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Abstract

Remote sensing (RS) is an adequate analysis taah wbmplemented by field work, providing new infation for
carbon accounting and the management of diversgespeovering a research topic which has a siganitfi interest
nowadays in the climatic change context. Dynamidet® and forest inventory data improve the abilityestimate
forest parameters and temporal changes, thus pngweluable information for the establishment aremadequate
management practices. The analysis of RS imageglemuo the Santa Catarina Forest and Floristiemiory
(IFFSC) sound products is intended to enable stdimidion of methods, assessment of accuracy, dpeednt and
calibration of models, practical application andragolation to large areas, stand attributes mapaid estimation,
considering diversity of scales, species and u$hs. IFFSC confirmed a preoccupying biodiversitysldg.g.,
scarcely 32% of the tree/shrub species identifiechfthe pool recorded in prior inventories) andicezble forest
cover fragmentation compromising populations vigbilThe final target is to contribute to territarimanagement in
the near future at a regional level, obtaining &itkxd knowledge of forestry uses of RS technicaes improving
experimental design in biogeography studies. Thjgep sketches the objectives and methodologic#jnles

Keywords: Santa Catarina Forest and Floristic Inventory,gboever, subtropical forest.
1. Introduction

The value of forests is becoming increasingly ewidand is clearly highlighted by the
numerous multilateral environmental agreements ai as by the multipurpose objectives
sought in land management. Land uses and managgmaetites, especially in complex regions,
are key factors in monitoring studies.

Remotely sensing (RS) data have been used to mdpctaver, land use change, and forest
structural variables such as forest density ang ieight. Because of the potential capacity for
systematic observations at various scales, remetsirgy technology extends possible data
archives from present time to over several decédde&. For this advantage, enormous efforts
have been made by researchers and applicationatipecito delineate vegetation cover from
local scale to global scale by applying remote isgngnagery (Xie et al. 2008). The integration
of the data and information collected from satelimages and field data is the base of modern
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forest biometry (Ghahramany et al. 2012). The i@tship between spectral reflectance and
relevant stand characteristics in different geolgi@gettings must be quantified. Many studies
have used satellite data to estimate forest gadingt parameters such as density, standing
volume, or basal area (Ghahramany et al. 2012).

Therefore, RS scenes are not a substitute for-fiakkd data collection. Field data are always
required to calibrate and validate remote sensitadyaes. Likewise, remote sensing can help to
add value to field surveys. The synergies of bo#thmds should lead to a more efficient system
for data capturing to render abundant and reliadftemation (Suarez et al. 2005). Consequently,
due to the great diversity of forests land uses mrahagement, the utility of RS data and
feasibility of methods needs to be evaluated irargge of environments and under different
management strategies.

The calibration and validation of RS models havedmmon that they require the integration
of remotely sensed and ground reference data. biitgsof model applications and practical
uses of the results must not be overlooked. Tberefthe establishment of this permanent
monitoring project is aimed at developing the fallog objectives:

1) To dynamically define an appropriate categorieglend of land uses and land cover
change detection tailored to the features and sagiconmental context in the region of Santa
Catarina (southern Brazil), containing diverse $breovers within the Atlantic Forest domain as
well as agriculture and grassland land uses.

2) To analyse the significance of possible relaiops between field-measured variables in
the IFFSC and RS data in forest stands and lanerard use monitoring.

3) Assessment of the standardization of methoddudimg coordination of field work
procedures adapted to RS studies, redundancy afsgatrces, accuracy improvement and error
sources detection, magnitude definition and minatian.

4) Evaluation of the potentiality of estimation sthnd attributes and ecological parameters
by fitting adequate model equations derived fromR$ data, accordingly selected to outline the
spatial distribution/quantitative mapping of staragiables and land cover parameters.

5) Finally, by the establishing of permanent updatekflows, outlining practical territorial
management application, considering socioeconospgeds, of the RS and GIS implementation.

In this paper we will address the first legend wi@bn, data sources selection and methods
proposed for a successful project implementation.

2. Methodology

The approach will be a larger scale forestry studydiverse areas in Santa Catarina,
employed to tune specific calibration requiremdrag/ever targeted at methods homogenization
and generalization of estimation and validationcpdures, using and comparing the suitability
and accuracy of available auxiliary data basegrder to compare methods responses and for
evaluation purposes, in the line of Vibrans et(2013). The territorial scale consideration and
comparison utilizing different RS data sources aainthe improvement of methodology
limitations by standardization of practices andirdef research requirements (better match
between field work procedures and RS studies), hat $ame time achieving practical
environmental applications of models, estimatiod arapping of variables in large areas.
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2.1 Study area

The study area was defined as the southern Braztate of Santa Catarina, located between
latitudes 26° and 29° S and between longitudesa#@°53° W and with area of 95,737.895%km
(Figure 1.

2.2 Data sources
2.2.1 Field data

The field data will be mainly based on th&=SC Brazil, carried out by the Universidade
Regional de Blumenau (FURB), Universidade Fedezebanta Catarina (UFSC) and Empresa de
Pesquisa Agropecuaria e Extensdo Rural de Santari@at(EPAGRI), under the funding
programme provided by the Fundacao de Amparo aulss@ Inovacao de Santa Catarina
(FAPESC) and Servico Florestal Brasileiro (SFB}Yhe period between 2007-2011 on its first
measurements, and is currently in the second merasut period (2014-ongoing). If available,
other data sources provided by external institgtimould be added. The sample plots follow a
systematic distribution of points located at théeiigections ofa 10 x 10 km grid for the
phytogeographic subdivisions: Atlantic evergreemfosest and Araucaria forest. The sample
plots of the remnants of the semi-deciduous fonest densified in a grid of 5 x 5 km, because
this forest is extremely reduced and fragmentedhda units were measured when the location
fell within a forest land cover (i.e., secondarypommary forest) and currently total 597 sample
units were established.
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Figure 1. Distribution of systematic sampling plotshe IFFSC.
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2.2.2 Remote sensing data

Giardin (2010) notes the relevance of remote sgrAsased components for estimating
activity data for forest area and forest area chaAg present, 2789 scenes have been reviewed,
and classified according to cloud cover rangesnfitbe catalogues of Instituto Nacional de
Pesquisas Espaciais (INPE) and United States Gealdgurvey (USGS), from the 1990-2016
period. From this review, the limitation of optidgalagery of the Landsat archive is evident as an
85.6% of the scenes were cloudy over the area wafystTherefore, other sensors like the
Advanced Spaceborne Thermal Emission and Refle®adiometer (ASTER), recently freely
released the Chinese-Brazilian Earth Resourcedliga@BERS Charge-Coupled Device (CCD)
CBERS, and the SENTINEL archive will be searchednétheless, the inclusion of some radar
sensor, less subject to be affected by cloud covidirbe seriously considered in the remote RS
data pool compilation.

2.2.3 Ancillary data

To be used either in the training data sample dgltron, test data for evaluation purposes,
support in field work calibration journeys, in tlsegmentation, classification, or other RS
techniques, a digital elevation model (e.g., NASBtmittle Radar Topography Mission (SRTM),
Secretaria de Estado do Desenvolvimento EcondmisteStavel 2011), and derived slope and
aspect maps, will be likely used. Among the avd@aources, vector and raster remote sensing-
based maps of forest areas from diverse author® hmeen previously researched and
intercompared: e.g., Global Forest Chanblansen et al., 2013)Globcover(ESA & UCL,
2011) Global forest/non forest map PALSAR-2/PALSARIAXA, 2016) MapBiomas
(MAPBIOMAS, 2015) LCF/SAR (SAR, 2005), PROBIQCruz & Vicens, 2007) Atlas
(Fundagéo SOS Mata Atlantica 2015), PPMA (Geoantej&008).

2.3 Methods

Firstly, a provisional classification legend foretltand cover/land use mapping has been
chosen considering the features in the area ofsagticulture, meadows, water, urban areas and
roads, permanent crops (e.g., banana, apple, vioigyarange), rice crops, forest (not discerning
between forest types although a further hierar¢chdoasion of this class is envisaged on the
basis of the spectral responses), reforestationgroaes, restinga (coastal and dunes shrub type
vegetation), mining and extraction areas, bare sail shadows/clouds (nodata assigned)
masking. It must be remarked that the definitiorthaf forest class is a key issue on any forest
cover mapping (as was shown in many a study REH),that the definition in the IFFSC of
forest is vegetation with heighflO m and stand basal area>d0 m2. This step is essential in the
undertaking of thematic classification. In this sgnsegmentation and classification techniques
will be essayedGarofalo et al 2015.

RS measurements are typically made in several veantb(multispectral data), which are
described by their spectral sensitivity functioBpectral vegetation indices (SVIs), defined as
dimensionless mathematical transformations comyiniigital values of different bands, have
been designed to isolate the contribution of otmaterials (background, atmosphere) to the
reflectance (Asner et al. 2003). Examples of SVilst tan be tested are Global Environmental
Monitoring Index (GEMI) (Pinty and Verstraete 1993pil-Adjusted Vegetation Index (SAVI)
(Huete 1988), and Normalized Difference Vegetatiatex (NDVI) (Rouse et al. 1973). Tasseled
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cap transformation (humidity component) could abs considered in methodology testing,
following Moré and Pons (2008). An approach thas leen proved useful when studying
vegetation is to use a mixed pixel method or spéctrixture analysis (SMA). This method
recognizes that a single pixel is typically madeofia number of varied spectral types, i.e. soil,
water, vegetation (Quintano et al. 2012) and iised to measure the percentage of spectra for
each land-cover type in a single pixel.

Varied methods have been used for calibrating nsobdetween ground reference data and
satellite data, for example, linear spectral unngxiregression analysis, k-nearest-neighbours
method (k-nn) and neural networks (Fernandes et?@04). Last,evaluation stages (e.g.,
confusion matrix, spatialized quality indicatorsyoe maps, graphics) will determine the
accuracy, the threshold of acceptable estimatiand, most importantly further revision of the
workflow in order to improve the processing stepsl @esign tailored monitoring and update
flows (e.g., predictability, map products updatifigld work procedures design for cost-effective
environmental surveillance).

3. Preliminary results and discussion

The present study, considers in particular thetiiestion and monitoring of land cover/land
uses categoriesthree phytogeographic subdivisions established bye®a-Filho (2009) are
described, within the Atlantic Forest domain: Atlarevergreen rainforest, Araucaria forest and
semi-deciduous foresThe latter is the one most vastly devastated ass largely represented
(1251 knf - estimated forest cover), within a scarcely 7&nf of suitability area in Santa
Catarina. The Araucaria forests and Atlantic evegrrainforest cover similar surfaces in the
region (approximately 12500 Knestimates). However, the potential area for theamtit
evergreen rainforest is much smaller (31287 kersus 56395 kfrpotential area for Araucaria).
Pioneer formations are represented by the restinNglame vegetation), mangrove and
hydromorphic herbaceous communities (riparian)s@ldo the sea and present in relevant river
valleys. In addition, highland vegetation commuastare also present in the mountainous range
lands. This brief description allows for a firsttiom on the diversity and challenges that the
estimation techniques face when considering a Weitdefinition of forest and a categorical
legend division.

At the state scale, the IFFSC presents an unpretstiepportunity to conduct statistically
rigorous comparisons of remote sensing-based fonegls. For use as an accuracy assessment
dataset, the IFFSC data satisfy important critendependence from training data, adequate
sampling intensity, and broad geographical cover@gidrans et al., 2013). The fusion
techniques, enhanced spatial and spectral resafutio the most recent dates provided by the
new sensors launched, will enable the optimizaitothe usage of the information contained in
the visible and near infrared, short wave infraradiometer (SWIR), thermal infrared radiometer
(TIR) channels and other wavelengths. Although gmhparable in terms of spatial resolution,
the advantages of the temporal resolution of sersaarhlike MODIS products, will be taken into
account.

On the basis of the sample points measured in-feik campaigns, following a simple
random sampling method, the forest cover in Samatartha was estimated in 27.8% (confidence
interval from 25.1-30.5% estimates). Within theahtlic Biogeographic Rainforest Domain, the
phytoecological subdivisions in the estimated foresver found were: Subtropical Atlantic
evergreen rainforest 40.4% (confidence interval3t.4%), Araucaria forest 22% (confidence
interval 18.7-25.3%) and semi-deciduous forest8%6(confidence interval 8.6-24%Yibrans
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et al. 2013). In the period 2007-2011, 860 tree stmdb species, 560 epiphytes, 270 vines, 315
pteridophytes and 707 plant species were recordediever, the biodiversity loss in terms of
tree species is disturbing when compared with tiralvers identified in the previous inventories
published in the Flora llustrada Catarinense (R&®65): scarcely 32% of the tree/shrub species
were found, and this with less than 10 individuaésh. The genetic samples of some of the
species in Santa Catarina is a clear consequerfoeest cover fragmentation and the population
size decline sadly leads to pessimistic still wdvgsliversity loss prospects for several species.
The findings of the IFFSC in all its facets (flditsforestry, genetic and socioenvironmental)
showed an urgent need of public policies suitethéoconservation of the forest cover in Santa
Catarina and specifically imperative in the prip@dreas identified.

4. Conclusions

The statistical relationship of spectral featuréththe stand variables provided by the field
data processing is to be quantified. Special atens to be paid to common error sources
(saturation, classification, age, silvicultural s®). The combination of SVIs and empirical
modelling has been particularly common in the estiom of vegetation attributes. Quality of
results in vegetation studies is enhanced by aofddf the time component (temporal resolution)
to the spectral classification. The categoricakheydefinition is to be adapted to available data
sources and methods implementation. The targehefptoject is to design fully operational
workflows leading to map products for managemenpgses, enabling the establishment of
permanent monitoring milestones and continuous tepda
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