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ABSTRACT: During the past 20 years, most settlements of the Brazilian Agrarian Reform (AR) have
been established in or near better-preserved natural ecosystems, where environmental impact is likely to
be negative and contribute to natural resources degradation. The objective of this work is providing a first,
comprehensive insight of the impacts related to the environmental quality of these settlements, based on
the primary survey of 4,340 AR settlements installed between 1985 and 2001. An index was calculated to
integrate different aspects of environmental impacts in one single number. The index showed significant
regional variation, with lower values (low environmental quality) for the North and Northeast of Brazil,
intermediate values for the Central-west and Southeast, and high values for the South. Environmental
impacts resulting from AR and settlement creation are slowly decreasing with time, but are still very high
in absolute values. The lack of protection of riparian areas, cultivation of legal reserves, and deforestation,
are the main concerns related to environmental impacts.
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IMPACTOS AMBIENTAIS DA REFORMA AGRARIA
NO BRASIL DE 1985 A 2001

RESUMO: Até o presente a maioria dos assentamentos da Reforma Agraria brasileira (AR) t€ém sido
estabelecidos em ou perto de ambientes preservados, nos quais impactos ambientais negativos sao esperados
e podem levar a degradagdo dos recursos naturais. O objetivo deste trabalho foi apresentar uma visao
ampla dos impactos relacionados a qualidade ambiental dos assentamentos com base em dados primarios
coletados em 4.340 projetos criados entre 1985 ¢ 2001. Um indice foi criado com a finalidade de integrar
diferentes aspectos ambientais. Este indice apresentou expressiva variagdo regional, com valores menores
(baixa qualidade ambiental) nas regides Norte e Nordeste do Brasil, intermediarios na regido Centro-
Oeste e Sudeste, e elevados na regido Sul. Os impactos ambientais resultantes da criagao de assentamentos
diminuiram com o tempo, mas ainda sdo elevados em termos absolutos. A falta de prote¢ao de Areas de
Preservacdo Permanente, o cultivo de Reservas Legais e o desmatamento sdo os principais fatores
relacionados aos impactos ambientais.

Palavras-chave: Brasil, desmatamento, indice ambiental

INTRODUCTION

Land ownership in Brazil is concentrated in a
rather small percentage of the population. In the last
census of agriculture (1996), the 49 thousand landown-
ers with more than 1,000 hectares (about 1% of the
producers) occupied 45% of the total farmed land
(IBGE, 1996; Hoffmann, 1972). Limited access to land
is a major rural poverty factor (Hall, 1990; Guanziroli
et al., 2001). This scenario led to the establishment of

a still-operative national Agrarian Reform (AR) pro-
gram in the 1960’s. Until 1985, AR was carried out in
the context of colonization projects aimed at develop-
ing new agricultural regions. An analysis of the first
30 years of AR showed that 350,836 families were
settled in 1,626 projects, most of them established in
remote regions (Guedes Pinto, 1995). During the
Fernando Henrique Cardoso’s government (1995-
2002), AR extended beyond colonization, aiming to
enhance family farm units, which could result in a
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broad-based rural development with the economic ben-
efits more equitably distributed (Guanziroli & Cardim,
2000). After more than 40 years of AR, 500,000 fami-
lies have been settled on 26 million ha (Guanziroli,
1999; Brasil, 1999), an area equivalent to UK.

The extensive colonization and abrupt change
in land use caused by AR may influence the environ-
ment in different ways. Until recently, AR settlements
were established in or near to preserved ecosystems.
In these environments the antropic impact is likely to
be negative. Deforestation for the establishment of ag-
riculture is a good example of these impacts. A national
inventory carried out in 2002 (Sparovek, 2003) shows
that of the 26 million ha of land transformed under the
AR in the period of 1985 to 2001, more than 7 mil-
lion ha were deforested, equivalent to the area of Ire-
land.

This work is part of a wider research project
designed to evaluate qualitative and quantitative as-
pects of Brazilian AR settlements created between
1985 and 2001 (Sparovek, 2003). This article presents
the results related to the environmental quality of the
settlements, with the goal of providing a comprehen-
sive assessment of the environmental impacts in the
areas affected by the Brazilian AR program.

MATERIAL AND METHODS

A countrywide survey on the AR settlements
in Brazil was performed between July 2002 and Sep-
tember 2002 (Sparovek, 2003). The survey was per-
formed in 4,340 settlements, all created between 1985
and 2001 with approximately 458,000 families. A team
of government extension technicians, not familiar with
the interviewees, applied three to five questionnaires
in each settlement project. The interviews were made
with representatives of the settlements associations,
with a community leader and with the extension tech-
nician in charge of the settlement. Additional inter-
views were made in the case of settlements with more
than one established association. A digital database
was created out of the 14,414 questionnaires, and is
available for download at http://www.nadd.prp.usp.br/
cis/index.aspx

Most queries had three possible levels of re-
sponse. First, a quantitative response (65% queries)
represented by a numerical answer or a numerical
equivalent (Example: the term “no” was considered
equal to the value zero). Second a semi-quantitative
response option, provided answers that were divided
in five equal percentage classes. The third was a
qualitative response, with the options “few”, “half”
or “majority”. The structure of adopted answers al-
lowed flexibility in the interviews and the possibil-

ity to complete the questionnaire without inducing
insecure or imprecise answers. For statistical purposes
and calculations, semi-quantitative and qualitative
answers were first mathematically converted to quan-
titative values. Also, during and after data process-
ing, audit techniques were applied to exclude incom-
plete observations or incoherent answers. Less than
5% of data were excluded in any of the presented re-
sults.

Nine of 89 queries in the survey referred to
the state of conservation of the “Areas de Protegdo
Permanente - APP” (Legally Protected Areas - LPA)
and the “Reservas Legais - RL” (Legal Reserves -
LR); none query authorized extraction of forest prod-
ucts or mining, degradation of the soil by erosion, de-
forestation after the creation of the settlement, and re-
forestation or actions to improve environmental qual-
ity. Queries on hunting or capturing of wild animals
were also applied, even though these are prohibited
activities all through Brazil. LPA comprise riparian
strips near rivers and other water bodies, protected by
Brazilian federal laws and should be kept with natu-
ral vegetation. LR is the portion of any farmland that
cannot be used for agricultural production and can
never be legally deforested. This portion of a rural
property or settlement may vary from 80% in the
Amazon region to 20% in the more developed South
and Southeast of Brazil. The translated queries are
presented in the Appendix.

Answers to the questionnaires were combined
in a single index. This index was created to integrate
different aspects of environmental impacts in one
number, allowing a more comprehensive comparison
of all settlements within a national framework. The
index varies from 0 to 100; 0 being the minimum
mathematical value that also characterizes the worst
situation (i.e., greatest environmental degradation),
and 100 the maximum value that characterizes the
best-possible situation (i.e., least environmental dam-
age). More detailed explanation of the analytical and
survey procedures and index calculation can be seen
in Sparovek (2003). The index was calculated by
combining mathematically the following parameters:
a) percentage of LPA within undisturbed or near to
undisturbed condition (Query 81); b) percentage of
LR within undisturbed or near to undisturbed condi-
tion (Query 82); ¢) percentage of families that extract
forest products without legal authorization (Query
83); d) percentage of settlement area impacted by ero-
sion in relation to the number of families living in the
settlement (Queries 21 and 85); e) percentage of the
LPA and LR in settlement areas where activities
aimed towards environmental recovery have been un-
dertaken (Queries 3 and 88).
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The index of environmental quality (EQ) was
calculated as follows:

Y EQE,
EQ=|1-¢=— %100 (1)
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in which E , E, E, and E, refer to the weights referent
to the auxiliary variables EQ , EQ,, EQ, and EQ,. The
auxiliary variables deplete the EQ value. Grater val-
ues of the auxiliary variables indicate greater deple-
tion (i.e., more environmental problems) resulting in
a lower final EQ value.
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in which Q3,, Q21,, Q81,, Q82, Q83 and Q85, and n,,
n,,ng, ng, n., and n, refer to the variables and num-
ber of valid answers corresponding to the queries 3, 21,
81, 82, 83, and 85 of the questionnaire (Appendix) re-
spectively. The auxiliary variables were weighted for
index calculation. The weights reflect the expert opin-
ion from the research group, discussed with the govern-

ment staff responsible for environmental issues of the

AR program. The objective of the weights is pointing
out the most important environmental issues based on
the current state-of-the-art opinion. The weights refer-
ring to the auxiliary variables were determined as i) the
weight of the percentage of conservation of LPA (E1)
= 1.00; ii) the weight of the percentage of conservation
of LR (E2) = 1.00; iii) the weight of the illegal extrac-
tion of forest products (E3) = 0.60; and the weight of
the degradation by erosion (E4) = 0.60.

For calculations purposes, period 1985-1994
was combined in one set and period 1995-2001 in an-
other. This division into two time periods makes it pos-
sible to compare the two time periods and minimizes
the tendency of short-term political events in the first
period.

RESULTS AND DISCUSSION

The survey covered most settlements of the
agrarian reform created in Brazil from 1985 to 2001,
allowing comparison of responses and the derived in-
dex within a national framework. The spatial distribu-
tion of the environment quality index (EQ) is repre-
sented in Figure 1. Table 1 shows the average, maxi-
mum and minimum values of overall environment
quality index for Brazil and its regions, the total num-
ber of settlements and the area covered by these settle-
ments per region. The EQ index, which integrates as-
pects of environmental impacts, shows significant re-
gional variation, with lower values for the North and
Northeast of Brazil, intermediate values for the Cen-
tral-west and Southeast, and high values for the South.
For the period 1985-1994, the South presented the
highest environmental quality index, followed by the
Southeast. The regions Central West, North and North-
east had the lowest indexes. The higher values (better
preserved) occurred in the more recent period, 1995
to 2001. For this period the South presented the high-
est index, followed by Central-west, Southeast, and
North and Northeast. In general the environmental
quality index in the South indicates better environmen-
tal quality than in the North and Northeast. The South
and Southeast, and in lesser extend the Central West,
are the traditional agricultural regions of Brazil. In
these regions, most settlements are created on unpro-
ductive farms. In the North and Northeast, settlements
are still been created as part of a colonization process
to develop new agricultural frontiers.

Better understanding of the composition of the
environment quality index is possible by looking at the
outcome of the individual variables that contribute to
the index value. Tables 2 and 3 show the depletion fac-
tor of the individual auxiliary variables of EQ for the
period of 1985-1994 and 1995-2001, respectively.
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Figure 1 - Values of the Environmental Quality index (EQ) of the agrarian reform settlements in Brazil. Every dot represents the

location of a settlement and the colors the value of EQ.

Table 1 - Values of the environmental quality index for Brazil and per region, and the total surface area and number of the

settlements.
Environmental Quality Index
Total area Nr. of
(1985-1994) (1995-2001)
of settlements (ha) settlements - — - —
Average Maximum Minimum Average Maximum  Minimum
North 5,446,283 1,916 61 70 52 63 72 55
Northeast 13,484,124 902 60 67 52 63 71 53
Central- West 6,029,828 588 62 73 52 73 82 63
South-East 537,863 520 68 79 59 71 82 61
South 1,049,494 371 73 82 63 75 84 63
Brazil 26,547,592 4,297 64 72 55 66 75 57

The mean value for LPA in Table 3 is 0.53, that
is, 53% of the LPA in the period of 1995-2001 was
declared to be without natural vegetation. LPA are ri-
parian areas that should be covered by natural vegeta-
tion, usually forests, to protect the rivers, wild life and
preserve biodiversity (Matson et al., 1997; Nilsson et
al., 1997; Sala et al., 2000). The LPA factor evaluates
the percentage of this area that is not covered by for-
est (i.e., used for agriculture or inherited degradation
of previous agricultural land use). In both periods
(1995-2001 and 1985-1994) the highest percentages of
preserved LPA were found in the South, although it

should be emphasized that only 63% and 54% was
covered by forest, respectively. Thus, a great extend
of LPA are without coverage of natural or recovered
natural vegetation. This may be because already be-
fore AR, South and Southeast Brazil suffered intense
and continuous process of removal of the natural for-
est in the colonization period of the XIX Century
(Rodrigues & Leitdo, 2000). As a result, only a few
and mostly small fragments of natural forests remain
on LPA. In both periods (1995-2001 and 1985-1994)
the lowest percentages of preserved LPA were found
in the North and Northeast regions (highest depletion
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Table 2 - Environmental quality index (EQ) and the depletion' by the individual auxiliary variables for Brazil, regions, and

states during the period of 1985-1994.

Brazilian Federal States EQ LPA? LR’ Illegal extraction of forest products Erosion
Acre 77 0.39 0.32 0.03 0.02
Alagoas 52 0.80 0.55 0.10 0.09
Amapé 76 0.41 0.26 0.19 0.01
Amazonas 85 0.22 0.20 0.16 0.06
Bahia 64 0.62 0.48 0.03 0.05
Ceara 74 0.44 0.33 0.02 0.06
Espirito Santo 75 0.43 0.33 0.01 0.04
Goias 68 0.44 0.49 0.02 0.05
Maranhao 46 0.80 0.79 0.07 0.03
Mato Grosso 56 0.61 0.69 0.04 0.05
Mato Grosso do Sul 67 0.43 0.54 0.03 0.10
Minas Gerais 68 0.45 0.43 0.04 0.13
Para 44 0.76 0.91 0.07 0.04
Paraiba 51 0.74 0.69 0.02 0.11
Parana 88 0.24 0.17 0.06 0.12
Pernambuco 48 0.77 0.72 0.13 0.02
Piaui 66 0.55 0.49 0.02 0.05
Rio de Janeiro 52 0.72 0.71 0.00 0.11
Rio Grande do Norte 72 0.69 0.13 0.05 0.05
Rio Grande do Sul 58 0.65 0.80 0.01 0.07
Rondonia 66 0.56 0.65 0.03 0.01
Roraima 90 0.23 0.06 0.05 0.04
Santa Catarina 59 0.68 0.70 0.02 0.11
Sao Paulo 79 0.29 0.33 0.05 0.06
Sergipe 63 0.64 0.47 0.02 0.01
Tocantins 63 0.58 0.53 0.02 0.02
Brazilian Regions

North 61 0.58 0.62 0.06 0.03
Northeast 60 0.65 0.52 0.05 0.05
Central-west 62 0.52 0.60 0.03 0.07
Southeast 68 0.48 0.46 0.03 0.09
South 73 0.46 0.45 0.04 0.11
Mean Value

Brazil 64 0.57 0.54 0.05 0.06

'The depletion varies from 0 to 1. Zero indicates no depletion of EQ by the individual variable (e.g.: LPA = 0 corresponds to 100% of
the LPA in preserved conditions) and 1 indicates maximum depletion (e.g.: Illegal extraction of forest products = 1.0 corresponds to
100% of the families with illegal extraction activity). 2LPA = Legally Protected Area. °LR = Legal Reserve.

values of LPA). This can be explained by the fact that
AR is performed on new agricultural regions, thus
needing deforestation to create new agricultural land.
The regional variation of LPA depletion factor is
large, varying for the different states of Brazil be-
tween 0.23 and 0.80 for the period 1985-1994, and
between 0.18 and 0.73 for the period 1995-2001. The
large variation within regions does not allow general
statements concerning LPA, but along time, LPA are
more effectively preserved. The values for LPA deple-
tion are lower for the period 1995-2001 than for the
period 1985-1994.

LR is the portion of any farmland that cannot
be used for agricultural production and is legally not
allowed to be deforested. The LR depletion factor
evaluates the proportion of the settlement not covered
by forest. When evaluated in percentage, these values
indicate that currently (Table 3) about 52% of LR ar-
eas are being preserved, covered either by natural or
recovered natural vegetation (without agricultural use).
In the period of 1985-1994, the South and Southeast
had the lowest depletion values for this factor (0.45 and
0.46, respectively). In the following period, regions
Southeast and Central-West had the lowest depletion
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Table 3 - Environmental quality index (EQ) and the depletion' by the individual auxiliary variables for Brazil, regions, and
states during the period of 1995-2001.

Brazilian Federal States EQ LPA? LR? Illegal extraction of forest products Erosion
Acre 74 0.43 0.36 0.04 0.01
Alagoas 59 0.68 0.51 0.05 0.05
Amapa 83 0.27 0.24 0.10 0.03
Amazonas 92 0.18 0.11 0.09 0.04
Bahia 68 0.57 0.39 0.02 0.04
Ceara 78 0.38 0.26 0.04 0.06
Espirito Santo 77 0.39 0.30 0.00 0.03
Goias 79 0.30 0.33 0.03 0.04
Maranhao 49 0.73 0.77 0.06 0.04
Mato Grosso 68 0.46 0.50 0.05 0.04
Mato Grosso do Sul 78 0.31 0.34 0.03 0.08
Minas Gerais 74 0.41 0.33 0.06 0.07
Para 50 0.68 0.83 0.07 0.03
Paraiba 55 0.72 0.59 0.04 0.10
Parana 85 0.26 0.22 0.07 0.07
Pernambuco 59 0.66 0.58 0.03 0.04
Piaui 69 0.60 0.32 0.06 0.04
Rio de Janeiro 61 0.59 0.57 0.03 0.10
Rio Grande do Norte 74 0.61 0.11 0.08 0.04
Rio Grande do Sul 63 0.47 0.72 0.01 0.06
Rondé6nia 76 0.42 0.38 0.14 0.01
Roraima 87 0.27 0.10 0.06 0.01
Santa Catarina 68 0.52 0.55 0.09 0.05
Sdo Paulo 68 0.47 0.47 0.02 0.06
Sergipe 61 0.68 0.49 0.03 0.01
Tocantins 72 0.44 0.39 0.04 0.01
Brazilian Regions

North 63 0.53 0.58 0.07 0.02
Northeast 63 0.62 0.48 0.05 0.05
Central-west 73 0.38 0.42 0.04 0.04
Southeast 71 0.44 0.40 0.04 0.06
South 75 0.37 0.44 0.05 0.06
Mean Value

Brazil 66 0.53 0.48 0.05 0.04

'The depletion varies from 0 to 1. Zero indicates no depletion of EQ by the individual variable (e.g.: LPA = 0 corresponds to 100% of
the LPA in preserved conditions) and 1 indicates maximum depletion (e.g.: Illegal extraction of forest products = 1.0 corresponds to
100% of the families with illegal extraction activity). 2LPA = Legally Protected Area. LR = Legal Reserve.

values, 0.40 and 0.42, respectively. Also this factor
shows a large variation within regions. In the period
of 1985-1994, the variation between the states in the
South region was 0.17 to 0.80. The large variation does
not allow general statements concerning this factor.
When considering specific states, the lowest preserva-
tion occurred in Maranhdo, Para and Rio Grande de
Sul. The LR was less depleting than LPA, but still in-
fluential. The LR depleting value showed a slight
improvement with time passing from a value of 0.54
during 1985-1994, to 0.48 during 1995-2001. A pos-
sible reason of these lower values in the more recent

AR projects, while taken into account that still most
settlements are created in the North and Northeast, is
that new settlements are still initiating their agricultural
exploration. In such a situation, there is often no need
or a lack of conditions to explore more land, resulting
in less pressure to explore the LR area.

The factor illegal extraction of forest products
presented low depletion values for all regions. The
North region showed largest percentage of families
dedicated to commercial extraction of wood or other
forest products without environmental license (7%). In
this region, the states of Amapd, Amazonas and
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Rondonia were the ones that presented the largest il-
legal extraction activities. But also the state of Santa
Catarina, in the South, registered a relatively high
value for this factor (9%), equaling the state of
Amazonas. For this factor it should be acknowledged
that not all interviewees may have reported illegal ac-
tivities, and an underestimation may have happened.
The erosion depletion factor refers to those ar-
eas where erosion problems prevent normal agricultural
production. The registered values were low for all re-
gions. The South and Southeast had higher values.
These results are probably caused by a more intense
use of agricultural machinery and tillage, typical of
these regions. Another aspect that can have contrib-
uted to a higher degradation is the fact that in these
regions the AR areas have been more frequently cul-
tivated previously, and thus degraded before implan-
tation of the settlements. The areas with severe soil
degradation are, many times, left idle (unproductive)
making them legally eligible for AR (expropriation).
Although the values of the erosion component have
been relatively low, it should be considered that the
question refers to erosion that causes direct problems
to agricultural production. In the farmers perspective,
this will be associated to difficult agricultural machin-
ery traffic and loss of seeds and plants through drag-
ging. Other forms of erosion, such as inter-rill and rill
erosion, were not included in the formulation of the
queries. These types of erosion can occur in a less per-
ceptible way, but may contribute significantly to en-
vironmental degradation and impact production in the
long run (Sparovek & De Maria, 2003).
Environmental recovery by ecosystem rehabili-
tation and reforestation (planted forests, recovery of ri-
parian vegetation or natural vegetation, and adoption
of agroforestry systems) have been carried out in 871
thousand hectares according to the declarations of the
interviewees. This number is small when compared to
the total area of the settlements (26.5 million hectares),
or the total deforested area, illegal or legally, after the
creation of the projects (7.2 million hectares). A pos-
sible explanation for this is the absence of resources,
i.e. the financing of created AR settlements are avail-
able mainly for the establishment of agricultural pro-
duction, commercialization and implantation of basic
infrastructure, and not for environmental issues.

CONCLUSIONS

AR is currently carried out to promote and sup-
port family agriculture, which can result in more sus-
tainable agriculture and development of social struc-
tures. This attempt to improve the standard of living
of the rural poor and landless farmers is often associ-

ated with environmental degradation as the settlements
as established in or near better-preserved environments.
The environmental impacts resulting from AR and
settlements are slowly decreasing with time, but are
still very high in absolute values. The lack of protec-
tion of riparian areas, cultivation of legal reserves, and
deforestation, are the main issues related to environ-
mental impacts.
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Appendix: Queries of the questionnaire related to
environmental impacts

Q,) Total area of the settlement project (ha) according
to the Regulation of Creation, considering all the rec-
tification.

Q,,) Current number of families living in the settlement
project in individual houses.

Q,,) Percentage of Legally Protected Areas (LPA rep-
resented by riparian areas, river margins and very steep
areas) that are preserved (without agricultural use) and
that has natural or recovered forest coverage (e.g. ri-
parian forest).

Q,,) Percentage of the area of Legal Reserve (LR) that
was preserved (without agricultural use) and that has
natural or recovered forest coverage.

Q,,) Families dedicated to the commercial extraction
of wood and other forest resources (e.g. coal) that re-
quire environmental license but that is not legalized.
Q,,) Percentage of the area degraded by soil erosion
and thus not suitable for agricultural production.

Q,,) Area of the settlement project with improvement
of forest resources by recuperation riparian forests, re-
forestation or adoption of agro-forest systems.
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