credit as the number of small farms increases.

By comparing the characteristics of the High-High clusters with those of the Low-Low 
clusters, the latter is unlikely to reduce inequality in rural credit in the short and medium 
term. According to Portugal (2017), municipalities in the state of Roraima were unable to 
absorb FNO resources planned in the period (2011–2015), due to a lack of demand, which is 
dependent on the technological, institutional and productive level of the farmers.

4.3 Rural credit, agricultural production and rural income
Brazilian rural credit is a policy that offers financial resources for agricultural activities 
throughout the national territory. The policy’s objectives include stimulating rural 
investments; fund farmers’ production costs; encourage sustainable production systems and 
increase the well-being of rural populations. In turn, one of the main objectives of the FNO is 
to fund less developed areas in the Northern Brazilian region. The panel data results confirm 
that the increase in credit allocation in municipalities and mesoregions is pivotal to 
developing agricultural production and rural income. Our findings align with Chen et al. 
(2021), who also used a panel data OLS estimation for Chinese farmers and found that 
financial resources positively contribute to rural income.

Results indicated that while expanding animal areas boosts agricultural production, it has 
a negative effect on rural income. This outcome is due to the inefficiency of cattle ranching in 
the Amazon, characterized by extensive systems with low animal density (Hamid et al., 
2023; Sparovek et al., 2018). Initially, this increases the local economy but ultimately 
reduces regional output compared to more efficient production such as with grains. This 
inefficiency highlights the need for substantial credit policy reforms to support sustainable 
agriculture and more productive cattle farming practices.

For vegetal areas, all models showed positive coefficients, indicating that expanding 
cropping areas enhances agricultural productivity. Unlike livestock farming, vegetal 
production, especially soybeans, has the potential to make a greater contribution to poverty 
reduction (Weinhold et al., 2013). However, concentrating financial resources in 
municipalities focused on crop and cattle production deviates from the FNO’s goal of 
improving regional income distribution and exacerbates disparities between developed and 
underdeveloped areas in the Amazon (Campos and Santos, 2013), therefore limiting the 
policy effectiveness.

Because rural credit resources in a municipality result from individual farmer’s decisions, 
regions with advanced agriculture and favorable conditions capture the most significant 
share, leading to higher agricultural production and rural income. Thus, the FNO resources 
can alter the economic dynamics in less developed regions. The policy, however, requires 
structural changes to encourage farmers in Low-Low clusters to seek credit. Policy measures 
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to boost credit demand in these areas include investing in logistics to enhance input and 
output flow, stimulating agroindustry to add value to local products, promoting sustainable 
production systems tailored to regional markets, improving farmer access to technical 
assistance to boost investments and labor productivity, and expanding the financial system 
using new communication technologies to reach more municipalities.

5. Conclusion
Official rural credit in Brazil is an important funding mechanism that contributes to 
agricultural production through investments and to finance production costs. Our results 
demonstrate that credit concentration indexes showed a decreasing tendency in the first 
period (between 1995 and 2009), followed by a period (between 2010 and 2022) with more 
stable distribution. This phenomenon occurred due to growth in agricultural activities in 
more municipalities of the agricultural frontier in Tocantins, Rondônia and Southern Pará, 
where the higher demand for financial resources in large scale crops and cattle ranching acted 
as a gravitational force to the flow of resources.

The High-High clusters have a greater capacity to support high value agriculture, thus 
concentrating the credit, whereas the Low-Low clusters, which are larger in area and number 
of municipalities, lack infrastructure, technology, and agricultural land, as well as presenting 
institutional constraints that reduce the demand for credit and consequently receive a small 
share of the FNO.

The panel data demonstrates that rural credit plays an important role in developing 
agricultural production and rural income, so the concentration of credit can result in a less 
efficient credit policy, especially regarding the FNO resources. However, our results showed 
that these resources are not properly contributing to reducing inequality in credit distribution 
and economic development between municipalities, because its flow is being captured by 
those municipalities and regions with consolidated large-scale agricultural production (such 
as soybean and cattle ranching).

Therefore, efforts to develop the Amazon and reduce regional disparities through the 
agricultural sector must include supplementary actions to expand access to credit by farmers 
and municipalities who currently lack certain conditions. Supporting the Low-Low 
municipalities with infrastructure in rural areas, technical assistance at the farm level, and 
increasing access to the banking system, particularly via new communication technologies, 
are all essential to economic agents, creating structural conditions to raise the demand for 
credit, and thus contributing to the generation of income in economically and socially 
backward areas. Future studies could focus on exploring how the clusters influence local 
economies, defining the determinants of credit concentration, as well as determining the 
decisions made by individuals (farmers) to obtain credit at a regional level.

Note

1. Fundo Constitucional de Financiamento do Norte.

References
Anselin, L. (1995), “Local indicators of spatial association–LISA”, Geographical Analysis, Vol. 27 

No. 2, pp. 93-115, doi: 10.1111/j.1538-4632.1995.tb00338.x.
Araújo, J.G., Santos, M.A.S., Rebello, F.K., Oliveira, C.M. and Sousa, A.D.C. (2015), “Rural credit for 

aquaculture: an analysis of the constitutional financing fund of the North of Brazil in the state of 

Journal of 
Financial 

Economic Policy  

695  

Downloaded from http://www.emerald.com/jfep/article-pdf/17/5/680/10142664/jfep-04-2024-0095en.pdf by Institut Latihan Statistik Malaysia user on 06 October 2025

http://dx.doi.org/10.1111/j.1538-4632.1995.tb00338.x


pará”, Revista Eletrônica Em Gestão, Educação e Tecnologia Ambiental, Vol. 19 No. 3, 
pp. 553-562, doi: 10.5902/2236117018996.

Araújo, M.L.S., Sano, E.E., Bolfe, É.L., Santos, J.R.N., Santos, J.S. and Silva, F.B. (2019), 
“Spatiotemporal dynamics of soybean crop in the matopiba region, Brazil (1990–2015)”, Land 
Use Policy, Vol. 80, pp. 57-67, doi: 10.1016/j.landusepol.2018.09.040.

Assunção, J., Gandour, C., Rocha, R. and Rocha, R. (2020), “The effect of rural credit on deforestation: 
evidence from the Brazilian amazon”, The Economic Journal, Vol. 130 No. 626, pp. 290-330, 
doi: 10.1093/ej/uez060.

Banco da Amazônia (2023), Plano De Aplicação De Recursos Financeiros Do Fundo Constitucional 
De Financiamento Do Norte, FNO, Banco da Amazônia, Belém.

Bowles, S. and Carlin, W. (2020), “Inequality as experienced difference: a reformulation of the gini 
coefficient”, Economics Letters, Vol. 186, p. 108789, doi: 10.1016/j.econlet.2019.108789.

Braga, D.P.P., Pokorny, B., Porro, R. and Vidal, E. (2023), “Good life in the amazon? A critical 
reflection on the standard of living of cocoa and cattle-based smallholders in pará, Brazil”, World 
Development Perspectives, Vol. 31, p. 100520, doi: 10.1016/j.wdp.2023.100520.

Bragança, A., Newton, P., Cohn, A., Assunção, J., Camboim, C., de Faveri, D. and Farinelli, B. (2022), 
“Extension services can promote pasture restoration: evidence from brazil’s low carbon 
agriculture plan”, Proceedings of the National Academy of Sciences, Vol. 119 No. 12, 
p. e2114913119, doi: 10.1073/pnas.2114913119.

Cacho, M.M.Y.T.G. (2016), “Soybean Agri-food systems dynamics and the diversity of farming styles 
on the agricultural frontier in Mato Grosso, Brazil”, The Journal of Peasant Studies, Vol. 43 
No. 2, pp. 419-441, doi: 10.1080/03066150.2015.1016917.

Campos, A.C. and Santos, M.A.S. (2013), Sistema De Indicadores De Monitoramento e Avaliação Do 
Fundo Constitucional Do Norte (FNO), Banco da Amazônia, Belém.

Central Bank of Brazil (2023), “Rural credit data matrix”, available at: www.bcb.gov.br (accessed 13 
April 2023).

Chen, S., Luo, E., Alita, L., Han, X. and Nie, F. (2021), “Impacts of formal credit on rural household 
income: evidence from deprived areas in Western China”, Journal of Integrative Agriculture, 
Vol. 20 No. 4, pp. 927-942, doi: 10.1016/S2095-3119(20)63484-0.

Choi, I. (2001), “Unit root tests for panel data”, Journal of International Money and Finance, Vol. 20 
No. 2, pp. 249-272, doi: 10.1016/S0261-5606(00)00048-6.

Coelho, A., Aguiar, A., Toledo, P., Araújo, R., do Canto, O., Folhes, R. and Adami, M. (2021), “Rural 
landscapes and agrarian spaces under soybean expansion dynamics: a case study of the santarém 
region, Brazilian amazonia”, Regional Environmental Change, Vol. 21 No. 4, p. 100, doi: 
10.1007/s10113-021-01821-y.

Cowell, F.A. (2011), Measuring Inequality, 3rd ed. Oxford University Press, Oxford.
Ely, R.A., Parfitt, R., Carraro, A. and Ribeiro, F.G. (2019), “Rural credit and the time allocation of 

agricultural households: the case of PRONAF in Brazil”, Review of Development Economics, 
Vol. 23 No. 4, pp. 1863-1890, doi: 10.1111/rode.12606.

Fearnside, P.M. (2001), “Soybean cultivation as a threat to the environment in Brazil”, Environmental 
Conservation, Vol. 28 No. 1, pp. 23-38, doi: 10.1017/S0376892901000030.

Fearnside, P.M. (2008), “The roles and movements of actors in the deforestation of Brazilian 
amazonia”, Ecology and Society, Vol. 13 No. 1, p. 23

Gumiero, R.G. (2023), “Moments in the trajectory of the state in the amazon: preamble between 
the economic integration model and the sectorial investments of the constitutional finance 
fund for the North and the amazon development fund in carajás, pará”, Revista Brasileira 
De Estudos Urbanos e Regionais, Vol. 24 No. 1, pp. 1-32, doi: 10.22296/2317-1529
rbeur.202245pt

. 
.

JFEP 
17,5    

696  

Downloaded from http://www.emerald.com/jfep/article-pdf/17/5/680/10142664/jfep-04-2024-0095en.pdf by Institut Latihan Statistik Malaysia user on 06 October 2025

http://dx.doi.org/10.5902/2236117018996
http://dx.doi.org/10.1016/j.landusepol.2018.09.040
http://dx.doi.org/10.1093/ej/uez060
http://dx.doi.org/10.1016/j.econlet.2019.108789
http://dx.doi.org/10.1016/j.wdp.2023.100520
http://dx.doi.org/10.1073/pnas.2114913119
http://dx.doi.org/10.1080/03066150.2015.1016917
http://www.bcb.gov.br
http://dx.doi.org/10.1016/S2095-3119(20)63484-0
http://dx.doi.org/10.1016/S0261-5606(00)00048-6
http://dx.doi.org/10.1007/s10113-021-01821-y
http://dx.doi.org/10.1111/rode.12606
http://dx.doi.org/10.1017/S0376892901000030
http://dx.doi.org/10.22296/2317-1529.rbeur.202245pt
http://dx.doi.org/10.22296/2317-1529.rbeur.202245pt


Hamid, S.S., Santos, M.A.S., Aguiar, A.F., Andreatta, T., Costa, N.L., Lopes, M.L.B. and Lourenço- 
Júnior, J.B. (2023), “Changes and factors determining the efficiency of cattle farming in the state 
of pará, Brazilian amazon”, Sustainability, Vol. 15 No. 13, pp. 1-18, doi: 10.3390/su151310187.

Herrera, D., Pfaff, A. and Robalino, J. (2019), “Impacts of protected areas vary with the level of 
government: comparing avoided deforestation across agencies in the Brazilian amazon”, 
Proceedings of the National Academy of Sciences, Vol. 116 No. 30, pp. 14916-14925, doi: 
10.1073/pnas.1802877116.

Im, K.S., Pesaran, M.H. and Shin, Y. (2003), “Testing for unit roots in heterogeneous panels”, Journal 
of Econometrics, Vol. 115 No. 1, pp. 53-74, doi: 10.1016/S0304-4076(03)00092-7.

Leite, F.N.S., Castro, E.R.D. and Tateishi, H.R. (2023), “Regional impacts of rural credit and rural 
insurance policies on crop area and productivity: evidence from são paulo state, Brazil (2008 and 
2017)”, Agricultural Finance Review, Vol. 83 No. 2, pp. 352-374, doi: 10.1108/AFR-02-2022- 
0024.

Levin, A., Lin, C.-F. and James Chu, C.-S. (2002), “Unit root tests in panel data: asymptotic and finite- 
sample properties”, Journal of Econometrics, Vol. 108 No. 1, pp. 1-24, doi: 10.1016/S0304-4076 
(01)00098-7.

Levy, M.C., Lopes, A.V., Cohn, A., Larsen, L.G. and Thompson, S.E. (2018), “Land use change 
increases streamflow across the arc of deforestation in Brazil”, Geophysical Research Letters, 
Vol. 45 No. 8, pp. 3520-3530, doi: 10.1002/2017GL076526.

Lloyd, C.D. (2010), Spatial Data Analysis: An Introduction for GIS Users, Oxford University Press Inc, 
New York, NY.

Macedo, F., Pires, M. and Sampaio, D. (2017), “25 Years of the Brazilian constitutional financing fund: 
advances and challenges in the light of the national policy for regional development”, EURE 
(Santiago), Vol. 43 No. 129, pp. 257-277.

Maeda, E.E., Abera, T.A., Siljander, M., Aragão, L.E.O.C., Moura, Y.M. and Heiskanen, J. (2021), 
“Large-scale commodity agriculture exacerbates the climatic impacts of amazonian 
deforestation”, Proceedings of the National Academy of Sciences, Vol. 118 No. 7, 
p. e2023787118, doi: 10.1073/pnas.2023787118.

Moreira-Dantas, I.R., Martínez-Zarzoso, I., Henning, C. and Souza dos Santos, M.A. (2023), “Rural 
credit acquisition for family farming in Brazil: evidence from the legal amazon”, Journal of 
Rural Studies, Vol. 101, p. 103041, doi: 10.1016/j.jrurstud.2023.103041.

Müller-Hansen, F., Heitzig, J., Donges, J.F., Cardoso, M.F., Dalla-Nora, E.L., Andrade, P. and Kurths, J. 
(2019), “Can intensification of cattle ranching reduce deforestation in the amazon? Insights from 
an agent-based Social-Ecological model”, Ecological Economics, Vol. 159, pp. 198-211, doi: 
10.1016/j.ecolecon.2018.12.025.

Neves, M. D C.R., Freitas, C.O., Silva, F. D F., Costa, D.R. D M. and Braga, M.J. (2020), “Does access 
to rural credit help decrease income inequality in Brazil?”, Journal of Agricultural and Applied 
Economics, Vol. 52 No. 3, pp. 440-460, doi: 10.1017/aae.2020.11.

Oliveira, G.R., Resende, G.M., Silva, D.F.C. and da Gonçalves, C.N. (2019), “Micro-impacts of the 
Brazilian regional development funds: does lending size matter?”, Review of Development 
Economics, Vol. 23 No. 1, pp. 293-313, doi: 10.1111/rode.12539.

Portugal, R. (2017), “Regional policy beyond North constitutional fund (FNO): the roraimas 5%”, 
Revista Política e Planejamento Regional, Vol. 4 No. 1, pp. 53-74.

Rebello, F.K., Homma, A.K.O., Santos, M.A.S. and Correa, R.R. (2013), “Crédito rural e rede bancária 
no Nordeste Paraense: evolução e concentraçço espacial, 2000-2010”, Sociedade e 
Desenvolvimento Rural, Vol. 7 No. 1, pp. 92-105.

Rodrigues, M. and Campos, I. (2019), “Soybean cropping by family farmers: a new institutional path 
for rural development in Brazilian Central-West”, Italian Review of Agricultural Economics, 
Vol. 74 No. 22, pp. 29-39, doi: 10.13128/rea-10851.

Journal of 
Financial 

Economic Policy  

697  

Downloaded from http://www.emerald.com/jfep/article-pdf/17/5/680/10142664/jfep-04-2024-0095en.pdf by Institut Latihan Statistik Malaysia user on 06 October 2025

http://dx.doi.org/10.3390/su151310187
http://dx.doi.org/10.1073/pnas.1802877116
http://dx.doi.org/10.1016/S0304-4076(03)00092-7
http://dx.doi.org/10.1108/AFR-02-2022-0024
http://dx.doi.org/10.1108/AFR-02-2022-0024
http://dx.doi.org/10.1016/S0304-4076(01)00098-7
http://dx.doi.org/10.1016/S0304-4076(01)00098-7
http://dx.doi.org/10.1002/2017GL076526
http://dx.doi.org/10.1073/pnas.2023787118
http://dx.doi.org/10.1016/j.jrurstud.2023.103041
http://dx.doi.org/10.1016/j.ecolecon.2018.12.025
http://dx.doi.org/10.1017/aae.2020.11
http://dx.doi.org/10.1111/rode.12539
http://dx.doi.org/10.13128/rea-10851


Santos, A.M., Silva, C.F.A., Almeida Junior, P.M., Rudke, A.P. and Melo, S.N. (2021), “Deforestation 
drivers in the Brazilian amazon: assessing new spatial predictors”, Journal of Environmental 
Management, Vol. 294, p. 113020, doi: 10.1016/j.jenvman.2021.113020.

Santos, M.A.S., Lourenço Júnior, J.B., Santana, A.C., Homma, A.K.O., Andrade, S.J.T. and Silva, A.G. 
M. (2017), “Cattle technological level characterization in Brazilian amazon”, Amazonian 
Journal of Agricultural and Environmental Sciences, Vol. 60 No. 1, pp. 103-111, doi: 10.4322/ 
rca.60103.

Schielein, J., Ponzoni Frey, G., Miranda, J., Souza, R.A.D., Boerner, J. and Henderson, J. (2021), “The 
role of accessibility for land use and land cover change in the Brazilian amazon”, Applied 
Geography, Vol. 132, p. 102419, doi: 10.1016/j.apgeog.2021.102419.

Silva, G.S.D., Amarante, P.A. and Amarante, J.C.A. (2022), “Agricultural clusters and poverty in 
municipalities in the northeast region of Brazil: a spatial perspective”, Journal of Rural Studies, 
Vol. 92, pp. 189-205, doi: 10.1016/j.jrurstud.2022.03.024.

Sousa, S.B., Ferreira Junior, L.G., Miziara, F. and Morais, H.A. (2020), “Crédito rural no brasil: 
evolução e distribuição espacial (1969–2016)”, Confins, Vol. 45, p. 29836, doi: 10.4000/ 
confins.29836.

Souza, G., Gomes, E.G., Alves, E.R. D A. and Gasques, J.G. (2020), “Technological progress in the 
Brazilian agriculture”, Socio-Economic Planning Sciences, Vol. 72, p. 100879, doi: 10.1016/j. 
seps.2020.100879.

Sparovek, G., Guidotti, V., Pinto, L.F.G., Berndes, G., Barretto, A. and Cerignoni, F. (2018), 
“Asymmetries of cattle and crop productivity and efficiency during brazil’s agricultural 
expansion from 1975 to 2006”, Elementa: Science of the Anthropocene, Vol. 6 No. 1, p. 25, doi: 
10.1525/elementa.187.

Stabile, M.C.C., Guimarães, A.L., Silva, D.S., Ribeiro, V., Macedo, M.N., Coe, M.T. and Pinto, E. 
(2020), “Solving brazil’s land use puzzle: increasing production and slowing amazon 
deforestation”, Land Use Policy, Vol. 91, p. 104362, doi: 10.1016/j.landusepol.2019.104362.

Vale, P., Gibbs, H., Vale, R., Christie, M., Florence, E., Munger, J. and Sabaini, D. (2019), “The 
expansion of intensive beef farming to the Brazilian amazon”, Global Environmental Change, 
Vol. 57, p. 101922, doi: 10.1016/j.gloenvcha.2019.05.006.

Weinhold, D., Killick, E. and Reis, E.J. (2013), “Soybeans, poverty and inequality in the Brazilian 
amazon”, World Development, Vol. 52, pp. 132-143, doi: 10.1016/j.worlddev.2012.11.016.

Xiong, N., Yang, X., Zhou, F., Wang, J. and Yue, D. (2022), “Spatial distribution and influencing factors 
of litter in urban areas based on machine learning – a case study of beijing”, Waste Management, 
Vol. 142, pp. 88-100, doi: 10.1016/j.wasman.2022.01.039.

Zeller, M. and Schiesari, C. (2020), “The unequal allocation of PRONAF resources: which factors 
determine the intensity of the program across Brazil?”, Revista De Economia e Sociologia Rural, 
Vol. 58 No. 3, pp. 1-21.

Zhu, X., Chen, X., Cai, J., Balezentis, A., Hu, R. and Streimikiene, D. (2021), “Rural financial 
development, spatial spillover, and poverty reduction: evidence from China”, Economic 
Research-Ekonomska Istraživanja, Vol. 34 No. 1, pp. 3421-3439, doi: 10.1080/ 
1331677X.2021.1875859.

Corresponding author 
Marcos Rodrigues can be contacted at: marcos.rodrigues.adm@gmail.com

For instructions on how to order reprints of this article, please visit our website: 
www.emeraldgrouppublishing.com/licensing/reprints.htm 
Or contact us for further details: permissions@emeraldinsight.com 

JFEP 
17,5    

698  

Downloaded from http://www.emerald.com/jfep/article-pdf/17/5/680/10142664/jfep-04-2024-0095en.pdf by Institut Latihan Statistik Malaysia user on 06 October 2025

http://dx.doi.org/10.1016/j.jenvman.2021.113020
http://dx.doi.org/10.4322/rca.60103
http://dx.doi.org/10.4322/rca.60103
http://dx.doi.org/10.1016/j.apgeog.2021.102419
http://dx.doi.org/10.1016/j.jrurstud.2022.03.024
http://dx.doi.org/10.4000/confins.29836
http://dx.doi.org/10.4000/confins.29836
http://dx.doi.org/10.1016/j.seps.2020.100879
http://dx.doi.org/10.1016/j.seps.2020.100879
http://dx.doi.org/10.1525/elementa.187
http://dx.doi.org/10.1016/j.landusepol.2019.104362
http://dx.doi.org/10.1016/j.gloenvcha.2019.05.006
http://dx.doi.org/10.1016/j.worlddev.2012.11.016
http://dx.doi.org/10.1016/j.wasman.2022.01.039
http://dx.doi.org/10.1080/1331677X.2021.1875859
http://dx.doi.org/10.1080/1331677X.2021.1875859
mailto:marcos.rodrigues.adm@gmail.com
http://www.emeraldgrouppublishing.com/licensing/reprints.htm
mailto:permissions@emeraldinsight.com

	Assessment of rural credit in the Brazilian Amazon: role of the Northern Constitutional Financing Fund in rural development
	Introduction
	Material and methods
	Data
	Inequality measures
	Spatial data analysis
	Econometric approach

	Results
	Rural credit inequality measures
	Spatial rural credit concentration
	Econometric model

	Discussion
	Concentration of rural credit in Northern Brazil
	Determinant factors of credit inequality in Low-Low clusters
	Rural credit, agricultural production and rural income

	Conclusion
	References




