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Abstract 
The use of effective technologies for the monitoring of agricultural crops should seek methodologies that provide 
information regarding crop development, preferably before harvesting. The study of the monitoring and/or 
estimation of areas using vegetation indices derived from multitemporal data from MODIS sensors is being 
studied in the search for greater objectivity of the generated values. In this context, the objective of this study 
was to map areas with winter and second-crop corn using EVI/MODIS time series from the Terra and Aqua 
satellites, for the seasons from 2012 to 2014 in the Paraná state of Brazil. Accuracy analysis of the mappings was 
performed in spatial resolution images of 30 m (LISS-III and Landsat-8), to identify and validate the masks the 
crops of interest. The accuracy of the mapping obtained values of global precision 87.5%, 79.5%, and 82.0%, 
with Kappa index of 0.81, 0.69, and 0.73, in the 2012, 2013, and 2014 harvests, respectively. Comparing with 
data from the Brazilian Institute of Geography and Statistics (IBGE), the areas obtained by the mappings were 
underestimated for the second-crop corn in the 2012 and 2013 seasons and overestimated in 2014. The winter 
crops were overestimated for the three seasons investigated. The use of remote sensing data and techniques can 
contribute to a quick estimation of crop area information, and can assist in the surveys conducted by official 
institutions. 

Keywords: EVI, Earth & Aqua, vegetation index 

1. Introduction 
Brazil is globally recognized for its food production. This is mainly attributed to the availability of large 
agricultural areas, as well as technological advances in agriculture. The production of winter crops and 
second-crop corn is strong in the southern region of Brazil, where the climate favors their cultivation. Paraná 
State produced nearly 20% of second-crop corn and 59% of the total production of Brazilian winter crops in 
2015 (IBGE, 2016). The notorious importance of the production of the 2nd harvest corn and of the winter crops, 
led to the realization of studies that enable the estimation and monitoring of these crops using remote sensing as 
a tool to expedite the collection of such information. 

Currently, the monitoring of agricultural production in Brazil is still largely performed by questioning farmers 
and/or cooperatives, known as sampling, carried out by the Brazilian official bodies. This technique requires a 
long period of time becoming costly (Pino, 2001; Mercante, 2007; Silva Junior et al., 2014). Prior knowledge of 
agricultural production is important for national economic control and for supplying the internal market. As such, 
it is vital to obtain effective technologies that quantify the forecast of agricultural crops and the information from 
cultivated areas. 

In this regard, remote sensing techniques have been used in agricultural monitoring given that they allow for 
supervision of crop production dynamics. These dynamics follow seasonal patterns related to the biological plant 
life cycle, soil type, climatic variations, and agricultural practices (Atzberger, 2013). The use of satellite images 
with moderate spatial resolution and high temporal resolution, such as those from the Moderate Resolution 
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Table 2. Differences between the performed mapping (second-crop corn and winter crops) and official area 
(IBGE) for Paraná State, Brazil 

Crops Variables 2012 2013 2014 

Second crop corn 

IBGE area (ha) 2,039,241 2,150,710 1,898,614 

Mapped area (ha) 2,018,850 2,018,675 2,323,837 

Difference (Mapping-IBGE) -20,391 -132,035 425,223 

Difference (%) -1.00% -6.14% 22.40% 

Winter 

IBGE area (ha) 935,230 1,125,265 1,510,138 

Mapped area (ha) 937,825 1,153,752 1,535,301 

Difference (Mapping-IBGE) 2,595 28,487 25,163 

Difference (%) 0.28% 2.53% 1.67% 

Note. Source: IBGE (2016). 

 

Crusiol et al. (2016) mapped agricultural areas of the municipality of Londrina, Paraná, Brazil, for five summer 
harvests. When comparing the results obtained with official IBGE data, an overestimation of 31.93% and 
44.72% in relation to official data in the 1998/1999 and 2000/2001 harvests, respectively, was observed. This 
was in addition to an underestimation of 3.96% to 14.80% in the 2001/2002, 2006/2007, and 2008/2009 
harvests.  

Based on EVI/MODIS spectral-temporal behavior, Mengue and Fontana (2015) mapped summer crops in the 
state of Rio Grande do Sul, Brazil. When comparing the results obtained with the official IBGE data, an 
underestimation of 11.13% for soybean and an overestimation of 16.72% for irrigated rice were noted. 

Figure 7 displays the statistical indices ME and dr, and the rs value, with the second-crop corn yielding better 
results when compared to the winter crops. By analyzing the ME, it was confirmed that the area obtained by the 
mapping was underestimated on average by 7,621.26 ha for the 2012 and 2013 harvests and overestimated by 
42,522.34 ha in 2014 for the second-crop corn. Meanwhile, the method overestimated by an average of 1,874.85 
ha in the harvest of winter crops for all three years. When evaluating rs for the second-crop corn, there was a 
variation from 0.72 to 0.75. This indicates a strong correlation between the official data and the estimated data. 
On the other hand, rs varied from 0.40 to 0.60 for winter crops, indicating a moderate correlation between the 
official data and the data obtained by mapping to Andriotti (2009). The dr determines the accuracy of the method 
with positive values and close to 1 indicating better agreement, so the mapping for the 2nd crop corn presented 
dr of 0.84 on average and for the winter crops dr of 0.56 on average. 
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Figure 7. Relationship between data on official area (ha) and data obtained by the mappings (ha) of corn 

Second-crop corn (in red) and winter crops (in blue) for Paraná State-Brazil 

Note. ME: Mean error; dr: Willmott refined agreement index; rs: Spearman’s rank correlation coefficient. 

 

MODIS sensor data, as well as its products, have been employed by different authors using different 
methodologies. Kogan et al. (2013) evaluated the use of MODIS sensor data to predict winter wheat productivity 
in Ukraine. They used a regression model based on NDVI temporal data, meteorological data, and biophysical 
models. Their results verified that the NDVI model and biophysical model were overestimated between 32% and 
21% (for the months of April and May, respectively) in 2010 and underestimated between 21% and 14% (for the 
months of April and May, respectively) in 2011, in relation to official statistics. Li et al. (2014) proposed an 
algorithm for agricultural mapping using a MODIS sensor EVI time series. This resulted in field estimates that 
are consistent with the official data and in an accuracy assessment indicating 91% accuracy for the agricultural 
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areas.  

Based on mapping results, this study confirmed that the estimated values (mapping) differed between -6.14% 
and 22.40%, when compared to the official data. However, the official statistics are based on research obtained 
from farmers and cooperatives and agricultural finance data. These values are usually generalized, resulting in 
relative and imprecise data (Pino, 2001; Antunes et al., 2012; Johann et al., 2012). Antunes, Mercante, Esquerdo, 
Lamparelli, and Rocha (2012) verified that estimates given by official bodies such as SEAB/DERAL are 
obtained subjectively using planting intention surveys performed by sampling. According to Pino (2001), the 
IBGE uses subjective municipal information based on opinions of technical and economic agents. This does not 
allow for an accurate quantitative analysis of the errors involved and is susceptible to manipulation.  

When evaluating the mapping accuracy in relation to the reference (using medium spatial resolution 
images—LISS-III and OLI), according to Foody (2002), the accepted minimum value indicating the success of 
the classification was standardized at 85%, and Landis and Koch (1977) state that the KI closer to 1 indicates 
better quality in the classification. Therefore the results for GA and the KI were satisfactory. A factor that 
influences mapping is the size of the agricultural areas, which are often small, confusing the mapping and 
increasing the probability of pixels mixing. Souza, Mercante, Johann, Lamparelli and Uribe-Opazo (2015) 
mapped soybean and corn crops and concluded that soybean cultivation was better mapped compared to corn. 
This is probably owing to the large areas planted with soybean in the state, which makes mapping using the 
MODIS sensor easier. Corn cultivation is usually completed in smaller and more dispersed areas, increasing the 
probability of mixed pixels. 

Zhong, Hu, Yu, Gong, and Biging (2014), mapped soybean and corn in the state of Paraná and confirmed that the 
mixed pixel effect represents a relevant influence on classification accuracy, and that this effect depends on 
several pixel mixing patterns between the regions of the state. As such, in highly cultivated regions, many mixed 
pixels are influenced by crops and can be classified as agricultural areas. This results in overestimation of 
cultivated areas. On the other hand, in regions with no and/or very small cultivated areas, mixed pixels can be 
dominated by non-agricultural areas, resulting in an underestimation of cultivated areas (Li et al., 2014). Another 
possibility could be the spatial resolution of the MODIS sensor (250 m), given that in small agricultural areas 
(below the spatial resolution of the sensor), the effects of spatial heterogeneity have been noted (Li et al., 2014).  

The use of MODIS favors the mapping of agricultural areas based on temporal resolution. Nonetheless, given the 
image spatial resolution, the difficulty in mapping small areas using this sensor generates some errors in the final 
results. Further studies need to be carried out to minimize these obstacles in the use of the MODIS sensor. 

4. Conclusions 
The use of MODIS sensor multitemporal images along with the utilized classification method allow for the 
mapping of winter crops and second-crop corn. This enabled the identification, separation, and mapping of these 
crops for the state of Paraná, Brazil. 

The errors in the comparison between the estimated values (mappings) and the observed ones (IBGE) were in 
line with those presented in the literature. Spatial accuracy between mapping and reference data was satisfactory, 
confirming the effectiveness of the applied methodology. 

The use of remote sensing data and techniques can contribute to a quick estimation of crop area information and 
can assist with the surveys conducted by official institutions. 
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