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ABSTRACT: 
 
Evaluation of the MODIS Crop Detection Algorithm (MCDA) procedure for estimating historical planted soybean crop areas was 
done on fields in Mato Grosso State, Brazil. MCDA is based on temporal profiles of EVI (Enhanced Vegetation Index) derived from 
satellite data of the MODIS (Moderate Resolution Imaging Spectroradiometer) imager, and was previously developed for soybean 
area estimation in Rio Grande do Sul State, Brazil. According to the MCDA approach, in Mato Grosso soybean area estimates can be 
provided in December (1st forecast), using images from the sowing period, and in February (2nd forecast), using images from sowing 
and maximum crop development period. The results obtained by the MCDA were compared with Brazilian Institute of Geography 
and Statistics (IBGE) official estimates of soybean area at municipal level. Coefficients of determination were between 0.93 and 
0.98, indicating a good agreement, and also the suitability of MCDA to estimations performed in Mato Grosso State. On average, the 
MCDA results explained 96% of the variation of the data estimated by the IBGE. In this way, MCDA calibration was able to provide 
annual thematic soybean maps, forecasting the planted area in the State, with results which are comparable to the official agricultural 
statistics. 
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1. INTRODUCTION 

1.1 Current Methodologies for Crop Area Estimation

The agricultural production of Brazil has an important role in 
the world commodities market. Until now,
method for planted area forecast is not know
relevant to develop objective methods that can provide precise 
and timely estimates of crop production. The Brazilian agencies 
CONAB (Companhia Nacional de Abastecimento 
Company of Food Supply) and IBGE (Instituto Brasileiro de 
Geografia e Estatística - Brazilian Institute of Geography and 
Statistics are both responsible for the official agricultural 
statistics in Brazil. Currently, institutional methodology for crop 
forecasting in Brazil suffers from a large subjective component 
of the technical staff involved. It is well known that there is a 
confidence difficulty associated with subjective method
because they do not present an associated error measurement
other hand, the completely statistical-based methods 
not having a conceptual physics anchorage when
submitted to spatial-temporal analysis, which
throws them back to less objective approaches
Usually, the major limitation to optical remote sensing is high 
cloud cover incidence during key periods in order to identify 
annual crops (Sano et al., 2007). The best solution found to 
overcome the cloud cover issue is to increase the tempor
resolution of orbital sensors, but due to technical constrain
will reduce spatial resolution. The Moderate Resolution 
Imaging Spectroradiometer (MODIS) sensor
satellite provides an adequate imaging configuration, with an 
almost-daily revisit with a moderate spatial resolution of 250
which its favourable characteristics to map crops in large scale. 
Even when MODIS is not a viable option for detailed cropland 
mapping due to its limitation to resolve smaller field sizes, it 
still can provide cropland presence over large areas (
al., 2012; Rudorff et al., 2011; ABIOVE, 2010; Pittman et al., 
2010). The geometric quality of the images allows time series 
composition that performs good geolocation of pixels (Justice et 
al., 2002). 
Many studies have used MODIS imagery for agricultural crop 
surveys and monitoring. Lobell and Asner (2004) evaluated the 
impact of land use and soil cover for agricultural classification 
and observed an inverse relationship of the Mean Square Error 
(MSE) and field size, tending to stabilize for fields larger than 
500ha. Those authors also concluded that MODIS images have 
considerable advantages over Landsat images in the 
characterization of extensive agricultural crops, mainly due to 
their higher temporal resolution. Doraiswamy et al. (2005)
evaluated the quality of MODIS data to provide information on 
both crop yield and area. In the USA, Wardlow et al. (2007) 
investigated the applicability of MODIS/EVI time series data to 
map agricultural lands, and concluded that 16
of MODIS images gave sufficient spatial, spectral and temporal 
information to adequately separate crop fields from other land 
uses and also expressed the phenology and climate 
characteristics of the region. 
 
1.2 Soybean Crop Area Mapping in Brazil 

In Brazil, several works from government and Non
governmental Organizations efforts have tried to solve the 
problem of crop area mapping and forecast
(2010) used MODIS in a temporal-spectral surface response 
approach for mapping soybean in Mato 
obtained an overall accuracy of 80%. Even so, 
studies are modelled to few crop years and/or for a limited 
region, indicating good potential of MODIS data for crop 
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 Grosso State and 
overall accuracy of 80%. Even so, most of these 

studies are modelled to few crop years and/or for a limited 
region, indicating good potential of MODIS data for crop 

forecast, but not actually proving its usefulness within a routine 
and systematic crop forecast system (Gusso et al., 2012; Gusso 
et al., 2009), not able to provide timely soybean area estimates 
in an operational mode. Gusso et al. (2012) developed the 
MODIS Crop Detection Algorithm,
forecast system, with R2 greater than 0.95 and overall accuracy 
of 82% for several crop years in Rio Grande do Sul State, but 
also found mapping accuracy dependence from the mean field 
size (Lobell and Asner 2004), by using 250 meters spati
resolution. On the modelling of the physical
components of soybean crop areas 
the difficult is to understand the
involved, from one harvest to another
vegetation index. In this sense, the objective in this study is to 
evaluate the performance of the MCDA procedure adaptation to 
Mato Grosso State, in order to estimate 
of soybean in local and regional scales
 
 

2. MATERIAL AND METHODS

2.1 Study Area 

Mato Grosso State accounts for almost 27% of the total area for 
Brazilian soybean production, being
producer in the country (IBGE, 2011). It has 146 munic
as shown in Figure 1. 
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2.2 Materials 

As through fully described in Gusso et al., (2012) a set of 
several types of data was needed to accurately represent the 
physical conditions and management practices found in Mato 
Grosso: i) EVI data from 2000 to 2011 were extracted from 
MODIS sensor on board of Terra satellite, product MOD13Q1- 
collection 5 for 6 image Tiles (H11V09, H11V10, H12V09, 
H12V10, H13V09, H13V10) covering all Mato Grosso State; ii) 
Shuttle Radar Topography Mission (SRTM) data were used to 
generate a slope map with 90 meters spatial resolution, 
according to Rabus et al. (2003), in order to exclude areas 
improper for mechanization (slope >12%); iii) annual soybean 
agricultural statistics, in state and municipality level, (IBGE, 
1989) for the entire study area were used to compare and 
evaluate the results obtained from the present soybean area 
estimation procedure; iv) yearly rainfall data (2000 to 2009) in 
10 days accumulated precipitation for 11 meteorological 
stations, during the period from September to October were 
used to refine the period of initial sowing from INMET 
(Instituto Nacional de Meteorologia - Brazilian Institute of 
Meteorology); v) as a second source of information data, annual 
soybean agricultural statistics, at state level, (CONAB, 2011) 
for the entire study area were used also to compare and evaluate 
the results obtained from the present soybean area estimation 
procedure and IBGE; and vi) and TM images obtained from 
INPE (www.dgi.inpe.br) to perform crosschecking with crop 
area maps. 
The EVI data were chosen due to its very know potential to 
mitigate cloud cover effect, atmospheric and soil background 
effects (Huete et al. 2002; Justice et al. 2002). The EVI data is 
obtained from the MOD13Q1-V005 product, which is a 16-days 
composition with the best radiometric and geometric pixels 
selected. MODIS images and products were pre-processed by 
the National Aeronautics and Space Administration (NASA) 
and are available at no charge at https://wist.echo.nasa.gov/api/. 
 
2.3 Methodology 

The SRTM data were used to generate the land slope variable in 
order to exclude from the analysis all areas with slope greater 
than 12%, once soybean is a highly mechanized crop and 
requires relative smooth land to allow the traffic of farm 
implements. The soybean classification procedure used in this 
study was the previously named MODIS Crop Detection 
Algorithm (MCDA). The present work aims to adapt and test 
the MCDA, in a way to evaluate how MCDA adheres to both 
conditions A and B described in Gusso et al. (2012). According 
to MCDA approach, the variables are the following: Amp 
(amplitude, which is the difference between maximum and 
minimum EVI values); Lmin (is the lower minimum EVI value 
in a minimum image) and Umin (the upper minimum which is 
the maximum EVI value in a minimum image). Details of this 
procedure are available in Gusso et al. (2012). In order to adjust 
these two conditions into the algorithm for Mato Grosso, some 
parameters have to be defined based on the EVI temporal 
profile of the soybean. Adjustments of MCDA parameters, from 
now on, will be referred here as MCDA calibration. 
For Mato Grosso, the sowing period for each crop year must be 
defined based on rainfall, in agreement with the soybean zoning 
provided by MAPA (2009). In the study area, the sowing period 
normally starts during September. In order to cover the 
maximum vegetation development period, it is used four 
consecutive EVI images from DOY (Day of Year) 353 to 033. 
The challenge is to obtain the best Amp value that includes not 
only pure soybean pixels with high values in the maximum EVI 

image and low values in the minimum EVI image, but also 
mixed pixels located at the border of soybean fields. 
The procedure used to verify the map accuracy was overlaying 
Landsat TM5 images and the classification maps of the MCDA. 
The main orbits used were 224069 for Feb/7/2001, Jul/31/2006, 
Jan/23/2007 and Jan/12/2009; 227069 for Feb/12/2001, 
Jan/30/2002, Feb/7/2005, Jan/1/2009 and Jan/20/2010. 
It should be emphasized that MCDA calibration procedure is 
only completed when Mato Grosso parameters, which were 
chosen to represent the physical-driver components defined in 
the MCDA, can be used as the same input for all the analysed 
crop years. Therefore, once identified the parameters from the 
physically-driven components, no post-adjustment is allowed in 
a way to constrain dynamical adjustment process of the 
algorithm (Gusso et al., 2009). If some further adjustment is 
needed, in order to plot a better fitting of crop areas with 
Landsat TM5 images and statistics from IBGE, for one harvest 
or more, then this new parameter must run for all tested crops. 
The selected values are 3550, 500 and 3900 for Amp, Lmin and 
Umin respectively, on the MCDA calibration for Mato Grosso 
Sate. 
For forecasts, soybean area estimation and mapping can be 
provided right after the maximum mean EVI images became 
available, which normally occurs in early February. Even with a 
delay of about 20 days which is expected to acquire the 
MOD13Q1 product, the soybean estimation should be released 
no later than early March (2nd forecast of the MCDA). 
Alternatively to the 2nd forecast, the soybean area at a first 
estimate can be provided in mid-December of each crop year 
based on the minimum mean EVI image of the current crop 
year, as described in Gusso et al., (2012). In doing so, in order 
to completely cover the sowing period it was used DOY 225 to 
289 from MODIS/EVI. Typically, maize is sown earlier then 
soybean or right after soybean (MAPA, 2009), so, 
discrimination can be done based on EVI temporal profiles. 
However, when maize is sown during the same period as 
soybean, then it might be erroneously tagged, particularly for 
very well developed crop fields. Soybean will reach its 
maximum EVI values from DOY 0353 to 049. Soybean has 
significant higher values than dry maize cultivation and can be 
well discriminated, particularly during the period of DOY 353 
to 049. 
 
 

3. RESULTS AND DISCUSSION 

3.1 State Area Estimates 

The soybean area estimates of the MCDA (2nd forecasts) 
compared to CONAB and IBGE estimates, for the entire State 
of Mato Grosso, from 2001/02 to 2008/09, are presented in 
Figure 2. 
 

 
 
Figure 2. Comparison between MCDA (2nd forecast), IBGE and 
CONAB soybean area estimates for Mato Grosso State 
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The MCDA estimates for 2nd forecast in Mato Grosso fit quite 
well with the state estimates of IBGE and CONAB, with an 
observed maximum difference of -7.4% from IBGE, for 2001 
harvest estimate. A maximum overestimate of 4.6% from 
CONAB was observed for 2006 harvest. Due to the spatial 
distribution characteristics of the classified soybean area maps, 
municipal statistics from IBGE are able to be compared to 
MCDA soybean area estimates. Soybean area was estimated by 
municipality from 2000/01 to 2008/09 crop years and compared 
to official estimates provided by IBGE 
(http://www.sidra.igbe.gov.br) using regression analysis. A 
difficult to a quick update of current harvest is that IBGE 
municipality data are only published around a year after the end 
of the soybean season. 
 
3.2 Municipalities Area Estimates 

No early estimate could be provided for the 2000/01 because 
this was the first crop year for which MODIS data became 
available. MCDA calibration for Mato Grosso demonstrated 
that in comparing to current official methods for soybean area 
estimation in Brazil, the MCDA procedure represents not only a 
considerable gain in time but also in spatial information which 
can afford agrometeorological and LUCC studies. No regression 
analysis was made after 2009 because no later municipal 
information for crop years 2009/10 and 2010/11 were released 
by IBGE. In an overall comparison of MCDA with municipal 
data from IBGE, MCDA results are slightly underestimated. 
The coefficients of determination (R2) were between 0.93 in 
2002 and 0.98 in 2005, indicating good agreement between the 
estimates. Figure 3 presents a comparing of MCDA 
classification and Landsat TM5 over soybean crop areas for 
2010/2011 harvest. 

 
 
Figure 3. Sector enlargement in Mato Grosso State, for 
comparison between (A) soybean map classification from 
MCDA (2nd forecast) in 2010/2011 harvest and (B) Landsat 
TM5, orbit 227068, image (RGB/453) in January, 7, 2011. 
 
For an average of the nine harvests studied, the MCDA 
explained 96% of the variation of the data estimated by the 
IBGE. The test of b0 = 0 indicated that b0 was significantly 
different from zero (α = 0.05) for all tested crop years. This 
parameter with a positive value around 4,000ha indicates that in 
general, municipalities with lower values of soybean area 
(typically < 50,000ha) are slightly overestimated. 
The test of b1 = 1 indicated that b1 was significantly different 
from 1 (α = 0.05) for all tested crop years with most values 
around 0.88. This result indicates that, for municipalities with 
large soybean areas (typically > 200,000ha) the MCDA 
underestimated soybean area in relation to IBGE. The Root 
Mean Square Error (RMSE), for both forecasts of MCDA, in all 
crop years, were around 4,000ha, indicating that the MCDA 
estimates is consistent. In fact, fields with smaller areas are 
more subject to errors than those with larger areas, in agreement 
with Lobell and Asner (2004). Despite the moderate spatial 

resolution of MODIS and the soybean field size heterogeneity, 
the averaged behaviour of R2(Adjusted) = 0.95 and b1 indicates 
that MCDA is robust and that its physically-driven components 
representation is consistent.  
Chang et al. (2007) compared soybean area estimates generated 
by MODIS and by the USDA/NASS, and observed R2 values 
ranging from 0.44 to 0.94 and RMSE varying from 41,465 to 
120,955ha for the entire USA country. Regression analysis for 
the municipal soybean estimates from the MCDA procedure 
using only the 2nd Forecast, and from IBGE for crop years 
2000/01 to 2008/09 is presented in Figure 4. 
 

 
 
Figure 4. Regression analysis between soybean area estimates 
by MCDA (2nd forecast) and IBGE, for Mato Grosso state for 
the crop years 2000/01 to 2008/09. 
 
It is important to emphasize that the parameters defined in the  
MCDA for detection crop areas are constant, as a fixed criteria, 
despite of soybean crop area increases and independently of the 
dynamics of the crop years in Mato Grosso, during the period 
we studied the municipal data (from crop year 2000/01 to 
2008/09). Further adaptations of MCDA to other crops like 
maize, rice crops, cotton and sugar-cane are necessary. 
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4. CONCLUSION 

The MCDA calibration to Mato Grosso is based on a consistent 
and objective approach for estimating historical soybean crop 
areas using MODIS/EVI data. 
The MCDA methodology is able to provide annual thematic 
soybean maps, forecasting the crop area and so, assisting 
official soybean crop areas estimates, providing reliable spatial 
information. 
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