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ABSTRACT: The objective of this study was to analyze a spatiotemporal study of the vegetation dynamics of
the hydrographic basin of the Ribeirdo Cachimbal in Rio de Janeiro (Brazil), based on Moderate-Resolution Imaging
Spectroradiometer imagery acquired by the TERRA satellite. A total of 23 images were used for each year of El Nifio
(2005 and 2015), 250-m-resolution images from collection 006 of the 16-day Enhanced Vegetation Index (MOD13Q1)
product were used. Daily rainfall and temperature data were obtained from a conventional meteorological station at
Resende (Rio de Janeiro State), which were made available by the National Institute for Meteorology of Brazil. Simple
linear regression analysis was performed to evaluate the dependence of the temporal series of vegetation as a function of
the daily series of rainfall and temperature in terms of the significance of their correlation coefficients. Multivariate
analysis of the main components was also undertaken. The results of the simple linear regression between the vegetation
index and meteorological variables (temperature and rainfall) were significant in the respective years (p-value < 5%),
except for rainfall in 2015, which presented a value of 0.06 (p-value < 25%). Observing the trend, both years (2005 and
2015 showed an increase in vegetation in the study area (Z = 0.37 and 0.24, respectively). By quantifying the values of the
respective vegetation classes, it was possible to verify that a reduction of 40% had occurred in areas with dense vegetation
coverage by 2015. The vegetation dynamics of the Ribeirdo Cachimbal basin are influenced by rainfall and temperature
variables and they have greatest correlation in spring and summer.
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INTRODUCTION In the state of Rio de Janeiro, the

The causes and consequences of landscape
change have been studied in recent years with the
objectives of verifying the vulnerability of an area to
human actions and establishing how landscape
change might affect the cycle of life. According to
the Intergovernmental Panel on Climate Change,
some changes such as the increase in average air
temperature and the reduction in available fresh
water are consequences of changes in global
climatic conditions (IPCC, 2014).

Brazil is one of many countries that have
cleared most of their natural forests (HANSEN et
al., 2013), and farming activities, mining, electricity
generation, and oil extraction have promoted the
greatest landscape changes. The Atlantic Forest, one
of Brazil’s six biomes, is one area of considerable
concern because of the fragmented state of its
remaining forest (MMA, 2017).

development of economic produce such as coffee,
sugar cane, and cattle has led to a process of
degradation both of the Atlantic Forest and of its
soil (MENEZES, 2008; COUTINHO, 2012). Thus,
few remaining forest fragments can be found in a
landscape where degraded and abandoned pastures
constitute the dominant land cover (RIBEIRO et al.,
2009).

Among the regions in the state of Rio de
Janeiro that have become degraded by economic
activities, the mid-valley of the Paraiba do Sul River
still presents degraded environments resulting from
farming activities. This is because some areas that
are still used as pastures are not properly managed,
whereas other areas have been abandoned, which
has led to secondary growth at different stages of
natural succession (MENEZES et al., 2009).

Technological advances in the remote
sensing sector have produced satellites that
represent a significant resource for assessing the
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consequences of human activities on biomes such as
the Atlantic Forest. Sensors deployed on orbiting
satellites have supplied precise spatiotemporal
information for monitoring the continent and its
forest resources (KHATAMI et al., 2016). One
example is the Moderate-Resolution Imaging
Spectroradiometer (MODIS) sensor onboard the
TERRA and AQUA satellites, which represents an
important resource for monitoring the surface of the
earth via various forms of imagery (Ferreira et al.,
2015).

The Enhanced Vegetation Index (EVI),
based on MODIS sensor data, was developed to
monitor vegetation on spatiotemporal scales
sensitive to structural and architectural changes of
the canopy, which reflect the responses contained in
or supplied by vegetation, in addition to reducing
atmospheric and soil effects (HUETE et al., 2002).
Accordingly, many studies have used vegetation
indices (VIs) to investigate vegetation dynamics
temporally (e.g., SPANNER et al., 1990; HUETE et
al,  2002; BALDI; PARUELO,  2008;
ROSEMBACK et al., 2010).

Santana et al. (2016) used the EVI index
and climatic variables in La Nifia episode in the
municipality of Cunha, Sdo Paulo, Brazil, verified
that the rainfall presented good seasonal correlation
with the EVI in episodes of La Nifa extreme,
however, for the temperature were verified low
correlation values.

Considering the discussion above, the
objective of this study was to use the EVI and
meteorological variables to examine the vegetation
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dynamics of the Ribeirdo Cachimbal basin in
Pinheiral (Rio de Janeiro, Brazil) for the period
2005-2015 years of El Nifio.

MATERIAL AND METHODS

Study area

The study was conducted in the city of
Pinheiral (Rio de Janeiro State, Brazil), which is
located in the Ribeirdo Cachimbal basin
(22°29°03°°-22°35°27"°S, 43°54°497°-44°04°05"W;
Figure 1). The climate of the region is classified as
Cwa (i.e., temperate with dry winters and wet
summers) and Am (i.e., tropical monsoon with dry
winters) (KOPPEN, 1948). The region lies within in
the ecological domain of the Atlantic Forest, the
original vegetation of which is called Submontana
Semideciduous Seasonal Forest (IBGE, 2012).

The climate of the basin is classified as
Cwa, according to Koppen (1948). The original
vegetation was  Submontana  Semideciduous
Seasonal Forest, although pasture currently prevails
(MENEZES et al., 2009).

The predominant soils within the region are
Argissolos  Vermelho-Amarelos (Ultisol) and
Cambissolos Héplicos (Inceptisol), which occur in
the backslope, and Latossolos Vermelho-Amarelos
(Oxisol), which occur in the summit and shoulder
(SANTOS et al., 2010). The basin has a 360 m
elevation range, extending from an elevation of 360
m at the mouth of the Ribeirdo Cachimbal to 720 m
in the Serra do Arrozal (MENEZES et al., 2000;
MACHADO et al., 2010).
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Figure 1. Ribeirdo Cachimbal basin, Pinheiral-RJ (Brazil).
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2005 and 2015 MODIS images

The EVI is generated from collection 006 of
the 250 m resolution 16 day MOD13Q1 product of
the MODIS sensor onboard the TERRA satellite
(HUETE et al., 1999).

The EVI was formulated from a
combination of two other VIs: the Soil Adjusted
Vegetation Index (HUETE, 1988) and the
Atmospherically Resistant  Vegetation Index
(KAUFMAN; TANRE, 1992), and it is intended to
attenuate the effects of the soil and the atmosphere
on vegetation monitoring (Equation 1).

EVI:GX pNIR _pred
P T C1Xp 4 —C2xpy,, +L

where pyr = near-infrared reflectance, p.4 = reflectance in red,
G = gain factor (2.5), C1 = correction coefficient of atmospheric
effects for the red band (6), C2 = correction coefficient for the
blue band (7.5), ppue = reflectance in blue, and L = correction
factor for soil interference (1).

Processing of MODIS data was performed
using the preprocessor found in the algorithm for the
MODIS Reprojection Tool to transform the data in
HDF format to GEOTIFF format and, finally, to
convert the system to the sinusoidal projection for
UTM WGS 84. Overall, this study used 23 images
for each year of El Nifio (2005 and 2015) acquired
from the United States Geological Survey
(http.www.glovis.usgs.gov/) and El Nifio from the
National Weather Service/Climate  Prediction
Center.

The EVIs for 2005 and 2015 were
transformed into “.txt” files for interpreting and
quantifying the types of land cover for the period
studied, following the method proposed by Santos et
al. (2008).

Vegetation trend

To study the trend of the vegetation series,
monthly data from January—December for 2005 and
2015 were considered and submitted to the
nonparametric Mann—Kendall statistical test. The
Mann—Kendall test (Mann, 1945; Kendall, 1975)
considers that for a stable time series, the succession
of values must occur independently and the
distribution of probability must always remain the
same (random series).

Considering a time series Yi of n terms (1 <
1 < n), the statistics for the test can be expressed by:

n
§=2sen¥;=¥) @
Jj=i+l
where sgn (x) = 1 for x > 0, sgn (x) = 0 for x =0, and sgn (x) =
-1 for x < 0.
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For a series with a large number of terms
(n), under the null hypothesis (HO) of the absence of
trend, S presents a normal distribution with an
average of zero and variance:

1 q

Var(S) . n(n—1)2n+5) pZ_;tp(tp 1)t, +5)
(3)Based on analysis of statistic Z, the decision can
be made to either accept or reject HO, i.e., the
stability hypothesis for the data can either be
confirmed or rejected in favor of an alternative
hypothesis (i.e., of there being a trend in the data).
The sign of statistic Z indicates whether the trend is
growing (Z > 0) or decreasing (Z < 0).

By testing the statistical significance of S
for the null hypothesis using a bilateral test, it can
be rejected for large values of statistic Z, whereby:

S—1/[Var(S)]"* if S>0
Z=40 if S=0 4)
S+1/[Var(S)]"*  if S<0

The level of significance adopted for the
Mann-Kendall test was a = 0.05 = 5%. If
probability p of a test were lower than level a (i.e., p
< a), then the trend is significant; a value of p > a
confirms an insignificant trend. In samples that
show no trends, the value of Z is close to zero
(FERRARI et al., 2012; DELGADO et al., 2012;
MANN, 1945; KENDALL, 1975).

Relationship of vegetation with climate factors

The data for daily rainfall and temperature
were obtained from the conventional meteorological
station at Resende in Minas Gerais state (OMM
code: 83738), provided by the National Institute for
Meteorology of Brazil (2005 and 2015). After
preliminary analysis of the data of average rainfall
and temperature on the respective continuous days,
simple linear regression analysis was undertaken to
evaluate the time series’ dependence on the EVI as a
function of the daily series for rainfall and
temperature in terms of their coefficients of
correlation. Multivariate analysis was also
performed on the main components. The statistical
analyses were performed using the R 3.2.1 and
SPSS 15.0 programs.

RESULTS AND DISCUSSION

The simple linear regressions between the
EVI and the meteorological variables (temperature
and rainfall) (Table 1) were found significant in the
respective years (p-value < 5%), except for rainfall
in 2015, which was significant for a p-value of

Biosci. J., Uberlandia, v. 34, n. 3, p. 751-760, May/June 2018



Determining vegetation...

<25%. Correlation between the EVI and
meteorological variables was also observed by
Ribeiro et al. (2009), who evaluated the correlations

Table 1. Simple linear regression analysis.
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between climate variables and multitemporal EVI
series in natural forests and farm crops.

EVI
Statistical Parameters Rainfall Temperature
2005 2015 2005 2015
R2-Multiple 0.29 0.06 0.28 0.21
R2-Adjusted 0.26 0.02 0.24 0.17
Standard error 0.08 0.08 0.08 0.07
p-value 0.01 0.25 0.01 0.03

Observing the Mann—Kendall trend, an
increase in vegetation in the study area was verified
in both years (2005 and 2015) (Z = 0.37 and 0.24)
and the increasing trend was significant when
considering a p-value of <20%. However, when the
trend for the data set was evaluated considering both
years, positive and significant trends were observed
with a p-value of <5% (Table 2).

Table 2. Trend analysis through the Mann—Kendall test.

The significant and positive trends observed
for the vegetation dynamics in the Atlantic Forest
(Table 2) are related to the optimal correlation of the
EVI with the climate variables; thus, the EVI can be
considered an important tool for the study of
vegetation dynamics (SANTANA et al., 2016).

EVI
Statistical parameters
2005 2015 Total
Z 0.37 0.24 0.23
p-value 0.17 0.11 0.024

Legend: Z = statistical analysis of the Mann—Kendall test

Comparison of the EVI values from 2005
and 2015 with the seasonality of the rainfall and air
temperature variables revealed that the greater
average values (0.48 > EVI > 0.51) occurred within
the rainy season (October—March) and the lower
average values (0.39 > EVI > 0.40) occurred in the
dry season (April-September). It was verified that
the temporal patterns of the EVI coincided with the
seasonality of the environmental variables,
especially with average air temperature. The change
in average air temperature between the two years
was less than 0.70°C (i.e., a change from an average
of 22.33°C in 2005 to 23.02°C in 2015).

Deng et al. (2007) verified that rainfall did
not cause a large difference in the change of VIs
(i.e., the EVI and the Normalized Difference
Vegetation Index—NDVI) between two years in a
region of China with a subtropical climate, where
the annual average was 0.3604—0.3707 and 0.6886—
0.7077, respectively, between 2001 and 2004.

When the time series of the EVI was
assessed in terms of air temperature and rainfall for
the respective continuous days (Figure 2), the same
pattern was observed, i.e., a period of increase and a
period of decrease reflecting seasonality. The
seasonality of the EVI is related to the rainy and dry
seasons because of the reductions in the frequency
of rainfall and in the air temperature during the dry
season in the southeastern region. One of the
greatest EVI values was observed in the rainy
season (Figure 2).

A study by Wei et al. (2014), which
evaluated the spatiotemporal patterns of vegetation
dynamics and their relationships with climatic
changes in the Lake Qinghai basin using MODIS
time series data, observed that plant cover was
correlated closely with climate factors and that
rainfall was determinant for plant growth.
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Figure 2. Distribution of EVI values as a function of climate variables (rainfall and temperature). Legend: RO5:
rain in 2005; R15: rain in 2015; TOS: temperature in 2005; T15: temperature in 2015; EVIOS:
Enhanced Vegetation Index in 2005; EVI15: Enhanced Vegetation Index in 2015.

The results obtained by Ribeiro et al. (2009)
that correlated climate variables with the EVI in the
state of Espirito Santo suggested that in forested
areas, the photoperiod, rainfall, and relative
humidity were the variables with the greatest
influence (R> = 0.49). Conversely, in a farming
environment, temperature, relative humidity, and
rainfall were the variables that made the greatest
contributions (R*> = 0.45). Similar patterns were
found in this study, where air temperature
influenced the EVI dynamics and thus, these could
be connected, since there are large areas of pasture
and crop farms within the study area (MENEZES et
al., 2009).

Ferreira et al. (2015) observed a similar
pattern between the EVI and the NDVI using
MODIS sensor data, which expressed a pattern of
seasonality in the state of Goids. The authors
verified that better results were obtained for the EVI
compared with the NDVI because of the greater
saturation of the NDVI pixels. Similar results were
found in the state of Rio Grande do Sul in the
Atlantic Forest biome by Nora and Martini (2010),

where the EVI and the NDVI also presented
seasonal patterns, pointing to a decrease in the VI
values between the months of June and September
(i.e., the dry season).

One factor that determines the higher values
in the VIs between November and March and that
reflects greater plant vigor is the greater availability
of photosynthetic pigments that absorb radiation in
the red band more intensely. Furthermore, strong
reflectance recorded in the near infrared band could
be caused by the favorable conditions during this
period regarding the availability of water and solar
radiation (PONZONI; SHIMABUKURO, 2007).

It is important to emphasize that in dealing
with data regarding the maximum composition of
VIs, the maximum values represented in graphs
refer to those pixels with maximum values in the
images, i.e., regions with greater plant vigor. The
minimum values refer to regions with lower plant
vigor, while middle values represent averages
characteristic of the entire area. The range reflects
how much the values vary within the study area
(Table 3).

Table 3. Descriptive statistics of the EVI in the respective years.

Statistical P EVI
tatistical Parameters 2005 2015
Average 0.46 0.43
Standard error 0.02 0.02
Standard deviation 0.09 0.08
Minimum 0.32 0.28
Maximum 0.59 0.57

Based on the maps made following Santos
et al. (2008), the land cover classes were generated
according to the values of the changes in the EVI for
each category presented in Table 3. A change was
verified for 2015 in the land cover in the northern

and northeastern regions of the maps, and an
increase was observed in the fairly sparse vegetation
class in the Ribeirdo Cachimbal basin (Figures 3 and
4).
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In 2005, the vegetation in the Ribeirdo
Cachimbal basin was classified as sparse and dense

-44 -44 -44
H H H

756
SANTOS, G. L. et al.

vegetation and over 60% of the hydrographic basin
was covered by dense vegetation.
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Figure 3. Vegetation dynamics and land cover classes for 2005.

Regarding the classification of the EVI in
2015 (Figure 4), an increase was noted in the area of
sparse vegetation within the region. This can be
attributed to the fact that in this year the satellite
imagery detected a lower quantity of water on the
plant surfaces, which changed the reflectance of the
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area or even the deciduous effect; thus, providing a
reading indicative of less dense vegetation. The
study must be interpreted with care, because in
comparison with 2005, the area of dense vegetation
in 2015 changed by approximately 3000 ha.
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Figure 4. Vegetation dynamics and land cover classes in 2015.

When the values of the respective
vegetation classes were quantified, it was possible to
identify areas of fairly sparse vegetation and an
increase in the sparse vegetation class in 2015
(Table 3). This correlated with a 40% reduction in
the dense vegetation class. The use of VIs is

important in detecting and understanding vegetation
dynamics in different environments and landscapes.
It is considered that the EVI is the best index for
capturing seasonal and abrupt changes in vegetation
coverage (DARMAWAN, 2015).
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Table 3. Land cover quantification for 2005 and 2015.
2005 2015 Difference
Class
ha. % ha, %o %
Fairly sparse vegetation 0 0 37.5 0.34 0.34
Sparse vegetation 3893.75 35.96 6675 61.66 25.69
Dense vegetation 6931.25 64.03 4112.5 37.99 -26.03
Total area 10825 100 10825 100 -

Figure 5 shows the distribution of EVI variables influenced the EVI in the Ribeirdo
eigenvalues, the climate variables, and the Cachimbal basin more strongly during the rainy
continuous days in relation to the two first PCA season, as verified by the distribution of continuous
axes. It is noted that the rainfall and air temperature days.
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Figure 5. Multivariate analysis of the main components. Legend: ROS5: rain in 2005; R15: rain in 2015; TO0S:
temperature in 2005; T15: temperature in 2015; EVIOS: Enhanced Vegetation Index in 2005; EVI15:
Enhanced Vegetation Index in 2015; 1-353: continuous days.

CONCLUSIONS The vegetation dynamics of the Ribeirdo

Cachimbal basin in Brazil are influenced by the

The EVI was proven the best index for climate variables of rainfall and air temperature. The

capturing seasonal and abrupt changes in vegetation. strongest correlation occurs at times of greatest

The use of VIs has great potential for rainfall and highest temperature. Analysis of the

identifying land cover changes, crucial for studies EVI based on MODIS satellite imagery indicated a
seeking to provide information to support programs 40% reduction in dense vegetation in 2015.

aimed at recovering degraded areas.

RESUMO: O objetivo deste estudo foi de analisar espago-temporalmente a dindmica da vegetagdo da bacia
hidrogréfica do Ribeirdo Cachimbal, Rio de Janeiro, Brasil. Foram utilizadas um total de 23 imagens para cada ano de El
Nifio (2005 e 2015) do sensor Moderate-Resolution Imaging Spectroradiometer a bordo do satélite TERRA, da colecdo
006 com resolucdo espacial de 250 metros do produto de 16 em 16 dias Enhanced Vegetation Index (MOD13Q1). Os
dados de chuva e temperatura didrios foram obtidos da Estagdo Meteoroldgica Convencional de Resende, Rio de Janeiro,
disponibilizados pelo Instituto Nacional de Meteorologia. Foi realizada uma andlise de regressdo linear simples para
avaliar a dependéncia da série temporal da vegetacdo em funcdo das séries didrias de chuva e de temperatura e a
significancia dos coeficientes de correlagdo. E também uma andlise multivariada dos componentes principais. O resultado
da regressdo linear simples entre as varidveis indice de vegetacdo e meteoroldgicas (temperatura e chuva), foram
significativas nos respectivos anos (p-value < 5%), exceto para a varidvel chuva no ano de 2015 que apresentou 0,06%
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para um p-value menor que 25%. Observando a tendéncia, em ambos os anos (2005 e 2015) foi verificado o aumento da
vegetacdo na drea de estudo (Z = 0,37 e 0,24). Quando quantificados os valores das respectivas classes de vegetagdo pode-
se verificar que ocorreu uma reducdo de 40% da classe Dense vegetation em 2015. A dindmica da vegetacdo da bacia do
ribeirdo Cachimbal € influenciada pelas varidveis climdticas chuva e temperatura, sendo a maior correlacdo na estaciio de
primavera e verdo.

PALAVRAS-CHAVE: Mudanga da paisagem. Disponibilidade hidrica. Desastres ambientais. Processamento
de imagens.
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