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Abstract

The semi-arid region of Northeastern part of Brazil is under changes pressures driven by human activities or climate changes. This
study aims to assess the vegetation coverage in two periods, before the transposition of the Sdo Francisco River-East axis, and after
your implementation, in the Moxoté River basin using remote sensing techniques to determine vegetation indices, and investigate
the behavior of vegetation in the catchment area. The Normalized Difference Vegetation Index (NDVI) and the Soil Adjusted
Vegetation Index (SAVI). TM-Landsat5 image of 13/01/2009, and OLI-Landsat8 image of 04/02/2017 are used here. Radiometric
calibration steps, reflectance are developed to generate thematic maps of NDVI and SAVI. The NDVI showed average values for
2009 and 2017 like 0,256 and 0,264, respectively, setting a growth of vegetation cover and photosynthetic activity. The SAVI had
an average of 0,147 and 0,155 to years of 2009 and 2017, respectively. Differences were found between vegetable toppings
determined by NDVI and by SAVI. The exposed soil class had greater expression when observed in the thematic maps of NDVI,
once the SAVI, has the precept to reduce the brightness of the ground, and this index had a higher representation in the sparse
vegetation.
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1. Introduction According Brito (2013), water flows in rivers

and aquifers, as well as the volumes stored in them,

Water resources are at the heart of sustainable
development and the diversity of services promoted by
these contribute to poverty reduction, economic growth
and environmental sustainability (UNESCO, 2015).

Historically, much of the Brazilian Northeast
region live with long and frequent periods of drought.
The semi-arid region, which covers most of the
northeastern semi-arid and agreste region, is in this
situation, resulting in a large water stress. On the other
hand, in semi-arid zones, high evapotranspiration flows
occur, and accentuating the water deficits in the periods
without rainfall (Gheyi et al., 2012; Silva et al., 2014).

either naturally or artificially, constitute mobile water
reserves as they can be used outside the places where
the rains have fallen origin, through the construction of
"artificial rivers" (channels of transposition). In this
context, a transposition of water can have multiple
targets such as agricultural and industrial activities or
adduction for urban and / or rural supply.

The basic objective in the arid and semi-arid
regions is water security of which is to raise the level
of water supply for multiple uses, in areas that are at
the limit between supply and demand. The idea of the
transposition of waters and basins provide integration
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hydrological regions devoid, with waters from regions
with higher possibilities of supply and thus resolve
and/or minimize the problem of shortages in the region
(Brito, 2013).

A river basin can undergo environmental
changes due to many factors, as well as anthropic
perturbations such as changes in land use and
occupation, urban development, forest fragmentation,
among others (Constantini, 2012). According Melo
(2011), the Moxotd River basin, has a strategic location
in the northeastern semi-arid region, having featured
for the relevant contribution to the public water supply
in the region, in addition to presenting great economic,
social and cultural importance.

According to Oliveira et al. (2013), remote
sensing (RS) has reached high utilization rates, since
guality and agility represent an effective and
economically viable way to collect data, aiding in
monitoring and being able to model nature phenomena.
The RS has become an extraordinary technology for
obtaining climatic and environmental information,
because it allows the summary or detailed analysis of
the object of study, per to introduce, speed of data
processing, practicality and low cost.

Antunes (2014) argued that the classical
conceptualization to define RS refers to the use of
objects or phenomena of the earth's surface by means
of sensors, without direct contact with them. This
information is collected through electromagnetic
radiation, in which it is one of the main elements for
the understanding of remote sensing, along with the
source, the sensor and the target.

Among its instruments, RS allows the
observation of vegetation spectral parameters and
biophysical parameters of the landscape (Chagas et al.,
2008), providing analyzes of changes and alterations in
natural features through the modification of spectral
behavior, evidenced by the indices of vegetation.

According to Ponzoni et al. (2012), several
vegetation indices have been presented with the
objective of investigating the spectral properties of the
vegetation, as well as water body, specifically in the
visible and near infrared regions. Among the many
indices used to determine the vegetation cover, two of
them have been widely used: NDVI and SAVI.

The NDVI (Normalized Difference of
Vegetation Index), elaborate by Rouse et al. (1973), is
an important element for the study of climate change,
using vegetation as a calculation index. In addition,
assigning to the studied area a certain value that will
depend on the state of this vegetation, constituting an
important strategy for the monitoring of the changes

naturals or anthropogenic in the environment (Lopes et
al., 2010).

Radiation arriving at the surface of the Earth
(global radiation), upon reaching the vegetable surface,
interacts with it, and derives in three fractions. A part
of this radiation is absorbed by the pigments contained
in the leaf and participates in the synthesis of rich
compounds in energy. Another part of this radiation is
reflected by the leaves, a phenomenon called reflection,
range that applies, the NDVI. And the last stage, the
transmission process through the layers of leaves that
make up the treetops and leaves of plants (Lima et al.,
2013).

According to Ponzoni et al. (2012), the leaves
have a low reflectance in the region of the visible, fact
that is explained by the absorption of the radiation
under the action of the photosynthetic pigments, while
inside the leaves, a high reflectance occurs in the
region of the near infrared, which is caused by
scattering (reflectance and transmittance).

Looking for to minimize the effects of
background soil in the sign of the vegetation, Huete
(1988), proposed a vegetation index adjusted for soil,
the SAVI (Soil Adjusted Vegetation Index),
incorporating the L factor, which corresponds to a solo
tuning, in the denominator of the equation NDVI
(Marcussi et al., 2010). According to the same author,
this index is recommended for application in arid and
semi-arid environments.

In this context, this paper objective, aims to
analyze the vegetation cover through the NDVI and
SAVI in two periods, before the transposition- east axis
of the Sdo Francisco River, and after your
implementation, in the Moxot6 River basin, in the
municipalities of Custddia and Sertania, both located in
the Sertdo the Pernambuco.

2. Materials and methods

2.1 Characterization of the study area

The areas selected for this study are the
municipalities of Custodia and Serténia, located in the
upper area of the hydrographic basin of the Moxotd
river (Figure 1). This basin contemplates an area of
9,752.71 km2, with 90% in the territories in
Pernambuco and adding the rest of its area to the state
of Alagoas. The hydrographic basin is located between
the coordinates 07 ° 5221 "and 09 ° 19'03" South
latitude, and between the coordinates 36 ° 57'49 "and
38 ° 14'41" West longitude, and is inserted in the UP8
Water Planning Unit (APAC, 2017).

According to the Agéncia Pernambucana de
Aguas e Clima - APAC (2017), the main tributary of
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the hydrographic basin of the referent study, the
Moxoto river is born in the municipality of Sertania,
near the border between the states of Pernambuco and
Paraiba. S&o Francisco river has an extension of about
226 km. Because of its characteristic of pass by more
than one state, it is a watercourse under the control of
the Union. It has an intermittent regime with several
reservoirs along its course.

The municipalities of Custodia and Sertania
account for 88.6% and 100% of their area within the
hydrographic basin of the Moxotd river, respectively.
They have semi-arid climate with an average
temperature of 25 ° C and annual rainfall less than 700
mm. The predominant vegetation is the hyperxerophilic
caatinga. The rainy season is comprised from March to

July, during the rest of the year, drought predominates
(Melo, 2011; Gomes et al., 2016).

Rainfall data obtained through the APAC
website were used for understand the rainfall indices in
the study area. Monthly precipitation data were
collected from January to May, from the years referring
to Landsat images (2009 and 2017), used in this
research according to the graphic (Figure 2).

It is observed that the months of January to
May of the year 2009 totaled 934 mm and 591.9 mm,
in the pluviometric stations of the municipalities of
Custodia and Sertania respectively, and in 2017 totaled
420.5 mm and 247.6 mm, in the same municipalities
and in the same period of months.
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Figure 1 - Location of the study area.
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Figure 2 - Pluviometric regimen with monthly and accumulated values in the study area. a) Precipitation in 2009, b)

Precipitation in 2017. Source: APAC (2017).

2.2 Transposition of the waters of the So Francisco
River

The Séo Francisco River has great importance
for the Northeast region, and specially for the Semi-
arid. It is currently responsible for the water service of
111 municipal offices located near its banks. The river
is considered the main solution for the water supply of
semi-arid and Agreste of Pernambuco, semi-arid of
Alagoas and Sergipe and North semi-arid Norte of the
state of Bahia (ANA, 2006).

According to the Ministry of National
Integration (MIN), responsible for the project of
transposition of the waters of the Sdo Francisco River
in the Northeast, it consists of two main systems: The
Northern Axis and the Eastern Axis (Figure 3). In the
East Axis with 217 km, 96.9% of the work is ready,
and it will serve 4.5 million people in 168
municipalities of Pernambuco and Paraiba. In the North
Axis with 260 km, with 94.5% of the work is done, but
the final stretch still depends on bidding. The axis will

serve to 222 cities and 7.5 million people.

According to Ministério da Integracdo
Nacional (2000), the objectives contained in the
Transposition Plan - General Report are:

1. Increase the supply of water, in order to allow a
significant increase of its multiple uses in the region;

2. Contribute to the indispensable increase in the level
of guarantee required for water supply in the Northeast;
and

3. Create a major strategic axis of socioeconomic and
geopolitical ~ development for the  north-east
hyperborean.

All systems consist of several channels,
aqueducts, tunnels, reservoirs and lift stations.

The Northern Axis will take the transposed
waters to the semi-arid of the states of Pernambuco,
Ceard, Paraiba and Rio Grande do Norte. The East
Axis will bring benefits to the semi-arid and Agreste of
the states of Paraiba and Pernambuco, according to
information from the Ministry of National Integration.
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Figure 3 - Location of the Transposition Axes of the Sdo Francisco River.

2.3 Digital image processing for NDVI and SAVI
indexes

In this work, images from the Land Remote
Sensing Satellite (Landsat 5), Thematic Mapper (TM)
satellite, and February 4, 2017, from the Land Remote
Sensing Satellite (Landsat 8) Operational Land Imager
(OLI), both with 30-meter spatial resolution, purchased
free of charge from the USGS (United States
Geological Survey) Earth Explorer portal. For the
image processing, determination of vegetation indexes
and georeferenced charts, the free access software
QGIS version 2.14.13 was used in this paper.

2.3.1 TM — Landsat 5

For the processing of NDVI and SAVI in the
TM sensor of Landsat 5, spectral radiance and
reflectance of bands 3 and 4 were used. The first step to

obtain the NDVI and later the SAVI was the
radiometric calibration proposed by Markham and
Baker (1987), given by Equation 1:

b: — a;
L?xi =a;+ 1255 - ND (1)

Where: L; = spectral radiance of each band (W.m™ sr™*
um™). "a" and "b" = minimum and maximum spectral
radiance. ND = digital number (value between 0 and
255). i = each band of TM Landsat 5. with the values of
"a" (since 1994) and "b" (after 02/04/2007) defined in
the Landsat TM band descriptions Table 1, with the
wavelength ranges, calibration coefficients (minimum
radiance - maximum radiance - b) and spectral
irradiances in the top of the atmosphere (TOA).
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Table 1 — Wavelength data (um), calibration
coefficients (Wm™2.sr*.um™) and spectral irradiance at
the Top of the Atmosphere - ki; (Wm™ .sr't.um™)

Bands 3(red) 4 (IV near)
Wavelength (um) 0.626-0.693 0.776-0.904
Calibration Coefficients a=-1.17  a=-1.51
(Wm?2 srt.um™) b =264 b =221
khi (Wm? srt.um™) 1536 1031

Source: Adapted from Chander et al. (2009).

Monochromatic spectral reflectance of each
band (pA;), which is given as a function of spectral
radiance (L2;), spectral solar irradiance of each band at
the top of the atmosphere (kk;), zenith angle (Z), E is
the angle of elevation of the Sun in the image metadata,
and distance Earth-sun (dr) in given day of the year
(DSA), according to the equations obtained by Allen et
al. (2007):

(0 * Ly;)
Nz —— A 2
pAl ki * cosZ = dr @
s
coSZ = cos (E - E) 3
dr=1+0,033 (DSA*Z*“) (4)
r= , cos 365

2.3.2 OLI - Landsat 8

For the processing of the NDVI and SAVI with
radiometric data of the Landsat 8 OLI sensor, the
radiometric calibration was performed, which consists
of the conversion of the Digital Number (DN) of each
pixel of the image into monochromatic spectral
radiance (Equation 5).

Lai = My * Qeqr + Ay (5)

Where: L); is spectral radiance of each band (W.m™ sr
L pm™). My; is the multiplicative factor of each band,
found in the file metadata
(RADIANCE_MULT_BAND _i). A_ is the addition
coefficient ~ found in the file  metadata
(RADIANCE_ADD_BAND _i). i refers to the band
number. Qg are the digital numbers (DN)
corresponding to each image band (USGS, 2016).

The monochromatic reflectance was calculated
with the bands corresponding to the OLI sensor, were
converted to planetary reflectance from the reflectance
reshaping coefficient reported in the image metadata
file (MTL file), using Equation 6.

pAy = Mpi * Qa1 + Ap (6)

Where: pA'jis the planetary reflectance without the
correction of the sun angle. My, is the multiplicative
factor of each band, found in the file metadata
(REFLECTANCE_MULT_BAND_i). A, is the
addition coefficient found in the file metadata
(REFLECTANCE_ADD BAND i). i refers to the
band number. Qcal are the digital numbers (ND)
corresponding to each band of the image. However, it
is necessary to correct the reflectance according to the
zenith angle using Equation 7, (USGS, 2016; Ruhoff et
al., 2015, Silva et al., 2016).

3\ = pAy
PA = 1 @)
Sen(bOsg) * T

Where: pA; is the planetary reflectance with the
correction of the zenith angle; 6g; is the solar
elevation; d is Earth-Sun distance; present in the
metadata file.

After the reflectance correction, the NDVI
vegetation index and the SAVI using Equations 8 and
9, respectively, were estimated using the near infrared
(piv) and red (pv) bands, bands 4 and 3, of the TM
sensor Landsat- 5, and 5 and 4 of the Landsat-8 OLI
sensor.

2.4 Normalized Difference Vegetation Index (NDVI)

NDVI acts as a sensitive indicator of the
amount and condition of green vegetation. Their values
range from -1 to +1. For surfaces with some vegetation
NDVI ranges from 0 and 1; already for water and
clouds the NDVI1 is usually smaller than zero (Oliveira
and Galvincio, 2009).

The NDVI is obtained by the ratio of the
difference of the reflectivities of the near infrared (pi,)
and red (p,), and the sum of them.

(Piv — Pv)
— v v/ 8
NDVI (piv + pv) ( )

2.5 Soil Adjusted Vegetation Index (SAVI)

Soil characteristics have a considerable
influence on the radiation spectrum from sparse
vegetation canopy and, consequently, on the
calculation of vegetation indices (Huete, 1988). Thus,
in numerous studies, soil gloss (mainly on substrates of
dark soils) has shown an increase in the value of
vegetation indices such as NDVI.
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Huete et al. (1985) found that the sensitivity of
vegetation indices to soil material is higher in canopies
with average vegetation cover levels (50% green
cover). Therefore, an "L" constant is introduced in the
SAVI, which has the function of minimizing the effect
of the soil on the final index result. This constant was
estimated from Huete (1988) and introduced in the
experimental measurements of the calculated
reflectance for the near infrared and red bands in two
crops and pasture, with optimal values: L = 1 (for low
vegetation densities); L = 0.5 (for average vegetation
densities); L = 0.25 (for high vegetation densities).

In general, the factor L = 0.5 offers a spectral
index higher than NDVI for a wide range of vegetation
conditions, but its limitation is the need to be analyzed
for different biomes and agricultural situations (Huete,
1988). This index is calculated by Equation 9.

(1 + L) * (piv - pv)
= 9
SAVI (piv + Pv + L) ( )

3. Results and Discussion

For the classification of the vegetation indexes
of the present study, the methodology proposed by
Chagas et al. (2008), which relates the reflectance
values of the biophysical index to the vegetation
density (Table 2).

The classes used to interpret vegetation indices
were the same for NDVI and SAVI. In Figure 4, it is
possible to observe the calculated NDVI in the upper
region of the Moxoto river basin for the years 2009 and
2017.

According to Figueirédo et al. (2013), the
negative values of NDVI and SAVI represent water
bodies and / or clouds. Oliveira et al. (2013), argued
that NDVI classes with lower values (0.00 - 0.20),

located in urban areas, constitute stressed vegetation or
an area degraded by anthropic action, due to water
scarcity, which has the consequence of exposure with
deforestation and  environmental  degradation.
According to Huete and Tucker (1991), the NDVI for
the exposed soils are generally in the range of 0.05 to
0.30, however, due to the optical properties of the soil,
a strict range of values of NDVI for soils with little or
no vegetation.

Table 2 - Classes of vegetation and land use and their
respective biophysical index-image reflectance values.

Classes of vegetation
9 Reflectance values

and land use
Dense vegetation >0.35
Transition vegetation 0.30a0.35
Sparce Vegetation 0.25a0.30
Weak vegetation 0.20a0.25
Exposed soil 0,00a0.20
Bodies of Water < 0,00

Source: Adapted from Chagas et al. (2008)

From the analyzes of the georeferenced charts
of the NDVI (Figure 4) and Table 3, in which it
expresses the percentage of each class, it was verified
that in 2009 the types of water bodies (0.224%) and
dense vegetation (14.755%), were predominant in the
study area, and that in 2017 the studied region
presented less soil exposure, a reduction of 17.02%,
and a larger contribution of sparse vegetation,
representing an increase of 26.20% for the same period
of the year. These scenarios may be related to the
pluviometric contribution in the year 2009, which was
higher than the year 2017 (Figure 2). As observed in
Figure 4, the 2009 NDVI presents several water bodies,
in which they were not identified in the NDVI of 2017.
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Figure 4 - Results for NDVI for the upper region of the Moxotd River Basin. (a) Day January 13, 2009. (b) Day

February 4, 2017.

Table 3 - Percentage of NDVI classes analyzed

NDVI 2009 NDVI 2017
CLASS Area (ha) Area (%) Area (ha) Area (%)
Bodies of Water 854.82 0.224 14.13 0.004
Exposed soil 94573.82 24.733 29488.05 7.712
Weak vegetation 136442.90 35.682 122618.88 32.067
Sparse vegetation 59585.51 15.583 159787.80 41.787
Transition vegetation 34505.66 9.024 52864.38 13.825
Dense vegetation 56422.73 14.755 17612.19 4.606
TOTAL 382385.43 100 382385.43 100

The values for dense, sparse and sparse
vegetation for NDVI corroborate others obtained in
existing studies, in other regions such as Chagas et al.
(2008), Oliveira and Galvincio (2009), Oliveira et al.
(2013) and Brito et al. (2015).

Another interesting aspect, comparing the
NDVI of the years studied, was the fact that the study
area was modified in eight years, highlighting the S&o
Francisco River Transposition channel (Figure 4), in
the NDVI of 2017, absent in the index of It is worth
noting the absence or the small presence of vegetation
along the edges of the canal, which should be
composed of ciliary forest, which according to
Carrenho et al. (2001), the ciliary forests are
fundamental in the conservation of rivers, in the quality
and quantity of water in the springs, cooperating with
the maintenance cycle of local biodiversity.
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Table 4 presents some statistical parameters for
the NDVI presented in this study, considering values
smaller than 0 (zero) going to greater than 0.78. These
values show features on the terrestrial surface with
photosynthetically active vegetation relating the
biomass and the chlorophyll content present. This
result agrees with Oliveira et al. (2013) when they
detected NDVI higher than 0.80 in the catchment area
of the basin Tapacura river.

In SAVI, in which it is one of the indices
considered hybrids, to use the ratio of bands with
adjustment parameters to minimize the effect of the
presence of soil in the middle of the vegetation. The
adjustment parameters may or may not consider the
soil line coefficients, but always express the intention
of minimizing the soil bottom effect (SANTIAGO et
al., 2009).
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Table 4 - Statistical values of NDV1 analyzed In Figure 5, the lowest values of the SAVI
index are areas with exposed soil or sparse vegetation,

Image Min Mean Max Stand. Dev. with emphasis on the S8o Francisco River

Jan 09 - NDVI  -0582 0256 0.774 0.007 Transposition channel in 2017, and the highest SAVI
Fev17 - NDVI -0.455 0.264 0.785 0.003 values are areas with dense vegetation (green dark).

When analyzing the georeferenced charts of the

In Figure 5, it is possible to observe the SAVI SAVI (Figure 5) and Table 5, with the percentage

calculated in the upper region of the hydrographic values of each class, it is verified that the results

basin of the Moxotd river for the years 2009 and 2017. express similarities in rel_atlon to the results obtained

It is observed that the negative values of SAVI with the NDVI values (Figure 4). However, the SAVI

are representing the water (blue color), present mainly highlighted the influence of the exposed soil, mainly at

in the 2009 SAVI. the Dbeginning of the resumption of vegetation

development in the studied areas.
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Figure 5 - SAVI result for upper region of the Moxot6 River Basin. (a) Day January 13, 2009. (b) Day February 4,
2017.

It is observed that the sparse vegetation class The values for vegetation of the SAVI
obtained a high percentage, in the year 2017 compared corroborate others obtained in existing studies, in other
to the year of 2009. In analyzing Tables 2 and 4, it is regions such as Novas et al. (2009), Oliveira and
verified how much the SAVI, has the utility of Galvincio (2009), and Cruz et al. (2011).
reducing the effects of the soil when compared to the Table 6 presents some statistical parameters,
NDVI, since the percentage of the Solo class exposed for the SAVI presented in this study, we consider
was reduced from 24.73% to 17.18% in 2009 and values less than 0 (zero) going to greater than 0.63.

7.71% to 1.536% in 2017.
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Table 5 - Percentage of SAVI classes analyzed

SAVI 2009 SAVI 2017
CLASS Area (ha) Area (%) Area (ha) Area (%)
Bodies of Water 854.82 0.224 14.13 0.004
Exposed soil 65701.28 17.182 5874.39 1.536
Weak vegetation 115537.9 30.215 38372.85 10.035
Sparse vegetation 133709.70 34.967 311336.28 81.419
Transition vegetation 31242.26 8.170 18459.90 4.828
Dense vegetation 35339.51 9.242 8327.88 2.178
TOTAL 382385.43 100 382385.43 100

Table 6 - Statistical values of SAVI analyzed

Image Min  Mean Max Stand. Dev.

Jan 09 - SAVI  -0.526 0.147 0.639 0.002
Fev17-SAVI -0.089 0.155 0.540 0.001

Comparing the statistical values of NDVI to
SAVI, we can observe that the second one has as a
precept to minimize the effect of soil on the result of
the index. This result is according to Huete (1988),
where NDVI has problems in identifying the vegetation
cover in these cases in which the vegetation is sparse,
so the SAVI model has the purpose of having a global
application, that is, to deal with the effects of the
variation of density between vegetation and soil.
Therefore, the effect of the soil on the result of the
index is smoothed in relation to the NDVI.

4. Conclusions

The analysis of the vegetation indices applied
in the upper region of the Moxot6 river basin showed
differences between the vegetation cover determined
by the SAVI and NDVI, before and after the
Transposition of the Sdo Francisco River.

The Normalized Difference Vegetation Index
(NDVI) and the Soil Adjusted Vegetation Index
(SAVI) presented similar spatial dynamics in the years
studied, showing the expansion of urban areas, as well
as the characterization of the S&o Francisco River
Transposition channel and the temporal dynamics of
the terrestrial surface, in the upper region of the
Moxoté river basin - PE, using orbital images TM
Landsat 5, and OLI Landsat 8.

NDVI presented mean values for 2009 and
2017 of 0.256 and 0.264, showing a vegetative cover

growth and photosynthetic activity. SAVI, meanwhile,
had averages of 0.147 and 0.155 for the years of 2009
and 2017, highlighting its correction to soil effects.

Using the NDVI and SAVI indexes, it was
possible to identify with greater precision, not only the
areas of vegetation cover, but also the changes in the
temporal behavior of the environment, as well as the
anthropic interventions such as the Sdo Francisco river
transposition channel.
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