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Abstract.  Crop monitoring is an important tool for agricultural man-
agement. Soybean is one of the most important crops in Brazil be-
cause it can be used as food and has an important role in the economy, 
especially in the Center-South region. The most common methods to 
monitor crop yield in Brazil are based on interviews and questionnaires 
made by the official organizations and answered by the producers. As 
an alternative to monitoring large areas, remote sensing data has shown 
the potential to improve crop yield monitoring. The objective of this 
study was to evaluate the applicability of using vegetation indices to 
monitor soybean yield in the Center-South mesoregions in the state of 
Parana. For this, we used Sentinel-2 imagery from 2019 and 2020 to 
calculate vegetation indices (NDVI, NDWI, EVI, and SAVI) and the 
soybean yield from the Brazilian Institute of Geography and Statistics 
(IBGE). The vegetation indices and soybean yield were correlated us-
ing regression analyses. The results were compared with the traditional 
methods generated by IBGE. Based on the vegetations index used, the 
EVI and NDWI had the best correlation with the soybean yield. Stud-
ies using more extensive time series analyses in different regions are 
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necessary to evaluate which of the vegetation indices are better for 
monitoring soybean yield to achieve sustainable crop management and 
production. 

Keywords: Remote sensing; Crop monitoring; Yield forecasting; Crop 
management.

1. Introduction

In Brazil, the beginning of soybean cultivation was in 1882, in the state of Bahia [1]. 
However, soybean only established itself more definitively in the country in 1914 in 
Rio Grande do Sul, when the varieties adapted to the country’s climatic conditions, 
mainly with questions related to the photoperiod [2]. Currently, soybean is very im-
portant for the Brazilian economy, since the export of the commodity easily exceeds 
R$ 10 billion annually [3]. In addition, the benefits caused by soybean are even great-
er, since for one out of every four dollars exported by the country are, in some way, 
linked to the production chain of the crop [3].

In the Brazilian Center-West region, the soybean production is most significant, 
where the mainly producers are the states of Mato-Grosso, Goiás and Mato Gros-
so do Sul, which were responsible for around 49.2% of the production of cereals, 
oilseeds and legumes in the harvest 2022 [4]. In addition, during the same harvest, 
it was expected that the produced volume of this commodity will be approximately 
118.8 million tons [4].

In Brazil, the monitoring of soybean production is officially carried out through the 
National Supply Company (CONAB) and the Brazilian Institute of Geography and 
Statistics (IGBE). However, most of these analyses occur through questionnaires and 
interviews with the producers that can result, under certain circumstances, in a sub-
jectivity analysis of crop production and productivity. On the other hand, it is import-
ant to highlight that remote sensing technologies have been used as a monitoring tool, 
but still on a smaller scale for crop yield estimation. Therefore, it would be a useful 
method to monitor soybean yield in an efficient and reliable way to improve the cur-
rently used by official organizations. In this context, remote sensing data as satellite 
images is an important tool to facilitate the monitoring of agricultural areas, such as 
area identification, yield estimation and agricultural management [5].

The use of satellite images and vegetation indices is a great alternative to the current 
way of information collecting in large areas, especially in crop production such as 
soybean. For example, the data from satellite sensors are taken in relatively short pe-
riods of time, some being taken daily, which would allow constant monitoring of the 
crop properties. Additionally, it is possible to monitor large areas, which would make 
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the process of obtaining data more efficient, since it would no longer be carried out by 
farmers, or some institutions that compiles the data from groups. In addition, the use 
of vegetation indices is an important variable to monitor soybean areas and could be 
used as a tool to estimate soybean yield, with relatively high efficiency.

Andrade et al. (2022) [6] used Sentinel-2 and Landsat-8 images, to calculate the 
NDVI index (Normalized Difference Vegetation Index), in order to propose a linear 
regression model to estimate soybean production on a farm in the city of Monte 
Alegre do Piauí - Brazil. The authors concluded that the model was more efficient 
for soybeans in the phenological stages V5, V6 and R2, that is, phases corresponding 
to vegetative 5, vegetative 6 and reproductive 2 (full flowering). The mean predic-
tion error was 153.9 kg/ha, which corresponds to 4.2% when compared to the data 
generated with plants obtained in the field. Other studies used vegetation indices and 
achieved good results in estimating the soybean yield, with R2 from Monteiro (2019) 
[10] to Skakun et al. (2021) [11].  

The monitoring of soybean productivity using remote sensing data and vegetation 
indices is extremely important to have a sustainable agricultural production and 
therefore to ensure food security. Moreover, the monitoring of soybeans areas using 
remote sensing data brings advantages for the agribusiness since it is possible to con-
trol the area, yield and management of the crop according to the laws and government 
policies ensuring environmental sustainability.

2. Methodology

The monitoring of soybean yield consisted of analyzing the relationship between 
soybean yield and vegetation indices. For this, first were selected the areas of soy-
bean production in the study region. After that were calculated the vegetation indices 
using images from the Sentinel-2 satellite. The vegetation indices were evaluated 
based on the correlation with the soybean productivity at a municipal level and by the 
rainfall variation in the region.

2.1. Dataset analyses
2.1.1. Study area

The study area is in the Central-Southern mesoregion of Paraná (Figure 1), with ap-
proximately 2,638,104.8 ha representing 13.20% of the entire extension of the state 
[7]. In addition, it comprises 29 counties, of which Palmas and Guarapuava stand out 
due to their economic and population numbers.
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Figure 1. Location of the study area in the central-southern region of Paraná. 
Source: (IPARDES, 2004)

2.1.2. Soybean yield from IBGE

The soybean productivity was obtained from the IBGE platform Automatic Recovery 
System (SIDRA) by the Systematic Survey of Agricultural Production - LSPA [8]. 
The LSPA provides estimates on planted areas, harvested areas, amount produced 
and average yield of crops. The data are available by municipalities. Therefore, files 
were downloaded in excel format (csv.) of productivity, referring to the years 2019 
and 2020 for the cities of the mesoregion. 

2.1.3. Soyabean maps

The land use map of the Central-Southern mesoregion of Paraná was used to identify 
the soybean areas. For this, it used the Map Biomas platform, which is a collabo-
rative network, formed by a group of universities, ONGs and technology startups, 
producing annually, among several other projects, a mapping of land use coverage 
throughout the Brazilian territory [9]. For this study, land use data were downloaded 
for the south-central mesoregion of Paraná between the years 2019 and 2020, using 
the Google Earth Engine platform. After that, it was selected just the areas within the 
soybean crop, classified according to the Mapbiomas project.
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2.1.4. Rainfall data

In addition to the vegetation indices, it was also necessary to use the rainfall data to 
understand the productivity data, since the climatic data has an important influence 
in the crop development. In this study, rainfall data was obtained from the database 
of the Paraná Water Institute [18]. The data obtained were the average of October, 
November and December between 2005 and 2019, for each municipality in study 
areas. It’s important to say that it was not possible to obtain accurate data from the 
municipalities of Campina do Simão, Cantagalo, Foz do Jordão, Mato Rico and Porto 
Barreiro.

2.1.5. Sentinel-2 imagery

We used images from Sentinel-2 satellite, a sensor created by the European Space 
Agency, which has a 10 meters of spatial resolution, along the objective of acquiring 
multispectral and high-resolution images of land use across the planet. The imagery 
processing was executed in Google Earth Engine platform, in a way that only images 
with less than 10% of cloud cover were considered. We selected images between 
the months of October and December of the years 2019 and 2020, according to the 
soybean development. 

The vegetation indices calculated were NDVI [12], NDWI [13], EVI [14] and SAVI 
[15]. These indices were chosen, primarily because they’re often the most used ones 
to make analysis regarding agricultural aspects and they are used to evaluate biophys-
ical information from crops [19]. After calculating the indices, the average values of 
NDVI, NDWI, EVI and SAVI were determined for the selected period, from October 
to December, of the year 2019, for the regions that produced soybeans. For each mu-
nicipality in the mesoregion, the average values of vegetation indices were calculated 
in each month of study and analysis. With the values of the vegetation indices, anal-
yses were carried out at a municipal level in relation to soybean productivity and the 
values of vegetation indices, through correlation analysis, considering the coefficient 
of determination (R²).

3. Results and discussion

It was observed that in most cases, the municipalities that had the highest average 
NDVI values from October to December also had higher productivity (Figure 2). 
The coefficient of determination (R²) using NDVI showed a value equal to 0,29. In 
general, the highest values of NDVI were associated with the higher yields. 

Also, it was possible to infer that this increase in productivity in the commented mu-
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nicipalities was due to the higher rainfall between 2005 and 2019 in the study area 
(Figure 3). However, it is important to consider the accumulated rainfall during the 
period of analyses, since the crop yield is influenced by climatic conditions consid-
ering the harvest cycle.

Figure 2: Comparison between productivity and average NDVI.

Figure 3: Comparison between rainfall and productivity.
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Using the NDWI index it was possible to identify that for the lowest values of NDWI 
the higher productivity was identified in the municipalities (Figure 4). Such behavior 
is expected, as this vegetation index is calculated from the green and near-infrared 
reflectance values, regions of the spectrum where the plant responds to photosynthet-
ic activity and cell structure and development, which are directly affected by water 
and dry matter values (which vary throughout the crop cycle) [16]. Therefore, during 
the months in which the study was carried out, soybeans are approaching harvest in 
the region, therefore, it is natural that the reflectance during this period is greater in 
the near-infrared. These data could also be confirmed through the R², with a value 
of 0.32, therefore a greater correlation was obtained for NDWI when compared with 
NDVI to correlate with soybean yield.

Figure 4: Comparison between productivity and average NDWI values.

The results for the SAVI index showed that the highest SAVI values are associated, 
in most cases, with the highest values of productivity (Figure 5). It is also interesting 
to mention that this behavior is very similar to NDVI, a fact that makes a lot of sense. 
This, considering that the SAVI was created from the NDVI, however having an 
adjustment of the ground factor, in the equation called L, to correct its interference, 
especially in places where vegetation cover is low [17]. This line of reasoning can be 
further corroborated by observing the R² value equal to 0.29, a value similar to the 
coefficient generated by the NDVI (R² = 0,29).
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Figure 5: Comparison between productivity and average SAVI values.

For the EVI index, a greater correlation was found between productivity and index 
values concerning NDVI and NDWI (R² equal to 0.45). Therefore, for the majority 
of municipalities, the highest EVI values are associated with the highest soybean 
productivity at the municipality level, as shown in Figure 6. The results were more 
accurate than the other two indices used. This is because the EVI, despite being sim-
ilar to the NDVI, presents atmospheric and soil correction factors. The dispersion of 
productivity and EVI data could also be observed, in which the R² was equal to 0.45 
(Figure 7). This is the highest correlation between productivity and vegetation index 
value in this study.
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Figure 6: Comparison between productivity and average EVI values.

Figure 7. Scatter plot comparing productivity values   with average EVI values.

4. Conclusion

The use of vegetation indices to monitor the soybean productivity is an important 
factor with great potential to forecast crop yield. The EVI was the index that present-
ed the best correlation with productivity, with R² equal to 0.45. Other indices, such 
as NDWI and NDVI, also showed great potential in monitoring the productivity of 
soybean, showing the importance of integrating and using more than one vegetation 
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index to evaluate crop productivity. However, it’s necessary to emphasize the impor-
tance of climate monitoring and management for obtaining even more satisfactory 
results. Finally, the vegetation indices can be an important tool to help the monitoring 
of food security and sustainability of the crop production.  
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