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Using different satellite imagery and classification techniques
to assess the contribution of trees outside forests in the municipality
of Maring4, Brazil*

Betina Doubrawa?, Ana Paula Dalla Corte®, Carlos Roberto Sanquetta®

ABSTRACT

Forest cover of the Maringa municipalitycated in northern Parantaf, was mapped in this studi§apping was
carried out by using high-resolution HRC sensor imagery and medium resolution CCD sensor imagery from the CBERS
satellite. Images were georeferenced and forest vegetation patches (TOFs — trees outside forests) were classified
using two methods of digital classification: reflectance-based or the digital number of each pixel, and object-oriented.
The areas of each polygon were calculated, which allowed each polygon to be segregated into size classes. Thematic
maps were built from the resulting polygon size classes and summary statistics generated from each size class for each
area. It was found that most forest fragments in Maringa were smaller than 500 m2. There was also a difference of
58.44% in the amount of vegetation between the high-resolution imagery and medium resolution imagery due to the
distinct spatial resolution of the sensors. It was concluded that high-resolution geotechnology is essential to provide
reliable information on urban greens and forest cover under highly human-perturbed landscapes.

Key words: CCD sensor imageridRC sensor imagergapping, remote sensing, urban greens.

RESUMO

Uso de diferentes imagens de satélite e técnicas de classificacao para avaliar a contribuicao
de arvores fora das florestas no municipio de Maringa

O objetivo deste trabalho foi mapear a area de cobertura florestal no municipio de Maring4, regido norte do Estado
do Parana. Paraisso, foram usadas imagens de alta e média resolucéo do satélite CBERS 2B, sensoresA$RC e CCD.
imagens foram georreferenciadas e classificadas segundo a vegetacgéo de porte florestal por meio de duas abordagens
de classificacéo digital: uma, baseada nos ndmeros digitais ou refletancia dos pixels e, outra, classificacdo orientada
ao objeto. Foram calculados os nimeros e areas dos poligonos, sendo os mesmos separados em classes de tamanho
de areas. Foram construidos mapas teméaticos, apontando as classes de tamanho dos fragmentos florestais, e sumarizadas
as areas de cada uma das classafficou-se que o maior niumero de fragmentos florestais do municipio de Maringa
encontra-se na classe menor que 500 m?, ressaltando a importancia que os pequenos macicos florestegs{TOFs —
outside the forest) tém na paisagerierificou-se uma diferenca de 58,44% de area verde, encontrada nas imagens de
alta resolucao espacial, em relacéo a de média resolugéo espacial. Este resultado denota a importancia de se utilizar
geotecnologias com maior resolugéo espacial, na deteccao de TOFs, em pequenos verdes urbanos e areas com elevado
grau de antropizacao.

Palavras-chaveimagem CCD, imagem HRC, mapeamento, sensoriamento remoto, verdes urbanos.
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Using different satellite imagery and classification techniques to assess the contributid&1.

INTRODUCTION rural and urban area& large number oT OFs consist of
Th . . . 6Planted or domesticated trees. These include agroforestry
© mapp'f‘g of forest cover and its dynamics h ssystems, orchards and small groves@rR2001).
become the object s.tudy of many I’('ESGZ'B.I'CheI’S rlowadays. Another important initiative is FrancsaNational Forest
The U.N Food andgricultural Olg_anlzatlon published an Inventory (IFN) which has established a strategy whose
overview of global forest cover in 2D1FA0, 2011) and aim is to classifffOFs more déctively. The goal is to use

SouthAmerica still had the highest rate of forest areg ,-h information to update the data from the coustry’
loss, with 4 million hectares per yetuilowed byAfrica, National Forest Inventory with a single national

whlgh lost 3.4 million per yeaﬂ;]e BrazllllanfM|n|_stry 0];_ c(ljassification standard (MMA, 2011).
Environment released in 2007 the results of its Biome Lan Herrera-Fernandez (2003) developed a method for the

Cover Map, part of the Conservation and Sustginable Uéﬁssification and modeling ®OFs in Centrahmerican
of Diversity Project MMA/PROBIO (2007), which 93V€ |andscapes, combining data from remote sensing and

an overview of the country’remaining forests and theGeographic Information Systems (GIS) and thus

Atlantic Forest biome in particulafhat project only contributing important methodological tools for
considered patches of 40 hectares or greater in area. identifying TOFs using aerial photographs.

. i o As mentioned by Kleinn (2000) and Herrera-Fernandez
For a variety of reasons, in the grgat majority O_f fore§5003)’ TOF research efforts have been focused primarily
survey§ small fragments are d|sregarQed In they ocal scales, and only in recent years has this issue
estimation of forest area. For example, in the pasjayn attention from the Neotropics research community
limitations in spatial resolution and more recentlygeqq se of this lack of information on TOFs, Kleinn (2001)
software and computer processing limitationgeng e that a three-year project has been implemented
represented problems. Meanwhile, geo-spatigl centraamerican countries (Costa Rica, Honduras and
technologies have evolved in recent years, allowing ”Guatemala).
dividual trees to be identified. From this innovation, 8 The issue of TOFs in many municipalities has other

discussion has emerged about representation of $gyjications beyond those already discusgetording
called “Trees Outside Forests@Fs)."A forestis defined 4 vjianaet al. (1992), the distribution of size classes of

according to théslobal Forest Resources Assessments  fragments in the landscape is an important element in the
— FRAOf FAO (2001) as land with a canopy cover (or itgjevelopment of strategies for biodiversity conservation.
equivalent degree of coverage) greater than 10% agfler half of conservation reserves are less than 500 ha,
with a surface area greater than 0.5 hectare. The gengig|ch is insufficient for many plants and animals species.
forest definition mentioned above considers typical na- | jttle attention has been paid in the scientific
tural forests and forest plantatiod&cording to RO community to the theme of TOFs in Brazil, resulting most
(2001), TOFs may be more frequent in some contextgetaply in the lack of official statistics and therefore glo-
such as: areas of low or highly fragmented forest Govasy| and local development of policies on the maitaidst
as itis the case of thlantic Forest. It constitutes the jncreasing deforestation and environmental degradation
main source of timber and non-timber products in many Brazil, there is evidence that TOFs are playing a
regions, though the trees may not be represented in Wgnificant role in the sustainability of local and regional
maps. TOFs in urban areas also provide importaghyironmental resources. These trees help alleviate
environmental and landscape services, and proviggessures on native forest fragments and have an
shade and higher quality housing in cities. important environmental role to plagspecially in urban
According Bierregaard Jet al. (1992),TOFs have no  ecosystems and in areas with high levels of fragmentation
ability to protect biological diversityioweverthese small  sych as the northern region of Parana State, a region with
remnants can act as stepping stones or small areagH¥ lowest forest cover percentages of native forest in
habitat scattered throughout the matrix that for songrazil (Santos, 2005). In the case of Maringad TOFs
species may facilitate dispersal between larger fragmengigntribute largely in terms of ensuring a minimum level of
(Rantaet al., 1998). They promote an increasedhiodiversity and gene flow (&naet al., 1992).
heterogeneity in the matrix and act as refuges for species Thus, this study aimed at comparing the use of
that require particular environments that occur only igifferent satellite imageries — high resolution and medium
those areas. Since fragments of larger sizes are megeolution — and classification techniques to assess the
diverse, the species richness depends on the size of ¢batribution of TOFs in a region with a high concentration
fragment (Lefkovitch & Faring, 1985). of green patches within a typically urban landscape, as
According to RO (2010),TOFs are located in so-called well as native forest with low percent cover and which is
“other lands”, especially farms and built up areas, both ighly fragmented.
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482 Betina Doubrawat al.

MATERIALS AND METHODS Geo-spatial technologies applied

Location of the study area Thg imaggs used i.n this study were supplied by INPE
The study area is located in Maringa northengBrazmqn National Institute for Space Rgsearch).Th(? HRC
Parana State. at 23°25'S |atitude and 51°57,’W longit sensor image of the CBERS 2B satellite was acquired on
. ' LfAugust 9, 2008. This sensor has a spatial resolution of 2.7
de (Figure _1)' ) meters (high resolution) and operates in a single spectral
According to Maack (1968), and using the,nqe (0.50 to 0.80 mm). The image covers an area of 729
physiognomic-Ecological System Classification 02 and is located on orbit 160, row (point) 126. The CCD
Brazilian vegetation, proposed Wgloso & Goes-Filno gonq0r cBERS 2B image was used for comparison, which
(1982), the municipality of Maringa is encompassed in thg, ¢ acquired on March 24, 2007. This sensor has a spatial
phytogeographic region named Seasonal Semideciduqysytion of 19.5 meters (medium resolution) and operates
Forest (Leite & Klein, 1990), belonging to thélantic 6\ five spectral bands (Nakamura & Novo, 2005).
Forest Biome (IBGE, 1992). The first step of the present work was to geo-reference
The climate in Maringa, according to the Koppenhe images for the SAD-69 reference system using the
classification, is of the type Cfa subtropical, with hoENy| 4.5 software After that, it was carried out a
summers, infrequent frosts and heavy rains in the summgssification of vegetated areas with characteristics of
Currently the regiois forest cover is composed of smalkree cover in the two images, using two distinct digital
fragments located in some farms and areas adjacentctassification approaches. This requirement stems from
springs. Howevermost of the rivers have their riparianthe fact that the CCD image sensor produces images of
vegetation totally unprotected, in which grain crops amedium spatial resolution, which allows only
pasture extend to the riverbanks. Such a scenario has arislessifications based on the digital number (DN) of the
in the context of occupation and use of highly valued langixels or reflectance values contained in it. The HRC image

Figure 1. Location of the study area Municipality of Maringd, || -
Parand tte, Brazil in CBERS 2B satellite imagery 20,
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Using different satellite imagery and classification techniques to assess the contributid&3.

of high spatial resolution had to be processed using objgerimeter ratio is compared with that of a circle of the

oriented classification methods. same area. This ratio increases with the area of the
To classify the CBERS 2B HRC sensor images, the Bragment. Fragments with small areas and with perimeters

cognition software version 5.0 was used to perforrthat are relatively long have therefore low area/perimeter

automatic segmentation to create homogeneous regioatios.

(segments) prior to the classification procedure.

Automatic classification in E-cognition tries toRESULTSAND DISCUSSION

differentiate the class of interest, i.e., areas with the ) ) )
presence of forest-like green patches, using the Mapping forests and TOFs with both types of satellite

interpretation indicators, or elements such as shadg‘,ages sEowedhqune_dﬁferen:c r(;sults m t.errFs of %resn
texture and coloAfter automatic classificatigra visual area, both on the perimeter of the municipality and the

interpretation of all polygons was carried out to furthewbin ld's:rr]'Ct of Maringa @ble 2)('1”; the ;nfr;'gga“ty,?sth
identify forested areas, in order to improve the accura whole, the green area mapped (fores S) Wi €

of the results generated. Finatlye images were compared Igh resolution !mage (HRC) totaled 4,513 hectares, while
. . F]hat mapped with the CCD sensor was of 1,876 hectares,
against each other in order to ensure that all green patches

were associated with the correct class. The gross resu San area 2.4 times greater for HRC satellite mapping in

of the classification produced shapefile (.shp) with comparison to CCD satellite mapping. In the urban area of

. he municipalityin relative terms, the dérence was even
polygons sorted for export to AncGIS 9.3 environment. the mu . cipalityin refative terms, the dérence was eve
. : ._greateri.e., of 1,795 hectares and 407 hectares for HRC to
Classification of the CBERS CCD image was carrie . .
o . - CD, or an areathatis 4.4 times greater for HRC.
out initially using ENVI 4.5 software, color composition :
. : These differences are even more pronounced when
RGB: 3,4,2. Thempoints were collected representing the

| £ ; . h ﬁonsidering the numbers of polygons mapped. The
class of interest (areas of tree vegetation). These SamRenbers of polygons detected with the sensor HRC were

of interest were then used in a supervised classificati%r_w8 times greater (18,495 x 2,710 units), whereas the total
(Maximum Likelihood). This classification method area of the municipality and 9.4 times greater (5,305 x 563

con§|d_ers the weights of the average dlsta.n_ces. and uaﬁﬁs), when taking into account only the urban perimeter
statistical parameters to perform the classification. T is demonstrates that higher resolution images allow

classified image was then converted into a vector file. iy spatial capture of rather fragmented and small areas,
the rasterfile polygons were dissolved and exploded by g usually the urban green areas.
the process mentioned above. . The ability of the sensor HRC (higher spatial
In order to compare the results obtained from bothysqytion) to detect TOFS is evident. The HRC sensor
images, the corresponding area of each polygon Wgsiecied an area of 1,172 ha of TOFS in the municipality
calculated and divided into five classes: areas smaller tha 5 whole and 730 ha in the urban area, whereas the
500 square meters (Class 1), between 500 and 1,000d8%sor CCR captured 216 ha in total area of the
(Class 2), between 1000 m? and 5,000 m? (Class 3), betwegginicipality and only 46 ha in the urban perimeleis
5,000 m?and 10,000 m? (Class 4), and greater than 10,GR{ortant to note that in terms of numbers of polygons
m? (Class 5). Later thematic maps were constructed Wifhapped, the HRC sensadue to its higher spatial
the results of the fragments to aid visualization, whelgsolution, detected a number of TOFs polygons 7.7 ti-
Classes 1, 2 and 3 were considered TOFs and Classgfek greater than that for the CCD sensor which were 2,283
and 5 were considered forests. x 17,499 polygons in the municipality as a whole, and 4,680
Classes were also created from the polygongs468 polygons in the urban part of Maringa.
representing forests and TOFs. Shape in this step was|t was also observed that the TOFs size class
expressed using the relationship between a foregistribution assumed a decreasing shape, both for the
fragments area (m?) and its perimeter (e shape clas- limit of the whole municipality as well as for the urban
ses (area/perimeter) were divided as such: Class8,— Maringa, i.e., a greater number of fragments in the smaller
Class 2-5.01-10, Class 3 -10.01-15 and Class 4 — > tlasses was recorded. The majority of TOFs concentrated
The area/perimeter ratio is also known as the core/edge the class of less than 500.®@n the contrarythere
ratio. was a concentration of TOFs in the upper size class, i.e.,
According to Lang & Blaschke (2009) the optimall,000 to 5,000 m(Figure 2).Viana (1990) compared
shape in this respect is a circle, in which the interior aré@ndscapes with different fragmentation characteristics,
of the fragment is maximized with respect to the length eéporting that most of the forested areas in that case
its edgesAccording to these authors, the current way of58.4%) were large fragments (> 40 hectares) while the
characterizing a fragment is to express its degree st were small fragments (< 10 hectares). In this study
deviation from this optimum form. In other words, the aresimilar results were obtaide
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484 Betina Doubrawat al.

Regarding the forest area, the larger fragments (ovire area/perimeter ratio of polygons mapped the more
10,000 m) were predominant both in area and number @longated they are, and converséhe higher the ratio,
polygons. This pattern was observed for both the CChe more rounded they are. Forest fragments and TOFs
satellite imagery as well as for HRC. Howeviris existing in the municipality of Maringa are mostly
important to note that both in area and number of polygoe$ongated ones, which may represent a risk. Such
mapped, the HRC sensadue to its higher spatial elongated fragments are greatly affected by edge effects
resolution, was able to detect a greater green areand have increased risk of collapse. In a study assessing
especially because its capability to detect small woodsiodiversity in forest fragment¥jana & Pinheiro (1998)
namely TOFs. reported that 51.9% of fragments were considered

The forest fragments (over 5,00@)roaptured by the elongated, 35% were very elongated, which are heavily
CCD sensor had a spatial distribution concentrated in soméected by edge effects. This fact demonstrates that green
regions of the municipalitywhile TOFs presented a area cover is not the only parameter to be taken into
scattered pattern without clear differentiation between tle®nsideration but also the shape of the polygons shall be
extension of urban and rural areas (Figure 2). Howeveonsidered in defining conservation strategies in highly
when analyzing the fragments of forest TOFs capturqzbrturbed landscapes as the municipality of Maringa.
by the sensor HRC, another reality takes place. It was Heavy forest fragmentation is evident in most
also indicated a large concentration of TOFs inside thmpunicipalities in the Southern and Southeastern Brazil,
urban area in contrast to the rural zone, since the TO&sd notably in the northern Paran&, which has undergone
occupy 9.96% of the territoiyurban municipality (totaling vigorous agricultural development. Fragmentation has
7,237.23 ha) and only 2.84% in rural area (41,289.22 h&een due to anthropological agents such as the land-use
This demonstrates that it is in the city that the small woodsructure of the region, laws governing land-use, and more
are concentrated. It could only be observed by using tiraportantly agriculture and livestock, the typical model
HRC imageAnother fact observable in the HRC imageof land use occupation. Present in a majority of
and invisible in the CCD is the presence of aligned woodsunicipalities, these small forest fragments represent a
representing the street and grove trees along the propdérge expanse of tree cover and belong toAtantic
borders and roads (Figure 3). Forest biome.

The shapes of forest fragments and TOFs were also Almeida (2008) pointed out this fact during a mapping
analyzed by the area/perimeter ratialfle 2). The lower project of the Campos Gerais National Park, Parana. In

Figure 2. Municipality of Maringa, vegetation classification of Figure 3. Municipality of Maringd, vegetation classification in
CCD CBERS 2B sensor image. HRC CBERS 2B sensor image.

Rev CeresVicosa, v60, n.4, p. 480-488, jul/ago, 2013



Using different satellite imagery and classification techniques to assess the contributid&5.

that studyit was estimated that 91.4% of forest patchegserimeter of Maringa, we identified a total of 1,794.91 hec-
were smaller than 5 ha. In the municipality of Ponte Novaares of green areas in the high resolution image (HRC)
MG, Albanez (2000) highlighted a predominance of isolateaihd 406.58 hectares in the medium-resolution image (CCD).
fragments in the landscape, mostly consisting of forebtaringa therefore had an average of 50.25 m#inhabitant
patches smaller than 20 ha. Sanquette. (2012), in a based on the CBERS HRC sensor image and an average of
study of theAraucaria Forest (FOM) in Parana, usingl1.38 m#/inhabitant for the CBERS CCD sensor image.
Landsat 5 images acquired in 1998, found that nearly 2.269 Quantification of urban forestry was accomplished
million hectares correspond to fragments < 50 ha (i.ehrough dependent and independent indicators of
82.54% of the area of the FOM in Parana). In this sangemography expressed, respectiyaljterms of green
study only 13.77% of existing forest fragments werarea per inhabitant (M = GreenArea Index) or
between 50 and 500 ha in size, while 3.69% correspondgercentage of land occupied by tree&\(E Percent of
to fragments > 500 ha in size. GreerAreas) (Oliveira, 1996)he existence of the index
According to IBGE, Maringa had a population ofof 12 nt of green areal/inhabitant, which is considered
357,177 inhabitants in 2010. Considering only the urbaas ideal, is rooted and widespread in Brazil and assigned

Table 1 Size and area of forest fragments located in the municipality of Maringa, mapped by usinfetentdiénsors

Entire municipality

Sensor Forest status

Forest fragment size Number of polygons Area (ha)
<500 1,296 48.26
TOF 500 - <1,000 380 30.28
1,000 - <5,000 607 137.53
CBERS 2B Sub-total TOF 2,283 216.07
ccb Forests 5,000-10,000 156 106.85
>10,000 271 1,552.74
Sub-total Forests 427 1,659.59
Total CCD sensor 2,710 1,875.66
<500 11,055 266.42
500 - <1,000 3,254 229.05
TOFs
1,000 - <5,000 3,190 676.23
CBERS 2B Sub-total TOFs 17,499 1,171.7
HRC 5,000-10,000 465 326.41
Forests >10,000 531 3,014.80
Sub-total Forests 996 3,341.21
Total HRC sensor 18,495 4512.91
Urban perimeter of the municipality
Sensor Forest status y
Forest fragment size Number of polygons Area (ha)
<500 251 98.88
500 - <1.000 85 67.82
TOFs 1.000 - <5.000 132 29.18
CBERS 2B Sub-total TOFs 468 45.85
CCD 5.000-10.000 27 18.87
Forests >10.000 68 341.86
Sub-total Forests 95 360.72
Total CCD sensor 563 406.58
<500 700 172.61
TOEs 500 - <1.000 2,163 152.14
1.000 - <5.000 1,997 405.16
CBERS 2B Sub-total TOFs 4,860 729.91
HRC 5.000-10.000 241 165.54
Forests >10.000 204 899.46
Sub-total Forests 445 1,065.00
Total HRC sensor 5,305 1,794.91
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to the UN,WHO and RO. This index is not known by urban and rural zones when evaluating the forest cover
those institutions and must be assumed as a referemeeities.
to the categories of neighborhood parks and district/ Satellite imagery technological advances have
sector areas useable for outdoor recreation (Cavalh@nproved evaluation of land use and forest cover and
ro & Del Picchia, 1992). The Brazilian Society of Urbarhelped to determine more accurately the individual green
Forestry (SBAU) proposed as minimum index for publicover rate in urban centers. In Curitiba the green areas
recreation green areas a value of 15/nmhabitant were evaluated in the year 2000 by medium-resolution
(SBAU, 1996). imagery and the individual green rate was of 512 pen

In this context, considering the mapping image witinhabitant Another map of forest cover was produced in
medium resolution imagery (CCD), Maringa was slighth2010 and the rate increased to 64?5by using the high-
below the lower limit of green area per inhabitant (11.6&solution GeoEye imagery (SMMA, 2010). This growth
m?), considering only the urban area of the city and thia green cover was attributed to technological changes
respective population (349,120 inhabitants). Howgher and not to increase in forest cover during the time period.
interpretation would change completely when considerinphis study shows the role of improvement in geo-
the mapping of green areas with the high resolutiolechnology to provide more reliable information on forest
imagery (HRC), i.e., the green area per inhabitant was 3.d@ver focused on the contribution of the small woods,
times higher than indicated by SBAU (51.4%).m namely TOFs, generally imperceptible by medium-

The rural area of the municipality has a differentesolution satellite imagery éble 1).
situation, given that the rural population is only 7,997 The key features of the TOFs are the small size and of
people and, consequentthe green area per inhabitantelongated shape, which implies in their low ecological
is 1,837.05 rhas mapped by the CCD satellite imageryesilience because of the greater eddecef(Table 2).
and 3,398.77 Aby the HRC. In the entire municipaljty Though small greens play an important environmental role
taking into consideration the total population of 357,11in the cities, improving air qualitproviding shade, beauty
inhabitants, the green areas per inhabitant are 5252 amd so on, such woods suffer from pollution, vandalism,
and 126.37 i respectively for CCD and HRC. Theseurban pests (as in Leetlal., 2006), and others. Saunders
results demonstrate that it is very important to taket al. (1991) have discussed the sustainability of these
into account and analyze separately the green areadarest patches, which are considered as green islands,

Table 2 Comparison of area/perimeter index of fragments in the entire municipality and within the urban perimeter of Maringa

Number of polygons

Place Type Shape class
yp P HRC CCD
<5 16,318 800
TOE 5-10 1,165 1,319
10-15 14 154
>15 0 0
Entire municipality Total TOFs 17,497 2,283
<5 138 0
Forest 5-10 616 4
10-15 134 136
> 15 108 287
Total Forest 996 427
<5 10,657 151
TOF 5-10 586 286
10-15 2 31
> 15 0 0
Urban perimeter Total TOFs 11,245 468
<5 90 0
Forest 5-10 300 0
10-15 35 27
> 15 20 68
Total Forest 445 95
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and stated their concern about theier conservation afP - Food andAgriculture Oganization of the United Nations
ecological role. Further discussion on this issue is (2010) Global Foresassessment 2000, Main reportA®

. . . . . . Forestry Paper 163. Rome. Italpisponivel em: <http://
nec?_ssanytakmg Into C0n3|deratlor_] other Varlables in www.fao.og/forestry/fra/fra2010/en/>Acessado em: 06 de agos-
addition to land cover and area/perimeter ratio. to de 2013.

FAO - Food andAgriculture Oganization of the United Nations
CONCLUSIONS (2011) Sate of theWorld’'s Forests. Rome. ItalAccess: Dis-

) o ponivel em: <http://wwwfao.omg/docrep/013/i2000e/
TOFs can be more reliably detected and quantified byi2000e00.htm>Acessado em: 06 de agosto de 2013.

using h|gh'_reSOIUt|on S_ate"_lte imagery such as CBERS-?errera-Fernéndez B (2003) Classification and modeling of trees
HRC. Medium-resolution imagery such as CCD may outside forest in CentraAmerican landscapes by combining
underestimate the area of small forest patches and noemotely sensed data and GIS. Dissertagdo de Mesihalert-
provide their correct spatial distribution. Cost-benefit -udwigs-Universitat Freiburg, Freiburg. 247p.

analysis must be considered in this context. IBGE (1992) Manual técnico da vegetagdo brasileira. Rio de Ja-
neiro, Fundagéo Instituto Brasileiro de Geografia e Estatistica —

The municipality of Maring& green cover (forests + IBGE. 92p.
TOFs) per inhabitant is above the limit considered byieinn ¢ (2000) On large-area inventory and assessment of trees
SBAU, if the HRC imagery is used. Otherwise itis a little outside forests. Unasylva, 51:3-10.
under that limitAnyhow, the urban population of Maringa Kleinn C (2001)A cautionary note on the minimum crown cover
city is provided by an expressive green cover (> 30 m criterion in forest definitions. Canadian Journal of Forestry
inhabitant), responsible for providing various Research, 31:350-356.
environmental services to it. The quality and théang S & Blaschkel' (2009)Analise da paisagem com SIGfici-

. - aa deTextos, Sao Paulo. 424p.

ecological resilience of these greens should be evaluate
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