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The Brazilian Constitution lists some biomes and ecosystems considered as national patrimony, among which
the Pantanal Matogrossense is inserted, legally establishing conditions that ensure the preservation of the
environment, including the use of its natural resources (Article 225, § 4). In this context, the research proposes
to analyze the dynamics of the floodflow in the Pantanal of Caceres/MT and aims to contribute a methodology
to obtain results that can support the planning, management, and monitoring of natural resources, as well as
providing important information for agriculture, geology, hydrology, and ecological models. In this research,
images from the MODIS sensor from the year 2015, with a resolution of 250 m, were used for the application
of the methodology. The software ArcGis and Matlab were used for the image processing. The normalized
difference water index obtained through 500 m resolution MODIS images was used as a priori analysis of the
regions with water and without water, after a threshold was defined for all of the images and the processing
was done to obtain the matrix with days with water and without water in the studied area. The results obtained
provide a classification for the floodflow, the quality parameters derived using study area show that the
proposed method performed better with classes < 30 (96%) and 180 - 270 (90%) of 4% and 10% of false

positives, respectively.

1 INTRODUCTION

The Pantanal is a large wetland composed of several
types of vegetation (landscape units) that make up a
complex set of habitats with multiple functions.
These systems depend on the pulse of flood and the
interaction of these environments. Biodiversity
maintenance needs these habitats. Similarly, this
immense floodplain maintains a relationship of
interdependence with the ecosystems located around
the Pantanal, considering, in this context, the impacts
caused by human intervention in the highlands
surrounding the wetlands (Wantzen et al., 2008; Silva
and Girard, 2004).

The Pantanal of Céaceres, as a subregion of the
Mato Grosso Pantanal, corresponds to an extensive
area of accumulation with a very flat topography that
is frequently subjected to floods, whose drainage
network is controlled by the Paraguai River (Brasil,
1997).
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Some studies have concluded that the floods of
area are due to the volume of water brought by the
network of tributaries of the Paraguai River, together
with the weak slope and soil type rather than the
rainfall. The Pantanal vegetation consists of a variety
of species adapted to the dynamics defined by the
flood pulses.

According to Adamoli (2005), the Pantanal is a
biome that frequently undergoes alteration in its
vegetation cover. This factor is due to the
differentiated dynamics, caused by the double
seasonality and alterations in the flood regime, which
changes the structure and floral composition, making
the humid areas more sensitive to anthropic processes
(Bove et al., 2003).

Due to this distinct characteristic, flooded areas
require monitoring to verify the change in vegetation.
Santos et al., (2009) emphasize that the most efficient
way to promote the monitoring of these areas is
through Geographic Information System (GIS) and
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geoprocessing that makes it possible to have precise
evaluations, aiding in the analysis of the spatio-
temporal modifications. Due to the synoptic view,
mapping and repetitive coverage through remote
sensing images is a viable source of information at
regional and global scales (Csaplovics, 1998; Foody,
2002).

In this context, high-spatial revisits with a
moderate  resolution image  spectroradiometer
(MODIS) have been used to monitor land use/land
(LULC) cover, predict global changes, and to assist
in the protection of our environment. In Song et al.
(2011), an approach is proposed for the mapping of
LULC in the Amur river basin using MODIS at 250m
resolution, the normalized difference vegetation
index (NDVI), land surface vegetation index (LSWI),
and the reflectance time series data for 2001 and
2007.

Almeida et al. (2015) analyzed the spatio-
temporal variability of the Pantanal vegetation
cover by a principal component analysis applied to
a complete annual dataset of filtered EVI2 images.
PCA-based approach was able to capture the
essentials of the phenological/environmental

variability.
Gu et al. (2008) evaluated the relationship
between satellite derived vegetation indices

(normalized difference vegetation index—-NDVI and
normalized difference water index—-NDW!I) and soil
moisture to understand how these indices respond to
soil moisture fluctuations.

The most relevant aspect of this work is the
exploration of methodologies to identify the
floodflow dynamics in the Pantanal of Céceres, which
were formulated based on the analysis of the images
of the annual time series of the MODIS system with
250 m resolution and the normalized difference water
index (NDWI) of MODIS at 500 m resolution.

The scientific and technological relevance of the
theme, in the context of the development of new
methodologies for the efficient capture of
cartographic information, is evidenced by the
importance given to the theme by the International
Society for Photogrammetry and Remote Sensing
(ISPRS), where one of the terms of reference is the
remote sensing of land use and coverage.

This paper is organized into four sections: the next
section presents the proposed methodolgy, followed
by the experimental results, discussion, and the main
conclusions. Future prospectives are described in the
last section.
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2 MATERIALS AND METHODS

2.1 Study Area

The Pantanal of Céceres is one of the subregions of
the Mato Grosso Pantanal, which corresponds to
approximately 9.01% of its territorial area (Silva and
Abdon, 1998) and occupying 50.87% of the territorial
area of the municipality of Céceres, located in Mato
Grosso. It is located in the upper Paraguai Basin
(BAP) in the southwest region of the state of Mato
Grosso (Figure 1).

It lies between the Paraguai river and the
municipality of Corumb&MS (north-south) and
borders the Republic of Bolivia and the Poconé
Pantanal (east-west) at the geographic coordinates
15°31°15 and 17°37°45” South latitude and
58°32°30”” and 57°21°55°° West Longitude. The
Céaceres Pantanal area is 12,412.56 km? where
12,371 km? (99.66%) are located within the
municipality of Caceres (Neves, 2008).
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Figure 1: Location map of Pantanal of Caceres, Mato
Grosso, Brazil.

The study area represents an extensive flooded
environment, described as an ancient sandy alluvial
plain (Ab'Saber, 2006) with phyto-physiognomic
aspects composed of different vegetal types such as:
wooded savanna, forest savanna, and grass savanna
(IBGE, 2012).

The annual average temperature is 22.6°C (Brasil,
2007). It presents a rainfall index of 1200 to 1500 mm



annually (Neves et al., 2011) with an altitude varying
between 90 and 200 meters (Radambrasil, 1982).

The soil of the region presents low fertility,
mainly composed by Plintossolo (PL), Plantossolo
(PT), and quartz sands (Quartzarenic Neosol), with
the influence of hydromorphic processes (Fernandes
et al., 2007; Embrapa, 2006).

2.2 Methodology

In this paper, we propose an analyze of the dynamics
of the floodflow in the Pantanal of Céceres/MT.
Methodological steps are explained in detail in the
Figure 2.

MOD09Q1 8-day composite data, 250m resolution
MODO09A1 8-day composite data. 500m resolution

Preprocessing of MODIS Data
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Figure 2: Flowchart of methodology.

In the first stage of the methodology, 46 MODIS
product Q1 images were selected with a spatial
resolution of 250 m on the Terra platform, available
in the EOS Data Gateway (NASA, 2007) portal, in an
8-day composition, referring to the months of January
to December 2015.

The choice of the 8-day composition in this work
is due to the reduction of the number of images with
clouds and the effects of bidirectional reflectance and
atmosphere reflectance (Martinez et al., 2009; Villar
etal., 2012).

In this stage, the study area was cut by mask of the
area using the shapefile extension. The linear cut with
one standard deviation was used as a parameter for
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the choice of threshold. The thresholds were chosen
in the software ArcGis, version 9.2 (ESRI, 2007).

The NDWI images of the MODIS product Al
with a spatial resolution of 500 m from the months of
January and July of 2015 was used to subsidize the
choice of threshold. The NDWI was calculated
according to Gao (1995).

Larger thresholds were tested, however, they
eventually underestimated the delimitation of the
areas with water, causing the grouping of areas with
differentiated responses. The use of one standard
deviation was an empirical choice but provided a
plausible result for determining the threshold to be
used in all study images.

It is worth noting that the months of the dry season
are May-October, with July being the month with the
lowest total rainfall. The months of the rainy season
are November—April, when 76% of the annual total
rainfall occurs, with January being the wettest month.

The resulting image was classified in a binary
image (with water values being 1 and not water being
0) and exported to Matlab software.

In the second step of the methodology, the images
were imported into the Matlab software, in which all
images were converted to a matrix, and to performed
the sum of the values of the pixels with water (value
of 1) and without water (value of 0) and the after the
product matrix was generated, resulting from the
matrix sum multiplied by the composition of the
MODIS images (8 days).

This gave a matrix with values of days with water
varying from 0 (not one day with water) to 365 (every
day with water). At the end of the compilation process
in the Matlab software, the georeferenced product
image and a classification of the days with water in
the study area were imported into ArcgGis.

For the classification, five different thematic
classes were defined, including the days with water:
<30 (nonflooded or rarely flooded—automatic
landscapes), 30-90 (occasionally flooded), 90-180
(seasonally flooded), 180-270 (frequently flooded),
>270 (permanently flooded—hydromorphic
landscapes).

Visits were made to the study area during the dry
period, in November 2015, to record photographs of
the existing landscapes in the region (attached in
Figure 1) and collect land control points (PCTs) to
subsidize the classification of satellite images.

After the classification process an assessment of
accuracy was performed using the Khat statistic to
check the reliability of the map generated (Congalton
(1991). The producer's accuracy refers to the total
number of correct pixels in a class divided by the total
number of pixels of that class as derived from the
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reference data (i.e., the column total). The user's
accuracy is the total number of correct pixels in a
class divided by the total number of pixels that were
classified in that class (i.e., the row total).

For the generation of the confusion matrix, the
classification generated in ArcGIS were converted to
the feature class, through the Raster to Polygon tool.

In the ArcGIS, 150 (hundred and fifty) points
were created randomly, distributed in the each class.

In the ArcMap application, the Esri Image Service
(World Imagery) was used for point validation.

>z

3 RESULTS

In order to aid in the detection of variations in water
availability in the environment, the NDWI was used
(Figure 3) which, according to Gao (1995), is more
sensitive to variations because the values of
reflectances corresponding to the average infrared Legend
region are used. \\'!lhoul water

However, with a resolution of 500 m, this product G
was used to subsidize the choice of a linear cut A
threshold for the histogram of the MODIS images at - N
250 m, considering that the study was carried out on A
a regional scale. ‘

The NDWI of the months with the highest : ‘
(January) and lowest (July) total rainfall was analyzed y \
and verified by the histograms that in the month of :
July (driest period), a greater distribution of the
values occurs. In the month of January (the rainy
season) it is possible to verify a higher concentration T
of the values. The same behavior can be verified in
MODIS images at 250 m. This analysis assisted in the
final classification of the floodflow dynamics.

Figures (4) and (5) show the frequency histograms
of the MODIS images at 250 m from January and
July, respectively, and the linear cut with the
threshold of a standard deviation.
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Figure 3: NDWI images. A) NDW!I image of January 2015
and; B) NDWI image of July 2015.
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Figure 4: Image histogram of January 2015.
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Figure 5: Image histogram of July 2015.

The classes that represent the floodflow in the
Pantanal of Céaceres / MT are presented in figure 6.

N

A

Legenda

0 - 30: (non-flooded or rarely flooded - automatic landscapes)
30 - 90: (occasionally flooded)
™90 - 180: (seasonally flooded)

| 80 - 270: (frequently flooded)
270 - 368: (permanently flooded - hydromorphic landscapes)

Figure 6: Classification of the floodflow in the Pantanal of
Céceres / MT.

Table 1 shows the results of the quality parameters
obtained for the five thematic classes. Four main
columns are shown in Table 1: column 1 identifies the
thematic classes; column 2 shows the user’s accuracy
(number of false positives); column 3 shows the
producer’s accuracy (number of false negatives); and
column 4 shows the KHAT accuracy is a KHAT
statistic (an estimate of KAPPA).

The quality parameters derived using study area
show that the proposed method performed better with
classes < 30 (96%) and 180 - 270 (90%) of 4% and
10% of false positives, respectively. In the class of 30
- 90 was obtained (30% of false positives). Because
this area is occasionally flooded and this fact difficult
the classification.

Study of the Floodflow Dynamics in the Pantanal of Caceres/MT

Table 1: Quality parameters.

User’s Producer’s Khat
accuracy (%) accuracy (%) accuracy
<30 96 80
30-90 70 87
90 - 180 86 78 0,82
180 - 270 90 87
>270 83 96

In the table 1, class > 270 present 4% of false
negatives and class 90 — 180 presented 22% of false
negatives. Less than ideal results, in terms of false
negatives. In conclusion, the method performance for
this experiment can be considered satisfactory.

The result obtained in this work is essential for the
monitoring of the impacts caused by excess or lack of
water, as well as the definition of the environments of
the Pantanal of Céceres.

4 CONCLUSIONS

The results generated in this work showed the areas
with and without water and resulted in defining the
thematic classes of the floodflow of the Pantanal of
Caceres / MT, Brazil. For that, a methodology was
developed using an annual time series of images of
the MODIS Q1 and Al sensor for the year 2015.

Results from this study indicate that the floodflow
can be mapped into thematic classes, according to
five flood distinctions.

To evaluate the proposed method, the analysis
were conducted involving sample of classified
classes. In general, the method showed a satisfactory
performance, few false positives occurred and few
false negatives were verified.

The main challenge of this work was to obtain a
single threshold for the entire series of images from
the year 2015.

As future work will be performed, some statistical
analyses will be performed to evaluate the results
obtained by the temporal profile of the floodflow.
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