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The aim of this research was to relate natural vegetation dynamics to environmental policies and agricultural
pressure surrounding the Irati National Forest (INF), in the state of Parana, Brazil. We mapped landuses
and detected their changes over a period of 25 years (1992 to 2017), emphasising gains and losses of natural
vegetation to other uses. Employing a pixel-based approach, Landsat-5 TM and Landsat-8 OLI data were used
to classify landuse surrounding the INF. We reviewed records of agricultural expansion and environmental
policies in Parana to explain losses and gains in vegetation cover detected in the landuse change analysis.
During the study period the area surrounding the INF gained ~10,000 ha of natural vegetation cover
regenerated from areas formerly under crop or pasture cover and planted forests, but lost ~20,000 ha,
largely to agricultural expansion, likely for soybeans. We discuss environmental policies, particularly the
Ecological ICMS (a Brazilian ecological fiscal incentive paid to counties that shelter protected areas) as the
most important reason for the vegetation regeneration and nature conservation.

Keywords: Landuse change, deforestation, agricultural expansion, natural regeneration, Ecological ICMS

INTRODUCTION

Parana, a state of Brazil, holds some of the most
extensive remaining tracts of the Atlantic Forest
biome. This biome is dominated by mixed
rainforest with a predominant presence of
native Araucaria forests. In Parana, large areas
of these forests are designated conservation
units (CUs) of high ecological importance,
e.g. the Irati National Forest (INF, 3800 ha)
established in 1968, Araucarias Biological Reserve
(ABR, 14,930 ha) established in 1983 and
representing Parana’s most important reserve of
Araucaria angustifolia, and the Ecological Station
of Fernandes Pinheiro (ESF, 532 ha) established
in 2001.

Deforestation was, and still is, a threat to
forests of Parana. Among the states belonging
to the Atlantic Forest biome, Parana holds one
of the highest historical rates of deforestation
(SOSMA 2017). Several national environmental
policies have been put in place to protect the
forests, e.g. State Law 10.066/92, to establish
the Environmental Institute of Parana and
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Secretary of State for Environment, both related
to inspections and regulations of environmental
issues; Law 12651/2012 (The Native Vegetation
Protection Law), to protect native vegetation
by way of permanent preservation areas; Law
11.428/2006 (The Atlantic Rainforest Law),
to preserve remnants of Atlantic forest by
prohibiting large-scale logging (Crouzeilles et al.
2019).

In Parana, the policy ICMS-E (Ecological
ICMS, or Imposto sobre Circulacao de
Mercadorias e Servicos) was implemented in
1991 to encourage conservation of CUs and their
surrounding forests. This public policy aims to
transfer financial resources to counties with CUSs,
watershed areas and other protected areas (Paulo
& Camoes 2018, Sauquet et al. 2014). With this
policy in place rewarding local governments
for their commitment to protecting forest and
biological resources, Parana’s public and private
forest areas increased by more than 1 mil ha in
the first eight years of introduction (Ring et al.
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2010). In 2017 alone, the three CUs (INF, ABR
and ESF) contributed 2.5 mil Brazilian reals
(~USD 601,500) to their respectively counties.

While the INF has been the focus of extensive
research examining its ecological role in
maintaining local biodiversity (Rode et al. 2010,
2011), landuse surrounding the INF has been
less studied. This NF is surrounded by a 3-km
radius buffer zone as required for CUs with no
previously defined buffer zones (CUs with defined
Forest Management Plans are each required to
have a 10-km radius buffer zone). The purpose
of buffer zones is to mitigate impacts of external
anthropogenic activities, e.g. noise, pollution
and invasive species introductions, on the CUs.
Buffer zones also help prevent fires that occur
due to landscape fragmentation (Numata et al.
2017). Forest fragmentation leads to ecological
changes in the resultant smaller, more isolated,
edge effect-prone forest fragments that are often
surrounded by a mosaic of modified habitats
(Laurance & Vasconcelos 2009). Anthropogenic
activities around the INF increased wildfires by
~8% (Tetto et al. 2012), a percentage rise that
could be prevented with better management of
its buffer zone. Herbicide applications on crops
close to the buffer zones and incursions of cattle
also damage buffer zone vegetation.

Here, we reviewed forest policies such as
the ICMS-E, agricultural expansion and the
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course of forest conservation and degradation
in Parana. Our aim was to evaluate natural
vegetation dynamics for the area surrounding
the INF, in relation to environmental policies
and agricultural pressure. Landuse change
was assessed over a period of 25 years (1992-
2017), emphasising gains and losses of natural
vegetation to other landuses.

MATERIALS AND METHODS
Study area

The study area encompassed a large rectangular-
shaped four-county-wide area surrounding the
INF, but excluding the NF itself, which has been
extensively studied (Figure 1). Included in the
study area were two CUs: ABR and ESF. The
delimited study area would enable evaluation of
landuse changes for both these CUs, and also
forest fragments within and beyond the buffer
zone of the INF. The area of and beyond the
3 km-radius buffer zone was 14,612 and
102,809 ha respectively, for a total of 117,421 ha.

The climate of the region is humid subtropical
with hot to moderately hot summers (Cfa to Cfb
respectively, Kobeppen) and mean temperature
in the warmest month exceeding 22 °C. Annual
rainfall is between 1300 and 1600 mm and mean
annual temperature is 17.7 °C (Alvares et al.
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Figure 1

Location of the Irati National Forest delimited by Fernandes Pinheiro, Teixeira Soares, Imbituva

and Irati municipalities (state of Parana, Brazil)

© Forest Research Institute Malaysia

378



Journal of Tropical Forest Science 31 (4): 377-383 (2019)

2014). The study area falls within 400-1400 m
altitude.

The predominant local landuse classes were
natural vegetation, planted forests, pastures and
crop plantations.

Landuse classification
Image acquisition and pre-processing

The Landsat scene locations were selected
from Path 224 Row 74, based on the Landsat
worldwide reference system. Satellite imagery was
acquired from the Earth Explorer page (http://
earthexplorer.usgs.gov) of the United States
Geological Survey website. The images used
were Landsat 5 Thematic Mapper (TM sensor)
of 19 July 1992 and Landsat 8 Operational Land
Imager (OLI sensor) of 13 January 2017, both
dates had cloud cover < 1%. The study area
has high cloud cover year-round, thus, image
acquisition prioritised dates with the lowest cloud
cover.

All data was re-projected into the Universal
Transverse Mercator Projection 22 South spindle
and SIRGAS 2000 Datum. Next, an atmospheric
correction was performed through the Fast
Line-of-sight Atmospheric Analysis of Spectral
Hypercubes (FLAASH) algorithm, available
with the ENVI® 5.3 software (2015). The
FLAASH algorithm is based on the radioactive
transfer model Moderate Spectral Resolution
Atmospheric Transmittance Algorithm, described
in Ponzoni etal. (2012). The algorithm executes
the process of atmospheric correction with
values of radiation, so it was necessary to
transform Digital Number from images to the
physical variable radiance. This atmospheric
correction yields a corrected image with surface
reflectance necessary for studies involving
biophysical parameters of vegetation and multi-
temporal analyses. Lastly, the images were clipped
through a vector file in order to delimit the study
area.
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Landuse and land cover classes

The classes analysed in this study were (1)
early- and mid- to late-successional natural
vegetation, (2) planted forest, (3) tillage and
pasture and (4) uncovered soil (Table 1). The
collection of pixel samples of natural vegetation
followed the criteria established by Resolution
No. 2 (CONAMA 1994), a national standard
characterising types and successional stages
of natural vegetation and forests. To reduce
misclassification, three classes unrelated to
landuse were additionally created: water, cloud
and shade.

While the classification included seven
classes, evaluation was carried out only for classes
related to landuse. For each landuse class, 30 to
40 initial samples containing at most 100 pixels
were collected. For the smaller water, cloud and
shadow classes, 10 samples were collected for
each class. Initial classifications were performed
with these samples. Based on the preliminary
classification results, some initial samples
were excluded and others added, until sample
classification achieved 100% accuracy.

Classification and post-classification of landuse

We applied the pixel-based classification with
the maximum likelihood (ML) algorithm,
using ENVI® 4.7 software (2015). Assuming
the statistics for each class in each image band
are normally distributed, ML classification
calculates the probability of a given pixel
belonging to a specific class (Richards 1999).
The highest probability determines the class of
the non-sampled pixels. The classification was
performed based on the channels short-wave
infrared (SWIR) 1, near-infrared (NIR), red,
and the normalised difference vegetation index
(NDVI). NDVI is commonly used in vegetation
studies and mitigates shadow effects (Powell et
al. 2010). The accuracy of the classification was
assessed using the kappa index (Congalton &

Table 1 Landuse classifications for the study area in Parana
Class Assigned colour Description
Natural vegetation Red Early- to late-successional native vegetation, including
shrub vegetation to mature forests
Planted forest Green Plantations of broad-leaved and pine species
Tillage and pasture Yellow Agricultural crops in any growth stage
Uncovered soil Blue Soil without vegetation cover, cultivated soil
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Green 2008), comparing about 20 objects by class
to the ground truth data.

Two post-classification processes were carried
out. The first was the application of a low-pass
filter to reduce the 'salt-and-pepper’ effect (Piazza
etal. 2016). This step eliminated objects of a certain
class composed of only one pixel—pixels are
influenced by neighbouring pixels and objects
with one pixel unit are likely to be unreliable.
Our method therefore ensured that the smallest
object had nine pixels, i.e. 0.81 ha (9 x 900 m?).
The second post-classification process consisted
of creating a change-detection map for the
natural vegetation class to estimate vegetation
area gained (regenerated) and lost (deforested)
to the other landuses between 1992 and 2017.

RESULTS

The accuracy of the image classification was
satisfactory, obtaining kappa values of 0.81
and 0.83 for 1992 and 2017 respectively. By
following the criteria defined in Landis and Koch
(1977), these kappa values corresponded to an
almost perfect agreement.

The results showed that in 1992 and 2017,
natural vegetation coverage in the study area
around the INF had the largest hectarage,
followed by uncovered soil, tillage and pasture,
and planted forest. Nevertheless, the study area
underwent large landscape changes during that
period. Overall, the area under natural vegetation
decreased by 18.3% from 52,700 ha while tillage
and pasture cover increased by 65.7% from
16,602 ha. The total area under uncovered soil
increased very slightly (1.4% from 38,139 ha)
and planted forest cover dropped 22.0% from
8312 ha.

Of the original 52,700 ha of natural vegetation
cover, there was a loss of 20,139 ha (38.2%) and
gain of 10,477 ha through natural or human-
driven regeneration. The decrease and increase
respectively translated to a net vegetation
cover loss of 9600 ha over that period. A closer
look at the natural vegetation cover dynamics
revealed that net conversion to uncovered soil
represented the most significant loss of vegetation
cover, i.e. 12,470 ha of natural vegetation
were converted to uncovered soil while only
3756 ha of uncovered soil were returned to natural
vegetation cover during that time. Conversions of
natural vegetation cover to and from tillage and
pasture (5746 and 4000 ha respectively) yielded a
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net conversion of 1746 ha into crop and pasture.
On the other hand, there was a net gain of 797 ha
from planted forest cover to natural vegetation
cover. As much as 1923 ha of natural vegetation
cover was cleared to plant forests but 2720 ha
of planted forests returned to natural vegetation
cover over the 25-year study period.

The regeneration of natural vegetation cover
had no apparent pattern but the loss of natural
vegetation cover was not uniformly distributed
throughout the study area (Figures 2 and 3).
There was a notable loss of natural vegetation
cover to uncovered soil adjoining the buffer
zone’s south perimeter, and south-west of the
buffer zone. Of note, within the buffer zone, east
of the INF, natural vegetation cover had also been
replaced by uncovered soil in 2017. The largely
contiguous area of natural vegetation south
of the buffer zone had by 2017 become visibly
fragmented and interspersed with tillage and
pasture. From the landuse maps, it was evident
that large areas of uncovered soil had been
converted to tillage and pasture over the 25-year
period. West of the buffer zone, the small areas
of tillage and pasture within natural vegetation
cover had expanded by 2017 at the expense of
natural vegetation cover. The areas representing
Araucarias Biological Reserve and the Ecological
Station of Fernandes Pinheiro showed the least
change in natural vegetation cover over the study
period.

DISCUSSION

The changes in natural vegetation cover
in our study area of 115,573 ha during the
25 years from 1992 to 2017 reflect—to a degree—
landuse changes in the larger state of Parana,
which covers 19.9 million ha. The return of
10,477 ha of planted forest, uncovered soil and
tillage and pasture to natural vegetation cover
from 1992 to 2017 represented 9.1% of the
study area. In comparison, the regeneration of
75,612 ha (1985-2015) reported for Parana
(SOSMA 2017) represented only 0.4% of the
state. Regeneration of natural vegetation cover
both in our study area and statewide could
be attributed at least in part to the national
environmental policies outlined previously.
The success shown under ICMS-E by the three
CUs in our study area may explain the high
conversion rate to natural vegetation cover
from 1992 to 2017. On the other hand, the loss
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Figure 2 Landuse maps of the study area surrounding Irati National Forest (INF); buffer zone around INF
represented by black solid line, white lines demarcate the Araucarias Biological Reserve (north)
and Ecological Station of Fernandes Pinheiro (south)

Figure 3  Natural vegetation cover changes in study area surrounding the Irati National Forest (INF)
between 1992 and 2017; area shaded red is the INF, areas shaded black represent persistent natural
vegetation, areas shaded white represent natural vegetation converted to other landuses, green
line represents buffer zone boundary and yellow lines demarcate the Araucarias Biological Reserve
(north) and Ecological Station of Fernandes Pinheiro (south)
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of natural vegetation cover of 20,139 ha (17.4%
of the study area) to other landuses (1992 to
2017) in our study area was high compared with
the reported loss of natural vegetation cover
statewide (461,530 ha or 2.3% of the state area)
from 1985-2015 (SOSMA 2017).

The relatively smaller gains and losses in
natural vegetation cover reported by SOSMA
(2017) for Parana, compared with those for our
study area, could be due to the following: (1)
the SOSMA (2017) methodology only identified
forest remnants larger than 3 ha whereas our
study identified forest remnants as small as
0.81 ha. Parana has an extremely fragmented
landscape where small forest fragments
comprise the majority in the Atlantic Forest
biome (David et al. 2017), therefore, our
threshold may have captured a larger portion
of regenerated areas than the methodology
employed by SOSMA; and (2) the study
area with its three CUs and high population
density experienced more landuse changes
than the state at large, which has a lower
average population density and CUs spread out
throughout the state.

Drivers of deforestation

The conversion of uncovered soil to tillage and
pasture, and expansion of tillage and pasture into
areas previously under natural vegetation cover
indicated that the main driver of deforestation
in our study area was agriculture, reflecting
a nationwide trend—forest loss in Brazil has
been overwhelmingly due to the expansion of
agricultural activities and pasture areas. The
dynamics of deforestation in Parana are not
as complex as in the Amazon region where
the main drivers are illegal logging, illegal
land occupation (‘grileiros’), and agricultural
expansion for soybeans and beef production
(Soares-Filho et al. 2010, Nepstad et al. 2014,
Gibbs et al. 2015). According to the 2015
data from the Secretariat of Agriculture and
Supply soybean cultivation appears to be
driving deforestation in Parana, which is the
largest producer of soybean in Brazil with
5 mil ha. In the four counties of Parana included
in our study area, the area under soybean rose
sharply from ~10,000 ha in 1992 to ~125,000 ha
in 2017, supplanting corn as the most important
field crop. The area under corn fell from
50,000 ha to 25,000 ha during the same
period.
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Logging, illegal and permitted, cannot be
ruled out as a driver of deforestation in our
study area, but its effect appears minor relative to
soybean cultivation. While ABR and FPS, which
are strict nature reserves, showed no loss of
natural vegetation cover during the study period,
the buffer zone area east of the INF lost natural
vegetation cover to uncovered soil (possibly
through harvesting logs).

Effectiveness of conservation policies

Monitoring and inspection of CUs and protected
areas as provided for under ICMS-E may partly
explain the persistence of natural vegetation
cover in the ABR and FPS over the 25 years of
our study. The establishment of such CUs in the
Amazon has also been reported to successfully
decrease the rate of deforestation in the last
few decades (e.g. Ferreira et al. 2005, Ricketts
et al. 2010, Nepstad et al. 2014). Conversely,
deforestation doubled from 2008 to 2015 in
CUs that were not adequately monitored and
supervised (Aratjo et al. 2017).

The noticeable conversion of native vegetation
to pasture and tillage leaving a very fragmented
landscape in the area east of the INF, within and
beyond the buffer zone (Figure 2) indicates that
the Native Vegetation Protection Law, which
requires farmers to preserve 80% of the land
in its native vegetation while cultivating 20%,
may not have been adhered to. While the law
is clear, weakly specified property rights, poor
enforcement due to insufficient government
budgets, and strategic private land selling
practices have made enforcement challenging
(Marcussi 2016).

As conclusion, while there is evidence
indicating that environmental policies have
helped preserve natural vegetation cover and
reduced deforestation over the long term, further
research is needed to determine the degree to
which these policies, individually and as a whole,
contributed to the conservation of natural
vegetation cover.
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