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Resumo

O manejo sustentavel dos recursos hidricos e da terra ¢ atualmente uma das principais prioridades na agenda de muitos paises ao redor do
mundo, o que exige informagdes sobre as mudangas na cobertura da terra em bacias hidrograficas. Neste estudo, mapas de 1984, 1996, 2005 ¢ 2016
foram desenvolvidos utilizando-se composices falsa-cor e o Indice de Vegetagio por Diferenga Normalizada (NDVI) para identificar as principais
mudangas ocorridas na bacia do Corrego Guariroba. Essa bacia hidrografica ¢ uma Area de Protegio Ambiental desde 1995, quando se tornou a
fonte de abastecimento urbana da capital do estado de Mato Grosso do Sul, Brasil. Para tanto, o software livre QGIS e imagens Landsat foram
usados para determinar as mudangas no uso e ocupagao da terra. Essas informagdes permitiram a discussdo das possiveis pressdes e consequéncias
ambientais das mudancas nesses periodos. A bacia hidrografica tem estado sob intensa atividade agropecuaria, com a maior parte de sua superficie
sendo ocupada por pastagens para a pecuadria e silvicultura de eucalipto. Os resultados indicam que a influéncia direta das atividades humanas redu-
ziu drasticamente a cobertura natural na area, com implica¢des para o cumprimento da legislagdo do Codigo Florestal. Os usos antropicos da terra
representam mais de 57% da cobertura total do solo em todos os anos, atingindo 79,70% em 2005. Em 2016, houve um aumento na recuperacdo da
vegetagao nativa, mas apesar desse incremento o uso humano da terra continua alto (74,09%). Parte do pequeno ganho de vegetagdo nativa deve-se
aos planos de reflorestamento realizados a partir de 2010. A sedimentag@o do reservatorio de agua € visivel em 2016, formando bancos de areia que
se estendem por cerca de 700 m na porgao distal do Corrego Guariroba. Os resultados deste estudo podem ser aplicados para uma possivel revisao
do plano de manejo da bacia, considerando-se a gestao de seus recursos hidricos integrados ao planejamento ambiental e ao desenvolvimento eco-
ndmico. Esse tipo de analise pode auxiliar no processo de tomada de decisdo de 6rgdos governamentais, de forma que as bacias utilizadas para o
abastecimento de agua apresentem restrigdes de uso da terra, devido ao risco de reducéo na quantidade e a qualidade da agua.
Palavras-chave: Cobertura da terra; Landsat; Multitemporal; NDVI; QGIS

Abstract

Sustainable management of water and land resources is currently a top priority on the agenda of many countries around the world, which
demands information on the land cover changes in watersheds. In this study, maps of 1984, 1996, 2005 and 2016 were developed using false-color
composites and the Normalized Difference Vegetation Index (NDVI) to identify the main changes occurred in the Corrego Guariroba’s stream
catchment. This watershed is an Environmental Protection Area since 1995, when it became the urban water supply of the state’s capital of Mato
Grosso do Sul, Brazil. In order to do that, the open source software QGIS and Landsat imagery were used to determine the land use and land cover
changes. This information allowed the discussion of the possible pressures and environmental consequences of the changes in these periods. The
watershed has been under intense agriculture and livestock farming activities, with most of the land surface occupied by pasturelands for cattle
ranching and eucalyptus forestry. Results indicate that the direct influence of human activities drastically reduced the natural cover in the area, with
implication for the compliance of the Forest Code legislation. Anthropogenic land uses represent more than 57% of the total land cover in all years,
reaching 79.70% in 2005. In 2016, there was an increase in native vegetation recovery, but despite this enhancement the human land use continues
high (74.09%). Part of the small gain in native vegetation is due to reforestation plans carried out from 2010. The sedimentation of the water reser-
voir is visible in the 2016 image, forming sandbanks that extends for about 700 m in the distal portion of the Guariroba stream. The results of this
study can be applied to a possible revision of the management plan of the watershed, considering the management of its water resources integrated
to environmental planning and economic development. This type of analysis may aid in the decision-making process of governmental agencies, so
that watersheds used for public water supply have restrictions of land use due to the risk of reducing the quantity and quality of water.

Keywords: Land cover; Landsat; Multi-temporal; NDVI; QGIS
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1 Introduction

The Coérrego Guariroba’s stream catchment,
located in the rural area of the municipality of Cam-
po Grande - MS, is the main source of local urban
water supply, even though it is 30 km away from the
consumer center. This is mainly due to the low den-
sity of surface waterbodies with sufficient flow and
quality to meet the city’s demand, that increases the
water treatment and distribution costs (Cavazzana et
al., 2012). Due to its importance for the water supply
of about 50% of the local urban population (Batista
et al., 2017), which already exceeds 870,000 inhab-
itants (IBGE, 2017), the area has been the object of
many studies.

Freshwater catchments for water-supply pur-
poses, such as the Coérrego Guariroba stream, re-
quire efficient and well-balanced planning, which
minimizes the negative impacts of certain types of
land use and land cover (LULC) on water resources,
particularly on the quality and quantity of water cap-
tured and retained in the soil, or available in rivers,
lakes or dams (Meneses et al., 2017). However, the
research carried out in the Guariroba basin has been
focused on management planning (Campo Grande,
2008), the estimation of soil loss due to water ero-
sion (Rodrigues et al., 2009), watershed delimitation
(Alves-Sobrinho et al, 2010), concentration time
(Almeida et al., 2014), erosion modeling (Anache et
al., 2015), good agricultural practices (WWF-Brasil,
2015), hydrochemistry of groundwater and surface
water (Leite et al.,, 2016), water resources potential
(Lastoria et al., 2017) and the vulnerability of the
unconfined aquifer (Batista et al., 2017).

Sustainable management of water and land
resources is currently a top priority on the agenda
of many countries around the world, which demands
information on the changes in land cover (LC) oc-
curring in watersheds, as these changes influence the
hydrological cycle (Desta et al., 2017). In this con-
text, a specific study on the anthropogenic chang-
es in LULC in the Guariroba catchment is justified,
as the region is an Environmental Protection Area
(APA) since 1995 (WWF-Brasil, 2015). Its conser-
vation is important due to the consequences of the
LC dynamics on water supply of the state’s capital of
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Mato Grosso do Sul (MS). This requires an accurate
estimation of present and past dynamics of LULC
and its possible consequences, which can be easi-
ly, quickly, accurately and inexpensively carried out
with the advent and development of integrated geo-
spatial techniques that combine the use of Remote
Sensing (RS) and Geographic Information Systems
(GIS) (Rawat & Kumar, 2015).

Several RS indices have been developed
and widely used for precise and consistent envi-
ronmental monitoring, planning and development
purposes, such as the Normalized Difference Veg-
etation Index (NDVI) (Rouse et al., 1974; Cecca-
to et al., 2002; Lillesand et al., 2008; Sinha et al.,
2015, Aburas et al., 2017). NDVI has been the most
used method in LC classification and land use (LU)
change studies, and one of the most used indica-
tors to detect changes on the land surface caused
by anthropogenic activity (Aburas et al., 2017). As
the index can be used in the analysis of vegetation
cover and spatiotemporal changes (Thakkar et al.,
2014), it was adopted in this paper.

Although the implantation of the water ab-
straction and adduction system to the urban area
occurred in 1985 (Campo Grande, 2012), the
Guariroba Reservoir was already built in 1984. In
the present study, Landsat imagery of 1984, 1996,
2005 and 2016 were processed and analyzed in the
open source software QGIS. In this way, the imag-
es demonstrate the changes that occurred since the
Corrego Guariroba’s stream damming. The LULC
data were collected considering the following as-
pects: the detection of changes, the identification of
the nature of the observed changes and their possible
consequences, and the determination of the area of
each LC class.

2 Material and Methods
2.1 Study Area

The study area corresponds to the Corrego
Guariroba’s stream catchment area, located in the
northwest portion of the municipality of Campo
Grande - MS, between 20° 28’ and 20° 43’ South
latitude and 54° 29’ and 54° 11” West longitude (Fig-
ure 1), occupying an area of approximately 36,200
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ha (Almeida et al., 2014). The area has a concrete
gravity dam, constructed in the early 80’s, creating a
reservoir on the upstream side of the dam with a vol-
ume of approximately 4 million m® in a 53 hectares
area, which is operated by a private concessionaire,
the Aguas Guariroba company (WWF-Brasil, 2015).

The wet season occurs between October and
March, and the dry season is well-marked between
May and September (Campo Grande, 2008). Soils
are derived mainly from sandstones forming a rela-
tively flat terrain; they have a strong limitation to in-
tensive agricultural use, mainly due to the extensive
and continuous sandy areas and the low water re-
tention capacity (Batista et al., 2017), presenting the
maximum agronomic potential use under artificial
pastures and commercial forests, especially eucalyp-
tus (Campo Grande, 2008). The typical vegetation is

the Cerrado, the Brazilian savannah, with a closed
to open canopy of deciduous and semi-deciduous
forests, closed or open shrubland and natural grass-
lands (Beuchle ef al., 2015). Gallery and riparian
forests are extensively found in the area, many times
associated with shrub-herbaceous and grassy wet-
lands with palms and palm swamps (Campo Grande,
2008). There have been found 42 springs in this re-
gion, which in most cases flow from the unconfined
aquifer by gravitational force, occurring in wetlands,
which are in advanced environmental degradation
status, what portrays the basin in general, under silt-
ing conditions, soil fertility loss and impairment of
water quantity and quality (WWF-Brasil, 2015).

Governmental incentives for conservation
practices have been implemented, since 2010 in the
watershed, such as the Manancial Vivo Program,
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which aims to restore the water potential and to con-
trol the diffuse pollution in the rural environment,
which is part of the Produtor de Agua Program of the
Agéncia Nacional de Aguas (ANA), executed by the
Secretaria Municipal do Meio Ambiente e Gestdo
Urbana (Semadur) (Batista et al., 2017). In addition,
the Agua Brasil Program, a partnership amongst
WWEF-Brasil, Fundagdo Banco do Brasil, Ministério
do Meio Ambiente and Agéncia Nacional de Aguas,
works on ecological restoration, soil conservation,
development of forest-livestock-crop integration
systems, and implementation of good agricultural
practices (WWF-Brasil, 2015).

2.2 Data Acquisition and Processing

The images were collected in the dry season,
what guarantees a better differentiation between the
phytophysiognomies avoiding incoherent respons-
es caused by phenological changes. All images
were acquired from the Earth Explorer page (http://
earthexplorer.usgs.gov), which belongs to the Unit-
ed States Geological Survey (USGS) website. The
Landsat data were used because they are georefer-
enced, orthorectified and atmospherically corrected
to surface reflectance by the USGS, with low abso-
lute radiometric calibration uncertainties (Sulla-Me-
nashe et al., 2016). The Landsat 5 images were
processed by the Ecosystem Disturbance Adaptive
Processing System (LEDAPS) and the Landsat 8
image was processed by the Landsat 8 Surface Re-
flectance (L8RS) system (Landsat 8 Product Guide)
(Zhu et al., 2016). Topographic effects were taken as
negligible as the local relief is mostly flat.

For this study, satellite images were selected
from the Path 224 Row 74 with no cloud cover on
the study site. The images used are: Landsat 5 The-
matic Mapper (TM sensor), of September 4, 1984,
August 20, 1996 and August 13, 2005 (Earth Explor-
er, 2000a; 2000b; 2000c) and the Landsat 8 Opera-
tional Land Imager (OLI sensor), of September 28,
2016 (Earth Explorer, 2015).

The software QGIS, version 2.10 (QGIS De-
velopment Team, 2016), was used to analyze and
process the satellite images for mapping. All data
were exported to QGIS and re-projected into the

Anuario do Instituto de Geociéncias - UFRJ
ISSN 0101-9759 e-ISSN 1982-3908 - Vol. 42 -4 /2019 p. 238-248

WGS84 cartographic system - Universal Transverse
Mercator Projection (UTM) 22 S (EPSG: 32722),
when necessary. In addition, Google Earth Pro
(Google, 2015) was used as an auxiliary tool in the
LC identification process.

2.3 Normalized Difference Vegetation Index

The Normalized Difference Vegetation Index
(NDVI), created by Rouse ef al. (1974), is defined
as an indicator of the balance between energy re-
ceived and emitted by terrestrial objects (Aburas et
al., 2017), being the best index used as a numerical
indicator of vegetation greenery, since it indicates
the chlorophyll amount and the green cover fraction
(Thuoma & Madramootoo, 2017). The NDVI can be
calculated using the equation 1:

NDVI = (NIR - R) / (NIR + R) (1)

where: NIR is the reflectance in the near-infrared
band (Landsat TM Band 4 or Landsat OLI Band
5); R is the reflectance in the red band (Landsat TM
Band 3 or Landsat OLI Band 4). The index varies
from -1 to +1. In the present study, the values found
for NDVI vary between 0.915 and -0.476. In which,
the greater the phytomass amount and the vegetation
density, the greater the chlorophyll amount and the
higher the NDVI response (Ponzoni ef al., 2015).

2.4 Land Use and Land Cover Classification

Landsat false-color composites (RGB NIR-
SWIR1-Red) for TM and OLI sensors at each date
were interpreted after the LC classification of Paran-
hos Filho et al. (2006) and Gamarra et al. (2016) for
the classes of LC found in the Cerrado. In order to
separate soil cover classes, the false-color compos-
ites and the NDVI of each studied year were used.
During the process of identification of the land sur-
face, Google Earth was used as a reference for the
validation of this classification. The watershed was
differentiated into five classes on the bases of the
NDVI values. The delineated classes were: Water,
Bare Soil, Grassland, Open Cerrado, Closed Cerrado
and Forest Formation, in which the vegetation was
divided according to their phytomass quantity.
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By recognizing the LC types according to
their spectral signatures in the false-color composite
and the reading of the NDVI values, it was possible
to adjust the NDVI response intervals appropriately
for all classes of each image. The classification took
into account the individually classified images, not
making comparisons between the pixels of the im-
ages. Thus, the difference of the areas of vegetation
coverage was calculated in order to verify variations
in vegetation cover. To produce the LU classifica-
tion map of 2016, the data of the LC map of 2016
was divided into only two classes, in which the por-
tions used for the development of farming activities
were classified as areas under anthropogenic change.
Forest fragments, Areas of Permanent Preservation
(APPs), Legal Reserves and other areas with origi-
nal or recovered natural vegetation, were defined as
native vegetation.

3 Results and Discussion
3.1 Land Use and Land Cover Classification

The NDVI intervals determined by the pixel
reading of each class identified on the false-color
composite can be found separately on Table 1. The
minimum and maximum values vary as the images
are from different years. Figure 2 shows the result of
the classification for each Landsat image, producing
LC maps.

After the LC classification, the area occupied
by each class of all classified images was calculated
for tabulation (Table 2).

In 1984, only small areas considered as Forest
Formation are found, possibly due to the selective

deforestation, fires and the impact caused by cattle
grazing and trampling caused by the expansion of
livestock farming. Some of the socio-economic ac-
tivities already existed when the urban water supply
was established in the area. These practices probably
led to the decrease in tree density in this year, by
converting woodlands to more open savannah for-
mations mostly mapped as Closed Cerrado. There
was a forest degradation although the carrying ca-
pacity may support the native forest ecosystems in
some areas, as it can be seen in the posterior years
when recovery in vegetation can be found. There
are several Bare Soil areas, characterized by burned
spots, including in APPs, which can be seen in the
false-color composite, possibly for the expansion of
agricultural boundaries what can be explained by the
geometric shapes of the bare areas (Figure 2).

According to Table 2, between 1984 and 1996,
there was an increase in Open Cerrado, caused by
the deforestation in denser vegetation areas (Closed
Cerrado) and the regeneration in Grassland and Bare
Soil areas. There was also an increase in the Forest
Formation class, which is more likely to be due to
the natural regeneration of the vegetation than to re-
forestation activities.

In accordance with Table 2, between 1996 and
2005, there was a loss of 5,028.7 ha of total native
vegetation (Open and Closed Cerrado and Forest
Formation), of which about 4,940 ha became Grass-
land. The Bare Soil area increased three times in this
same period probably due to the pasture degradation.
Figure 2 shows the trend of environmental degrada-
tion caused by the deforestation, generally causing
the suppression of natural vegetation even in the ri-
parian zones, characterized as APPs.

Land cover Range of NDVI values
classes 1984 1996 2005 2016
Water -1100.059 -1to-0.031 -1t0-0.015 -1t0 0.090
Bare Soil 0.059t00.175 | -0.031t00.040 | -0.015t0 0.050 | 0.090to 0.190
Grassland 0.175t0 0.350 0.040 t0 0.290 0.050t0 0.285 0.190 to 0.490
Open Cerrado 0.350 to 0.385 0.290 to 0.350 0.28510 0.360 0.490 to 0.600
Closed Cerrado | 0.385t00.510 | 0.350 to 0.440 0.360 to 0.440 0.600t0 0.740 | Table 1 Intervals
Forest of NDVI responses
; 0510 to 1 0440to 1 0.440to 1 0.740to 1 for all classes of the
Formation studied years.
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Figure 2 Land cover classification map for the catchment for each Landsat imagery (Original boundary from: Campo Grande, 1995).

Area in Hectares and Percentage

Land cover
classes Change between
1984 1996 2005 2016 1984 and 2016
Water 87.1(0.24%) 99.2 (0.27%) 92.7 (0.26%) 78.8 (0.22%) -8.3 (-9.53%)
Bare Soil 1,024.6 (2.83%) 49.1 (0.14%) 144.5 (0.40%) 74.9 (0.21%) -949.7 (-7.31%)

Grassland 20,700.5 (57.12%) | 23,944.2 (66.07%) | 28,884.1 (79.70%) 23,429.4 (64.21%) +2,729.0 (+13,18%)
Table 2 | Open

Total area | Gorado 4077.9(11.25%) | 6436.6 (17.76%) | 3,166.6 (8.74%) |  4,271.9 (10.54%) +194.0 (+4,76%)
occupied Closed

by cach | S0 9,870.8 (27,23%) | 3,753.1(10.35%) | 3,003.2 (8.28%) 3,839.1 (8.41%) -6,031.7 (-61.10%)
land cover
CIaSé’éﬁfg‘g Eg;‘ranseition 482.1(133%) | 1960.7(541%) | 9519 (2.62%) 962.8 (6.53%) +480.7 (+99,71%)
Ci‘;ﬁgﬁf Eucalyptus - - - 3,585.7 (9.88%) +3,585.7(+9.88%)
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The increasingly fragmented vegetation had
given space to managed pastures, demonstrating the
intense modification suffered by the region over the
years. Table 2 shows the LC change in percentage,
where it can be seen that the Grassland class already
occupied more than half of the total catchment area
in 1984. Several Grassland areas are degraded in
many parts of the watershed in all study years, as the
watershed has a carrying capacity with agricultural
suitability for pasture, forestry or integrated systems
in less than half of its area (WWF-Brasil, 2015).

Nevertheless, the areas currently used by man
for cattle raising (64.21%) and eucalyptus cultivation
(9.88%) occupy 74.09% of the total area. According
to Batista et al. (2017), the area occupied by pas-
turelands reached 82.68% in 2007, when eucalyp-
tus started occupying 1.80% of the catchment area
(totaling 84.48% for anthropogenic use), and also
accounted for 74.34 % and 6.10% of the catchment
area (80.44% of the total area) in 2013, respectively.

The Brazilian Forest Code establishes the pro-
tection of the riparian zone, even though, these areas
previously covered by forest have been replaced by
agricultural land, causing the reduction and isolation
of forest fragments, usually associated with water-
bodies. With regard to compliance with the actual
Forest Code in relation to the endorsement of 20% of
rural properties areas as Legal Reserves, it should be
noted that it was not possible to specify the situation
of each rural property. However, the information
obtained through the satellite images indicates that
many properties do not comply with the law.

Areas occupied by native vegetation in 1984
were 39.81%, which became 33.52% in 1996, and
19.64% in 2005, not even remaining the 20% of Le-
gal Reserve vegetation in the region during this pe-
riod, as determined by law (Provisional Measure No
2,166-67/2001). In 2016, there is a small improve-
ment in the areas occupied by the Cerrado, especially
in the APPs, due to the reforestation promoted by the
conservation, preservation and recovery programs in
the APA of the Corrego Guariroba stream, effective
as of 2010, not embraced initially by all landowners
but employed in many properties.

In 2016, eucalyptus plantations were found in
different stages of growth in the area, presenting con-
fusing responses with other spectral classes. They
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were differentiated however with the assistance of
Google Earth, separating them to be counted apart
from natural vegetation.

Between 2005 and 2016, there was a reduction
of 5454.7 ha (15.49% of the catchment) in Grassland
areas, of which 3585.7 ha (9.88%) were occupied
by Eucalyptus, in addition to the increase of 1952.1
ha in native shrub-woody vegetation, mainly in the
Open Cerrado class. In addition, portions of the
Open Cerrado class can still be used for cattle graz-
ing as cattle ranchers may still use areas with more
open vegetation in the Cerrado.

According to Pagiola et al., (2013), the pro-
gressive replacement of natural vegetation by cul-
tivated pastures, associated to certain situations in
which livestock and soil management are not com-
patible with the local carrying capacity, has gener-
ated significant erosion and silting processes in this
watershed. In 2016 there was the lowest water cov-
erage, according to Table 2 (0.22%), which is pos-
sibly caused by the sedimentation of approximately
700 m in the distal part of the Corrego Guariro-
ba stream, which is visible in the satellite images.
Most of this portion was not recognized by NDVI
as Water (Figure 2), due to the presence of sand-
banks formed by the accumulation of sediments
between 2005 and 2016.

In 2016, taking into account the 20% of Le-
gal Reserve area determined by law in the approx-
imately 36,200 ha area, it can be estimated that the
area occupied by Cerrado should represent some-
thing close to 7,240 hectares. The total Cerrado
(Open and Closed Cerrado and Forest Formation)
covers 25.48% (9,073.8 ha) of the catchment area.
The remaining area (1,833.8 ha) demonstrates that
the native vegetation cover is not enough to compre-
hend the APPs, as in 2008 these areas accounted for
3,918.8 ha (Campo Grande, 2008), and this number
has grown after the implementation of reforestation
activities with governmental incentives in 2010.
Since then, the existing improvement in LC char-
acterized by the recovery of native vegetation, is in
most cases limited to waterway surroundings.

As a result, although in 2016 the areas occu-
pied by Cerrado have increased by 5.84% in relation
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to 2005, the restoration is still not satisfactory, since
the APPs alone needed to have 1,035 hectares re-
stored (WWF-Brasil, 2015). This shows that neither
the APP nor the Legal Reserve amounts are satisfac-
tory; although not ideal, the data show that there was
an improvement from 2005 to 2016. The LU clas-
sification for 2016 (Figure 3) shows the separation
between areas under human-induced changes and
native vegetation.

3.2 Anthropogenic
Pressures and their Consequences

Understanding the LULC changes and the
pressures under which they have occurred is the key
to understand their consequences over the natural re-
sources, affecting the landscape. The changes have
been interrelated with the regional economy, polit-
ical cycles, environmental and cultural characteris-
tics of the area. Since there has been a growing trend
of grazing areas in the past, and in afforestation us-
ing commercial eucalyptus monocultures nowadays,
due to the regional economic demand. The expan-
sion of cultivated eucalyptus is associated with the

implantation or expansion of pulp and steel indus-
tries in the state (Batista et al., 2017). The lack of
regulations and changes in land policies can also be
drivers of such shifts in LULC.

Cattle grazing and trampling can promote the
creation of bare patches in meadows and that in-
creasing cattle numbers might degrade grasslands
(Sica et al., 2016). Overgrazing may lead to changes
in surface rigidity, organic matter content and soil
structure may affect the infiltration rate and hydrau-
lic conductivity in a catchment (Yan et al., 2013).
The land degradation and erosion processes impact
water resources due to the increase in surface run-
off and a more significant deposition of sediments
toward the Guariroba Reservoir, which might ac-
celerate the silting-up process, reducing its storage
capacity. As stated by Campo Grande (2012), only
between 2007 and 2011, siltation reduced 9.2% of
the 3,843,975.78 m? of the reservoir capacity.

The predominance of sandy soils may ex-
plain the low resistance of the surface against ero-
sion, favoring significant soil loss and high sediment
production in the basin (Anache et al., 2015). The
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sediment accumulation in waterbodies has already
been reported to significantly affect the vegetation of
wetlands in the watershed (Campo Grande, 2008).
Besides that, nutrients, pesticides and fertilizers can
also be carried with the sediments, leading to water
contamination (Moraes et al., 2017), affecting the
structure and functioning of aquatic ecosystems, be-
sides causing serious economic consequences, such
as the higher cost of water treatment (Taniwaki et
al.,2017).

Replacing pasturelands by eucalyptus planta-
tions may be beneficial in terms of soil protection
(Nasta et al., 2017), as eucalyptus presents larger
canopy coverage, supporting soil stability in rela-
tion to degraded pastures. Reichert et al., (2017)
mentions that even though eucalyptus has a greater
evapotranspiration rate than degraded grasslands,
it can benefit the land with a greater rainfall inter-
ception and lower stormflow, providing a better soil
structure and greater ground cover, reducing soil
degradation by erosion. The authors defend that an
increase in water production is also possible, due to
a greater water infiltration and retention into the soil,
and increased groundwater recharge.

However, the water consumption depends on
the species, age and management (Reichert et al.,
2017), the position of the plantations in relation to
their proximity to waterbodies and local climatic
characteristics (Vital, 2007). Therefore, a general-
ized conclusion on this subject is impossible and
studies are needed to better understand the hydro-
logical effects of eucalyptus in the watershed. The
favorable climate and the short rotation time of
these plantations represent an economic advan-
tage, but this cannot be the only factor to be taken
into account.

A large portion of the eucalyptus forests has
been planted close to headwater streams, putting
at risk the local water resources, as they may cause
negative impacts in the hydrological cycle. Plans for
the expansion of eucalyptus should aim to occupy
areas previously used for managed pasture, which
are already impacted, rather than areas with native
vegetation (Fernandes ef al., 2016). The plantation
should be avoided in areas where the water table lev-
el is shallower, such as in the northeastern part of
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the watershed and waterway surroundings (Batista
etal.,2017).

The major changes expected to happen in the
watershed due to the implementation of the public
programs for conservation and preservation were
the increase in native vegetation cover, reduction
of soil erosion and rehabilitation of degraded lands.
The satellite images show a little gain in vegetation
cover, mainly in APPs along the watercourses. The
recovery of degraded pasturelands, by the way it
has been carried out, seems to be difficult with the
alternative option of being replaced by eucalyptus
under an adequate management plan. The soil ero-
sion reduction does not seem to be effective since the
sandbanks in the distal part of the Corrego Guariroba
stream have enlarged in recent years.

The management plan for this Environmental
Protection Area, elaborated in 2008, characteriz-
es a first step towards planning of human activities
in this watershed. Nevertheless, there is a need for
the revision of the management plan of the APA, as
it has been developed based on the knowledge ac-
quired years ago. The development of agricultural
activities without a rigorous planning have led to the
degradation of the environmental resources due to
the attempt to have agricultural production in areas
in which the soil cannot afford the human demand.
Therefore, future studies are needed to better un-
derstand how each LULC type influences these re-
sources to achieve more effective and exact means
of conducting watershed management programs and
predicting their hydrological consequences.

4 Conclusion

The Coérrego Guariroba’s stream catchment
has been under agricultural activities that have
caused the continuous LULC change mainly for
cattle grazing, and lately eucalyptus plantation. By
mapping different classes of LC using Landsat imag-
es of 1984, 1996, 2005 and LU of 2016 the changes
on the land surface and the pressures that have pro-
moted them were identified.

The maps showed the direct influence of hu-
man activities (cattle ranching and lately eucalyptus
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plantation) on natural covers (Cerrado, the Brazilian
savannah), causing a drastic reduction in their sur-
face area. That was caused by the expansion of ag-
ricultural frontiers that was already occurring since
before the study period, representing a significant
change in the landscape caused by the degradation
and fragmentation of the native vegetation, especial-
ly in the period 1996-2005. The results showed the
first 21-year period presented frequent and severe
anthropogenic interventions in the environment.

The results highlight how the human-induced
change in the watershed represent more than 57% of
the total LC in all years, reaching 79.70% in 2005.
While in the last 11-year period the analysis shows
a small improvement in LC, which is characterized
by the recovery of native vegetation. Despite this en-
hancement, the human-induced use continues high
(74.09%), in 2016. Part of the small gain in native
vegetation is due to reforestation plans carried out
from 2010, which seems to be mostly restricted to
APPs limited to waterways surroundings. Although
the application of the governmental programs has
brought some initial positive outcomes, the results
show that in general there is a lack of areas occupied
by APPs and Legal Reserves, as required by the For-
est Code.

The results obtained in this study provided a
significant tool for a better understanding of the spa-
tiotemporal LC dynamics in the Cérrego Guariro-
ba’s stream catchment. Consequently, the general
man-made changes need to be constantly identified
in order to obtain the best available information to
support decision-making processes for the develop-
ment of sustainable activities in this significant area.
This methodology can be applied to other regions to
provide important information monitoring the land
surface for the development of improved watershed
management strategies.

5 References

Aburas, M.M., Abdullah, S.H., Ramli, M.F. & Ash’aari, Z. 2015.
Measuring land cover change in Seremban, Malaysia
using NDVI index. Procedia Environmental Sciences,
30:238-243.

Almeida, 1.K.; Almeida, A.K.; Anache, J.A.A.; Steffen, J.L. &
Alves Sobrinho, T. 2014. Estimation on time of concen-

Anuario do Instituto de Geociéncias - UFRJ
ISSN 0101-9759 e-ISSN 1982-3908 - Vol. 42 -4 /2019 p. 238-248

tration of overland flow in watersheds: a review. Geo-
ciéncias (Sdo Paulo), 3(4):661-671.

Alves Sobrinho, T.; Oliveira, P.T.S.; Rodrigues, D.B.B. & Ayres,
F.M. 2010. Delimitagdo automatica de bacias hidrogra-
ficas utilizando dados SRTM. Engenharia Agricola,
30:46-57.

Anache, J.A.A.; Bacchi, C.G.V.; Panachuki & Alves Sobrinho,
T.2016. Assessment of methods for predicting soil erod-
ibility in soil loss modeling. Geociéncias (Sdo Paulo),
34(1):32-40.

Batista, C.S.P.; Gesualdo, G.C.; Leite, P.C.C.; Lastoria, G.;
Gabas, S.G.; Cavazzana, G.H.; Casadei, .M. & Azoia,
T.S.2017. Aplicagdo do método GOD para avaliagao de
vulnerabilidade de aquifero livre em bacia hidrografica.
Aguas Subterraneas.

Beuchle, R.; Grecchi, R.C.; Shimabukuro, Y.E.; Seliger, R.; Eva,
H.D.; Sano, E. & Achard, F. 2015. Land cover changes
in the Brazilian Cerrado and Caatinga biomes from 1990
to 2010 based on a systematic remote sensing sampling
approach. Applied Geography, 58:116-127.

Brasil. Medida Provisoria 2.166-67, de 24 de agosto de 2001.
Altera os arts. 1o, 40, 14, 16 ¢ 44, e acresce dispositivos
a Lei n. 4.771 de 1965: codigo florestal. Brasilia, DF,
2001. Available in: <http://www.planalto.gov.br/cciv-
1103/mpv/2166-67.htm>. Acessed: June 20, 2018.

Campo Grande. Decreto 7.183, de 21 de Setembro de 1995. Ins-
titui a Area de Protecio Ambiental dos Mananciais do
Corrego Guariroba — APA do Guariroba, Localizada no
Municipio de Campo Grande-MS, e da outras Providén-
cias. DioGrande de 21 de setembro de 1995, p.8, 1995.

Campo Grande, P. M. Plano de Manejo da Area de Protegdo
Ambiental dos Mananciais do Coérrego Guariroba—APA
do Guariroba. Campo Grande, MS: PMCG, 2008.

Cavazzana, G.H.; Lastoria, G.; Gabas, S.G. & Bezerra, C.M.P.
2015. Analise de agressividade e incrustacdo das aguas
subterraneas na regido urbana de Campo Grande — MS.
Aguas Subterrdneas, 26(1): 83-97.

Ceccato, P.; Flasse, S. & Gregoire, J. 2002. Designing a spectral
index to estimate vegetation water content from remote
sensing data: Part 2. Validation and applications. Remote
Sensing of Environment, 82(2):198-207.

Desta, H.; Lemma, B. & Gebremariam, E. 2017. Identifying sus-
tainability challenges on land and water uses: The case
of Lake Ziway watershed, Ethiopia. Applied Geogra-
phy, 88:130-143.

Earth Explorer. 2000. Landsat 5 Images. Path 224, Row 074.
Date of capture September 09, 1984. Available in: http://
earthexplorer.usgs.gov/. Acessed: July 10, 2017. a.

Earth Explorer. 2000. Landsat 5 Images. Path 224, Row 074.
Date of capture May 20, 1996. Available in: Available
in: http://earthexplorer.usgs.gov/. Acessed: July 10,
2017.b.

Earth Explorer. 2000. Landsat 5 Images. Path 224, Row 074.
Date of capture August 13, 2005. Available in: http://
earthexplorer.usgs.gov/. Acessed: July 10, 2017. c.

Earth Explorer. 2015. Landsat 8 Images. Path 224, Row 074.
Date of capture September 28, 2016. Available in: http://
earthexplorer.usgs.gov/. Acessed: July 10, 2017.

Fernandes, G.W.; Coelho, M.S.; Machado, R.B.; Ferreira, M.E.;
Aguiar, L.D.S.; Dirzo, R.; Scariot, A. & Lopes, C.R.
2016. Afforestation of savannas: an impending ecologi-
cal disaster. Natureza & Conservagdo, 14(2):146-151.

247



Spatiotemporal Analysis of an Urban Water-Supply Watershed
Gustavo Facincani Dourado; Jaiza Santos Motta,
Antonio Conceigdo Paranhos Filho; David Findlay Scott; Sandra Garcia Gabas & Edna Maria Facincani

Gamarra, R.M.; Teixeira-Gamarra, M.C.; Carrijo, M.G.G. &
Paranhos Filho, A.C. 2016. Uso do NDVI na analise da
estrutura da vegetacdo e efetividade da protegao de Uni-
dade de Conservagdo no Cerrado. RA’E GA-O Espago
Geogrdfico em Analise, 37:307-332.

Google. 2015. Google Earth Pro. Version 7.1.5.1557. Available
in: <https://earth.google.com/>. Acessed: July 20, 2017.

IBGE. Instituto Brasileiro de Geografia e estatistica, 2017. Cida-
des. Available in: <https://cidades.ibge.gov.br/xtras/per-
fil.php?lang=&codmun=500270&search=mato-grosso-
do-sul|campo-grande>. Acessed: October 25, 2017.

Thuoma, S. O. & Madramootoo, C. A. 2017. Recent advances in
crop water stress detection. Computers and Electronics
in Agriculture, 141:267-275.

Lastoria, G.; Gabas, S.G.; Cavazzana, G.H.; Casadei, JM. &
Souza, T.A. 2017. Potencialidade dos recursos hidricos
na Bacia do Coérrego Guariroba, municipio de Campo
Grande — MS. Geologia Ambiental. 1:204-2013.

Leite, P.C.C.; Gesualdo, G.C.; Batista, C.S.P; Azoia, T.S.; Cava-
zzana, G.H.; Casadei, J.; Lastoria, G.; Gabas, S.G. 2016.
Hidroquimica das dguas subterrdneas e superficiais
na drea de prote¢do ambiental da Bacia do Guariro-
ba, Campo Grande MS. In: XIX CONGRESSO BRA-
SILEIRO DE AGUAS SUBTERRANEAS, Campinas,
2016. Anais, Sao Paulo: Associagdo Brasileira de Aguas
Subterraneas, 2016.

Lillesand, T.M.; Kiefer, R.W. & Chipman, J.W. Remote Sensing
and Image Interpretation. 5.ed. New York: John Wiley
& Sons, Inc. 2004. 763 p.

Meneses, B.M.; Reis, R.; Vale, M.J. & Saraiva, R. 2015. Land
use and land cover changes in Zézere watershed (Por-
tugal)—Water quality implications. Science of the Total
Environment, 527:439-447.

Moraes, M. C.; Mello, K.; Toppa, R. H. 2017. Protected arecas
and agricultural expansion: Biodiversity conservation
versus economic growth in the Southeast of Brazil.
Journal of Environmental Management, 188:73-84.

Nasta, P.; Palladino, M.; Ursino, N.; Saracino, A.; Sommella,
A. & Romano, N. 2017. Assessing long-term impact of
land-use change on hydrological ecosystem functions in
a Mediterranean upland agro-forestry catchment. Sci-
ence of the Total Environment, 605:1070-1082.

Pagiola, S.; VON Glehn, H. C. & Taffarello, D. 2013. Experién-
cias de pagamentos por servigcos ambientais no Brasil.
Sao Paulo: SMA/CBRN, p. 274.

Paranhos Filho, A.C., Gamarra, R.M., Pagotto, T.C., Ferreira,
T.S., Torres, T.G. & Matos Filho, H.J.S. 2006. Senso-
riamento Remoto do Complexo Aporé-Sucuriu. In: T.
C.S., PAGOTTO & P.R.D., SOUZA. Biodiversidade do
Complexo Aporé-Sucuriu: subsidios a conservagdo e ao
manejo do Cerrado: area prioritaria 316 Jauru, Campo
Grande, Editora UFMS, p. 31-44.

Ponzoni, F. J.; Shimabukuro, Y. E. & Kuplich, T. M. 2015. Sen-
soriamento remoto da vegetagdo. Oficina de Textos.

QGIS Development Team. 2017. QGIS Geographic Information
System. Open Source Geospatial Foundation Project.
Available in: <http://www.qgis.org/>. Accessed: April
10, 2017.

248

Rawat, J.S. & Kumar, M. 2015. Monitoring land use/cover
change using remote sensing and GIS techniques: A
case study of Hawalbagh block, district Almora, Uttara-
khand, India. The Egyptian Journal of Remote Sensing
and Space Science, 18(1):77-84.

Reichert, J.M.; Rodrigues, M.F.; Pelaez, J.J.Z.; Lanza, R.; Mi-
nella, J.P.G., Arnold, J.G. & Cavalcante, R.B.L. 2017.
Water balance in paired watersheds with eucalyptus and
degraded grassland in Pampa biome. Agricultural and
Forest Meteorology, 237:282-295.

Rodrigues, D.B.B.; Oliveira, P.T.S. & Alves Sobrinho, T. Esti-
mativa de perda de solo por erosdo hidrica na bacia do
corrego Guariroba, MS. In: 8° SIMPOSIO NACIONAL
DE CONTROLE DE EROSAOQ, Sio Paulo, 2009. Gestio
para prevengao e controle de processos erosivos, 2009.

Rouse, J.; Hass, R.; Schell, J. & Deering, D.W. 1974. Monitor-
ing the Vernal Advancement and Retrogradation (Green-
wave Effect) of Natural Vegetation, 362 pp. Texas A &
M University, Remote Sensing Center, College Station,
Texas.

Sica, Y.V.; Quintana, R.D.; Radeloff, V.C. & Gavier-Pizarro,
G.I. 2016. Wetland loss due to land use change in the
Lower Parand River Delta, Argentina. Science of the To-
tal Environment, 568:967-978.

Sinha, S.; Sharma, L.K. & Nathawat, M.S. 2015. Improved
land-use/land-cover classification of semi-arid decidu-
ous forest landscape using thermal remote sensing. The
Egyptian Journal of Remote Sensing and Space Science,
18(2):217-233.

Sulla-Menashe, D.; Friedl, M.A. & Woodcock, C.E. 2016.
Sources of bias and variability in long-term Landsat
time series over Canadian boreal forests. Remote Sen-
sing of Environment, 177:206-219.

Taniwaki, R.H.; Cassiano, C.C.; Filoso, S. de Barros Ferraz,
S.F., de Camargo, P.B. & Martinelli, L.A. 2017. Impacts
of converting low-intensity pastureland to high-intensi-
ty bioenergy cropland on the water quality of tropical
streams in Brazil. Science of the Total Environment,
584:339-347.

Thakkar, A.K.; Desai, V.; Patel, A. & Potdar, M.B. 2014. Land
use/land cover classification of remote sensing data and
their derived products in a heterogeneous landscape of a
Khan-Kali watershed, Gujarat. Asian Journal of Geoin-
Sformatics, 14(4):1-12.

Vital, M.H.F. Impacto ambiental de florestas de eucalipto. 2007.
Revista do BNDES, Rio de Janeiro, 74(28):235-276.

WWE-BRASIL. Portfélio de boas praticas agropecuarias adap-
tado a Bacia do Guariroba — Campo Grande, MS. Pro-
grama Agua Brasil, 2015.

Yan, B.; Fang, N. F.; Zhang, P.C. et al. 2013. Impacts of land use
change on watershed streamflow and sediment yield: an
assessment using hydrologic modelling and partial least
squares regression. Journal of Hydrology, 484:26-37.

Zhu, W_; Fu, Y.; Woodcock, C.E. et al. 2014. An assessment of
remote sensing algorithms for colored dissolved organ-
ic matter in complex freshwater environments. Remote
Sensing of Environment, 140:766-778.

Anuario do Instituto de Geociéncias - UFRJ
ISSN 0101-9759 e-ISSN 1982-3908 - Vol. 42 -4 /2019 p. 238-248



