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ABSTRACT – The new Brazilian Forest Code (Laws no. 12,651/2012 and no. 12,727/2012) establishes a
set of rules in relation to native vegetation areas, such as Permanent Preservation Areas and 'Legal Reserve',
that must be preserved by the landowner. Thus, it becomes relevant to survey these areas, as well as to assess
the need for recovering them. In this context, this research aimed to propose a method for calculating the
Native Vegetation Recovering Index (NVRI) for rural properties and to validate it on a case study of Porto
Alegre/RS drawing on geotechnology and on a technical cadaster. The method enabled to assess the range
of native vegetation and to characterize the Permanent Preservation Areas and the Legal Reserve of rural
property, as well as to estimate the fraction of the area to be recovered with native vegetation in each property.
In the case study, the calculated NVRI was null for 61 properties, and ranged from 0.1% to 94.0% for other
15 properties examined. For properties sized up to 01FM (one fiscal module), the NVRI was 1.3%; for those
sized between  01 and 02FM, it was zero; for properties sized between 02 and 04FM, NVRI was 1.5%; and
for properties above 04FM, it was 10.8%. For the total surveyed properties, the calculated NVRI showed
that 9.2% of the area that should be covered with native vegetation is in need to be recovered, since it is
disfigured in terms of its native flora. By enabling to assess the situation of each rural property regarding
its compliance with guidelines established in the new Forest Code, the applied method becomes a supporting
tool for policies on territorial and environmental management.
Keywords: Forest Code; Permanent Preservation Area; Legal Reserve.

PROPOSIÇÃO E AVALIAÇÃO DE ÍNDICE DE VEGETAÇÃO NATIVA A
RECUPERAR (IVNR) DA PROPRIEDADE RURAL

RESUMO – O novo Código Florestal (Leis n. 12.651/2012 e n. 12.727/2012) estabelece um elenco de regras
em relação a áreas de vegetação nativa que precisam ser preservadas pelo proprietário rural, como Áreas
de Preservação Permanente e Reserva Legal. Torna-se relevante o seu levantamento e a identificação da
necessidade de sua recuperação. Neste contexto, esta pesquisa teve como objetivo propor método de apuração
do Índice de Vegetação Nativa a Recuperar (IVNR) da propriedade rural com apoio no cadastro técnico
e geotecnologias e validá-lo em estudo de caso no município de Porto Alegre/RS. O método permitiu dimensionar
a cobertura com vegetação nativa, caracterizar as Áreas de Preservação Permanente e a Reserva Legal,
e estimar a fração de área de vegetação nativa a ser recuperada por imóvel. No estudo de caso, para 61
imóveis o IVNR apurado foi igual à zero, sendo que para os outros 15 variou de 0,1% a 94,0%. Nas propriedades
de até 01MF (Módulo Fiscal), o IVNR foi de 1,3%, maiores que 01 a 02MF ficou igual à zero, maiores que
02 a 04MF foi de 1,5% e nos acima de 04MF foi de 10,8%. Para o total de imóveis pesquisados, IVNR
mostrou que 9,2% da área que deveria estar coberta com vegetação nativa precisa ser recuperada, pois
se encontra desfigurada em termos de sua flora nativa. O método utilizado, ao revelar a situação de cada
imóvel rural em relação ao cumprimento das diretrizes do novo Código Florestal, torna-se uma ferramenta
de suporte das políticas de gestão territorial e ambiental.
Palavras-chave: Novo Código Florestal; Área de Preservação Permanente; Reserva Legal.
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1. INTRODUCTION
The strategy of Brazilian government to ensure

sustainable use of natural resources on private lands
has been based on the adoption of directives and control
measures established in the Forest Code, especially
regarding Permanent Preservation Areas (PPA) and
‘Legal Reserves’ (LR) (AZEVEDO, 2008).

According to the new Forest Code, Laws no. 12,651/
2012 (BRASIL, 2012) and no. 12,727/2012 (BRASIL,
2012a), the margins of any watercourse are considered
PPA, whose minimum width ranges from 30 to 500 meters,
depending on the width of the watercourse bed. However,
for properties sized up to 04 fiscal modules (FM) that
are located in ‘consolidated’ rural areas, this width
varies from 5 to 15 meters. Such consolidated area is
understood as the “area of rural property with anthropic
occupation that precedes July 22, 2008, having buildings,
improvements or agroforestry-herding activities”
(BRASIL, 2012; MACHADO, 2013).

Permanent Protection Areas adjacent to perennial
springs and seeps shall have a minimum radius of 50
meters. But, on consolidated rural areas, just 15 meters
of recomposition is required. In areas sized over 20
hectares surrounding lakes and natural ponds, the
minimum width of PPA ranges from 50 to 100 meters,
but on a consolidated rural area, the minimum width
of required buffer strips ranges from only 5 to 30 meters
(BRASIL, 2012; SODRÉ, 2013).

In terms of topography, areas located on slopes
or parts thereof, with declivity above 45°, equivalent
to 100% in the steepest line, are considered PPAs.
Regarding hilltops, mountains and hills with a minimum
height of 100 meters and average slope over 25º, the
PPA areas are those defined by a contour line
corresponding to 2/3 of the minimum height, always
relative to the base (BRASIL, 2012).

The implementation of Legal Reserve should aim
to maximize both agricultural potential of the property
and conservation of nature (DELALIBERA et al., 2008).
The percentage of each property aimed at Legal Reserve
varies by region and biome, being 20% for the state
of Rio Grande do Sul (BRASIL, 2012). However, properties
of up to four fiscal modules will be deemed compliant
with Legal Reserve percentage requirement that was
valid on July 22, 2008, in case this is lower than that
mentioned above (ANTUNES, 2013; MUKAI, 2013).

The most beneficial rules, established by the current
Forest Code, regarding the size of PPAs and LR for
farmers who own up to four fiscal modules are justified
on the grounds of their social importance for rural
production, without, nevertheless, having much impact
on environmental protection of significant part of the
national territory (POLÍZIO JUNIOR, 2012).

Among its innovations, the current Code
established that the PPAs of the property can be added
in the calculation of the area aimed at Legal Reserve,
provided that the owner has registered the property
with the Rural Environmental Registry. Moreover, this
calculation is only permitted if the area to be computed
is either conserved or under recovery and if this addition
will not entail further deforestation (POLÍZIO JUNIOR,
2012; MELO NETO, 2013).

Land use regulation is a critical component of forest
management and conservation strategies. The ecological
benefits of compliance are diffuse and can hardly compete
with the economic benefits of non-compliance, which
are easily perceived by landowners (STICKLER et al.,
2013). Although the task of recovering any area of
native vegetation falls to the farmer, the State should
provide technical support for this task so that the whole
collectivity will benefit from this process.

Society expects this Forest Code both to be a
milestone catalyst for the compliance with directives
related to the environment and to adapt to the reality
of the country, in order to cope with the challenge
of balancing agricultural production with environmental
preservation (FIGUEIREDO, 2013). However, studies
that evaluate the impact of the new rules set by the
current Forest Code are still scarce, since this law has
recently come into force.

In this context, this research seeks to contribute
to deepen discussions on sustainable development.
It aimed to propose a method for calculating the Native
Vegetation Recovering Index (NVRI) for a farm and
to validate it by means of a case study in the city of
Porto Alegre/RS, drawing on the Technical Cadaster
maintained by the City Hall and on the use of
geotechnology. Considering the provisions of the current
Forest Code, the proposed method enables to determine
the fraction of the property area that shall be recovered
by farmers in terms of native vegetation cover, in order
to restore the environment that has been changed by
agricultural activities.
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2. MATERIAL AND METHODS
2.1. Native Vegetation Recovering Index (NVRI)

The determination of the NVRI requires measuring
the area of native vegetation legally required on the
farm. This area is the result of the dimensions of
Permanent Preservation Areas and Legal Reserve for
the property.

In the present study, when legislation permitted,
it was considered the inclusion of PPAs in the calculation
of LR. Then, based on the LR, it was defined the native
vegetation area to be preserved and/or recovered on
the farm in addition to that already registered as PPA.

NVRI is defined as follows:
NVRI = (([PPAwithoutNV] + [NPA])/[NV]) x 100
Where:
PPAwithoutNV: the fraction of PPA without native

vegetation cover, in hectares;
NPA: area to be preserved with native vegetation

that is located outside of the PPA, in hectares;
NV: total area of the property to be preserved with

native vegetation, in hectares;
NVRI: Native Vegetation Recovering Index for the

rural property, in percentage.
2.2. Study area

Porto Alegre is the capital of Rio Grande do Sul,
located between 29º10’30'’S and 30º10’00'’S in latitude
and between 51º05’00'’W and 51º16’15'’W in longitude.
It has an area of 496.684 km2 and a population of 1,409,351
inhabitants (IBGE, 2010). Its climate is classified as
humid subtropical (according to Köppen), being
remarkably characterized by a wide temperature
variability. The city is divided into two biomes – mostly
Pampa, and also the Atlantic Forest.

The case study was conducted in the southernmost
region of Porto Alegre, due to both its specific
characteristics and the availability of the necessary
data. This region is located in in the Rururban Macrozone
defined in the Master Plan for Urban Environmental
Development of the municipality (PORTO ALEGRE,
1999). The city is bounded to the south and southwest
by the Guaiba Lake, and to the east by the municipality
of Viamão, an area characterized by wavy topography

and mostly covered with Atlantic forest. Center and
West sides comprise a flat region, bordering Guaiba
Lake, where primary production activities are developed,
particularly rice cultivation and livestock.
 2.3. Data collection and methodological procedures

 Porto Alegre City Hall provided the various levels
of information required for conducting the research:
(i) database of real estate cadastre for the researched
area; (ii) QuickBird 2008 orbital image of the municipal
area with spatial resolution of 0.60m; (iii) information
on hydrography, real estate and altimetry at 1:5,000
scale; (iv) digital orthorectified aerial photography taken
on August 2010 of the study area at 1:5,000 scale; (v)
levels of information originating from digital
photogrammetric coverage and laser scanning of the
researched area held in August 2010, at 1:1,000 scale:
native vegetation; hydrography; land occupation and
contour lines. The version 10 of software ARCGIS was
used for integrating these data into GIS (Geographic
Information System). All data were referenced to
SIRGAS2000 (Geocentric Reference System for the
Americas).

Within the study area, 356 properties presenting
rural characteristics were identified and subsequently
classified by size according to the following strata:
(a) up to 01 fiscal module (FM); (b) greater than 01FM
and up to 02FM; (c) greater than 02FM and up to 04FM;
and (d) greater than 04FM. These categories considered
the fiscal module of five hectares defined for the city
of Porto Alegre.

Following Barbetta, Kings and Bornia (2004), the
calculated sample comprised 76 properties to be
examined, for a confidence level of 95% and maximum
tolerable error of 10%, this latter stipulated as a function
of time and resources available to the research. The
properties to be studied were selected randomly, and
proportionally distributed according to the number
of existing properties in each stratum.

All sampled properties were considered as
consolidated rural areas for purposes of the Forest
Code provisions, insofar as the agroforestry-herding
activities in this region are long-standing, what was
confirmed especially by the analysis of the 2008 orbital
image.

Data on forests provided by Porto Alegre City
Hall were considered as native vegetation cover. In
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GIS, the floristic coverage of each property was
determined through intersection of the polygon of the
property with the layer of vegetation, which resulted
in the native vegetation area for each property.

The analysis of the hilltops was based on contour
lines, declivity was calculated through the SLOPE function
of ARCGIS and results showed that the characteristics
of topographic elements (height and steepness) do
not qualify as PPAs. Thus, in the surveyed farms of
this study area, the PPAs are qualified by hydrography
elements: (i) waterways; (ii) springs and (iii) Guaiba
Lake.

The PPAs by property, defined through BUFFER
analysis in GIS, were intersected with the areas of native
vegetation in each property in order to identify the
dimensions of the PPAs by property and the fractions
of these PPAs with and without native vegetation cover.

The definition of Legal Reserves considered
successively: (i) native vegetation area located outside
PPA; (ii) native vegetation area located within PPA;
(iii) PPA area without native vegetation and, finally,
(iv) area without native vegetation outside PPA. These
criteria were sequentially applied so that to define the
legal reserve area by property according to sizes
established in the Forest Code. Thereafter, the size
of the Legal Reserve was calculated, its coverage in
terms of native vegetation was identified, as well as

its location, in this case, inside or outside PPA. This
procedure enabled to define all elements required for
determining the NVRI according to section 2.1.

3. RESULTS
Most of the surveyed properties has up to four

fiscal modules, and 43.4% of the total has a maximum
of 5 hectares. Table 1 shows the results for native
vegetation cover, PPA and LR per size category and
the total area of the surveyed properties.

Native vegetation covers, on average, 37.3% of
the area of properties, reaching 50.8% for properties
in the stratum of more than 02 up to 04 fiscal modules.

The fractions of Permanent Protection Areas
occurring on the properties were identified by using
the recommended technique, as well as its coverage
in terms of native vegetation. The results of this stage
of the work can be spacialized for each property, as
exemplified for one property in Figure 1. Only 42 out
of the 76 sampled properties showed incidence of PPA,
whose area was estimated at 88.49 ha, and which is
mostly located in larger properties. An area of 6.47
ha, or 7.3% of the total surveyed PPA, does not present
native vegetation cover. For the two strata of properties
with largest areas, the percentages of PPAs without
native vegetation ranged from 7.3% to 7.7%. In the
stratum of properties with more than 01 up to 02FM,

Table 1 –  Area of native vegetation, Permanent Preservation Area (PPA) and Legal Reserve of sampled 76 rural propertiesper stratum (FM: fiscal modules).
Tabela 1 – Área de vegetação nativa, Área de Preservação Permanente (APP) e Reserva Legal dos 76 imóveis rurais amostrados

por estrato (MF: módulos fiscais).
Parâmetros Properties strata by area

< 01FM >01 to >02 to >04FM Total02FM 04FM
Number of properties 33 11 14 18 76
Percentage of properties - % 43.4 14.5 18.4 23.7 100.0
Area of the properties - ha 100.08 90.51 160.46 1,450.65 1,801.71
Area of the properties - % 5.6 5.0 8.9 80.5 100.0
Native vegetation - ha 42.72 29.46 81.51 518.95 672.64
Native vegetation - % 42.7 32.5 50.8 35.8 37.3
PPA – ha 2.18 1.37 7.69 77.25 88.49
PPA - % 2.2 1.5 4.8 5.3 4.9
PPA without native vegetation - ha 0.25 0.00 0.59 5.63 6.47
PA without native vegetation - % 11.5 0.0 7.7 7.3 7.3
Legal Reserve - ha 19.75 15.29 30.16 290.04 355.24
Legal Reserve - % 19.7 16.9 18.8 20.0 19.7
Legal Reserve with native vegetation - ha 19.75 15.29 30.16 255.91 321.11
Legal Reserve with native vegetation - % 100.0 100.0 100.0 88.2 90.4
Legal Reserve without native vegetationoutside PPA - ha 0.00 0.00 0.00 34.13 34.13
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this percentage was zero, meaning that the required
natural vegetation is being preserved in these properties.
As to the stratum of properties with smallest areas,
it showed the highest percentage (11.4%) of PPA without
native vegetation cover.

Legal Reserves on the studied properties
represented, on average, 19.7% of the area, ranging
from 1.8% to 20.0%. Most of the area bound for LR
is located outside PPA regardless of property size. Legal
Reserve lacking vegetation cover was observed only
for the stratum of the largest properties.

Data obtained enabled to calculate the NVRI. When
calculated per property, the NVRI resulted zero for
61 of them; and, for the remaining, it ranged between
0.1 and 94.0% (Figure 2). Considering the properties
above 04FM, 55.6% of them presented an NVRI greater
than zero, while for the remaining this percentage
was 8.6%.

Table 2 presents data grouped by stratum of area
of the properties and the total of sampled properties.

Considering the 76 studied properties, it was estimated
an area of 441.02 ha that should be covered with native
vegetation on PPA and/or LR. Based on NVRI, it was
estimated an area of 9.2% that should be recovered,
for being disfigured in terms of native flora cover. This
fraction corresponds to an area of 40.60 ha.

NVRI resulted much higher for the stratum of
properties sized above 04FM, reaching 10.8% on average.
For the stratum sized more than 01 to 02FM, the index
resulted zero, therefore, no native vegetation area needs
to be recovered. In the other two strata, the index varied,
on average, from 1.3% to 1.5%.

Figure 3 shows the spatial distribution of the
surveyed properties, with the respective indication
of the value range of VNRI found for each of them.

4. DISCUSSION
Geoprocessing makes possible the implementation

of forestry legislation, especially concerning the
delimitation and spatial distribution of PPAs
(GONÇALVES et al., 2012). To this end, this research
drew on such tool, succeeding in its objectives.

The determined average percentage of native
vegetation by property indicates a high coverage, which
largely results from the rugged terrain that characterizes
the researched area and makes difficult the exploitation
of agricultural activities. Pinheiro et al. (2011) obtained
similar results, also noting that in flatter areas native
vegetation cover is lower due to greater incidence of
agricultural activities.

Nevertheless, in this hilly area, there were no PPAs
resulting from relief (height and/or slope). Due to the
change in the parameters that define PPAs in the current
Forest Code, Oliveira and Fernandes Filho (2013) consider
that elevations higher than 100 meters referred to the
base (considering the closest saddle point) and, at
the same time, average declivity greater than 25º would
hardly be found. This reduces the potential for
environmental protection of the PPAs, especially in
relation to hilltops and steep slopes (SOARES et al.,
2011).

Out of the 42 properties which have a PPA, 31
(73.8%) present the minimum coverage of native
vegetation set by the Forest Code. This high rate of

Figure 1 – Rural property of 19.216 ha and bearing 15 meterswide Permanent Preservation Areas (PPA) partially
covered with native vegetation.

Figura 1 – Imóvel de 19,216 ha e com incidência de Área
de Preservação Permanente (APP) de 15 metros
de largura parcialmente coberta com vegetação
nativa.
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Table 2 – Native Vegetation Recovering Index of rural property (NVRI) per size stratum and total area of the sampledproperties (FM: fiscal modules; PPA: Permanent Preservation Area).
Tabela 2 – Índice de Vegetação Nativa a Recuperar da propriedade rural (IVNR) por estrato de tamanho e total dos imóveis

amostrados (MF: módulos fiscais; APP: Área de Preservação Permanente).
Parameters Area stratum of the properties

<01FM >01 to >02 to >04FM Total02FM 04FM
Number of propoerties 33 14 11 18 76

On PPA 2.18 1.38 7.69 77.25 88.50Required vegetation - ha Outside PPA 17.06 14.91 30.42 290.13 352.52Total 19.25 16.28 38.11 367.38 441.02
Lacking required On PPA 0.25 0.00 0.59 5.63 30.35
vegetation - ha Outside PPA 0.00 0.00 0.00 34.13 34.13Total 0.25 0.00 0.59 39.76 40.6
NVRI 1.3% 0.0% 1.5% 10.8% 9.2%

Figure 2 – Native Vegetation Recovering Index for ruralproperty (NVRI) by surveyed property and by
area stratum expressed in fiscal modules (FM).

Figura 2 – Índice de Vegetação Nativa a Recuperar da
propriedade rural (IVNR) por imóvel componente
da pesquisa e por estrato de área em módulos
fiscais (MF).

  

compliant properties is a consequence of both the good
native vegetation cover existing in these properties
and the new beneficial rules established for properties
with up to 04FM.

Most of the area aimed at LR is located outside
PPAs, regardless of property size. This happens because
PPAs are present in just a partial number of the surveyed
properties. Furthermore, the PPA can only be included
in the LR if this will not entail the alternative of using
the soil of area outside PPA that is covered with native
vegetation.

Legal Reserve lacking vegetation cover was
observed only for the stratum of larger properties. This
is the tangible effect of the Forest Code special provisions
for properties of up to 04FM, for which the LR can

be reduced to the area covered with native vegetation
existing in July 2008. Thus, the LR of properties sized
up to 04FM is compliant with legislation, i.e. it does
not lack native vegetation cover.

In the scope of this research, the area outside
PPA to be recovered with native vegetation must be
related to area aimed at LR. Moreover, as a result of
the special provisions aimed at properties sized up

Figure 3 – Choropleth map of Native Vegetation RecoveringIndex of rural property (NVRI) for the surveyed
rural properties.

Figura 3 – Representação coroplética do Índice de Vegetação
Nativa a Recuperar (IVNR) para os imóveis rurais
componentes da pesquisa.
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to 04 fiscal modules, only properties in the upper stratum,
of over 04FM, have areas outside PPA to be recovered
with native vegetation. Regarding these properties,
34.1 ha out of a total 290.13 ha, representing 11.8%
of the area outside PPA aimed at being covered with
native vegetation as LR, is lacking such cover and
must, therefore, be recovered. Considering the global
average for all sampled properties, this rate drops to
9.7%, what reveals the influence in terms of area of
the larger properties.

Most properties (81.6%) has a null NVRI, so holds
no requirement for recovering native vegetation areas,
being compliant, in this respect, with the provisions
of the Forest Code. Such compliance rate drops to 50.0%
in the stratum of largest properties. However, for the
strata of properties sized up to 04FM, that is, for the
smallest properties, the compliance rate reaches 91.3%.
This shows that the special rules aimed at these properties
reached their objectives, enabling most of them to conform
to the Forest Code, in terms of native vegetation cover.

As it seems, there is no correlation between the
location of the property and the calculated value of
NVRI (Figure 3). This fact may be explained by the
high percentage of properties with a null NVRI that
are spread all over the study area. However, this fact
deserves further studies, considering the agricultural
activities on the properties as well as the hydrography
and relief of the area.

5. CONCLUSIONS
This research aimed to propose and validate the

method for calculating the Native Vegetation Recovering
Index for rural property, and achieved its goal. The
directives set by the new Forest Code regarding
Permanent Preservation Areas and Legal Reserves were
applied through the use of the adopted methodology.

The high incidence of properties sized up to 04FM
that are in conformity with requirements for areas with
native vegetation cover, and the major impact of properties
sized over 04FM on the final value of NVRI, constitute
relevant aspects that should be taken into account
during public policies formulation.

The index method showed to be able of supporting
public policies aimed at spatial and environmental
management, by revealing the situation of each rural
property regarding its compliance with the guidelines
set in the new Forest Code.

It is recommended to apply this method to
municipalities with cartographic and socio-spatial realities
that are distinct from Porto Alegre, in order to find
out whether the same positive results can be observed
in other case studies.
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