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Mapping a Dynamic Region

13 Years of
Land Use Change

Over the past four decades, Brazil’s cerrado
(savanna) biome has transitioned from a land
of sparsely inhabited forests and shrublands
to an agricultural powerhouse.
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The goal of this research is to determine the
nature of cropland expansion and cropland
intensification across the cerrado between
2001-2013.

Soy

Soy/corn

Corn

Soy/cotton

Cotton

Irrigated

Map Accuracy

Producer Accuracy

The graphs show the producer accuracy (upper)
and user accuracy (lower) of the center maps.
With the exception of the 'not mechanized
agriculture' class, the heights of the bars
correspond to the total area encompassed by
each land cover type over the study period.
The area of 'non mechanized agriculture' is
too large relative to the crop classes to
create a bar of the proper scale, requiring a
y-axis break.

Brazil is highlighted with different
biomes shaded in different tones of
green. The cerrado, a biodiversity
hotspot spanning over 2 million km2, is
highlighted in white. The study area,
outlined in purple, encompasses the
states of Mato Grosso (MT), Goias
(GO), Maranhao (MA), Tocantins (TO),
Piaui (PI), and Bahia (BA). The four
latter states are collectively known as
MaToPiBa. The purple box also
corresponds to the extent of the
center maps.

Total number of validation points for each class:
not mechanized agriculture (297); soy (346);
double cropped corn(56); single cropped corn
(108); cotton (76)

Conclusions
Land use and land cover was mapped with a high degree of accuracy using our cerrado-tailored
decision-tree algorithm.
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Methods
Moderate Resolution Imaging Spectroradiometer (MODIS)
Enhanced Vegetation Index (EVI), Day of Year (DOY) and
Quality Assurance (QA) data (MODIS13Q1) collected over the
cerrado since August 2000 were acquired and processed.
Invalid and low quality pixels were replaced with interpolated
values.
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Training and validation points for each growing season were
collected from Landsat data using Google Earth Engine.

With these new thresholds, we revised our initial, accurate,
Mato Grosso-focused decision-tree algorithm to incorporate
land uses and land covers present across the entire cerrado.
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Quantitative metrics associated with the phenologies of
various land covers (right), crop calendars, and field-based
knowledge were determined. These metrics and thresholds
include EVI growing season standard deviation, growing
season length, and crop-specific EVI maxima.

The single cropped corn class was the most problematic, specifically in western Bahia where it is
most abundantly cultivated. Single cropped corn was often classified as as soy due to their
similar phenologies. Soy attains higher maximum growing season EVIs than corn, but rainfall
and other factors can make this threshold less reliable. Soy is rarely confused for corn.
GOIAS did not see much expansion in large-scale mechanized agriculture over the 13-year period.
Total land in agriculture expanded from 2.9 to 3.2 million hectares. Sugarcane area
expanded 8-fold to 850,000 hectares by 2013.
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MATO GROSSO saw both an increase in agricultural area and intensification, specifically soycorn double cropping. Total land in agriculture doubled from 3 to 6 million hectares, while the
amount of land in soy-corn double cropping increased 6-fold to 3.8 million hectares.
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Overall accuracy was
87.3%
with a K of 0.81
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Brazil was a top three producer and exporter of all
of the products listed above. Over half of
Brazil's agriculture occurs within the cerrado.

*Bar heights correspond
to the spatial areas of each
class.
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The MATOPIBA region, a relatively new agricultural frontier, saw agricultural area increase from
3 to 6 million hectares across the four states.
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Can Brazil Help Feed 9 Billion?
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The Brazilian government is looking toward the MaToPiBa region as its newest agricultural frontier. Should
we expect the a similar trajectory in this region as that of either Mato Grosso or Goias?
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MODIS EVI training data time series
of various land uses and land covers
present across the cerrado.
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To see animations of land use change across
the cerrado between 2001 and 2013 scan the
Single cropping
QR codes below.
Double cropping
Every pixel tells a story: MODIS EVI time series
of land cover change. For example, time series A,
remained forest throughout the entire study
period, while time series C, was deforested in the
summer of 2001, and transitioned from single to
double cropping in 2006.
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Rainfall patterns, topography, soil quality, infrastructure, and other factors make planting in the MaToPiBa region
riskier than in the more established regions of MT and GO. Map A shows average annual rainfall; Map B shows average
growing season length, and the contours in each panel, which are then plotted on our 2013 agricultural map (C),
demonstrate the average rainfall and growing season length for double cropping. The thick contours represent the
mean while the thin contours are one standard deviation from the mean. Thus, as highlighted in Map C, based on
rainfall alone, there may be a limited opportunity to expand and intensify agriculture in MaToPiBa.
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