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ABSTRACT

There has been a growing debate on the effects of the
increase in demands of biofuels on land use land cover
(LULC) change with apprehension in some quarters that the
growing demand forf bioenergy as a clean fuel will result in
widespread direct and indirect LULC change. However
estimating both direct and indirect LULC change is
challenging and will require development of accurate high
frequency, high resolution (temporal and spatial) land use
land cover data as well as new LULC models which can be
used to locate, quantify and predict these changes. To assess
whether the demand for biofuel has caused LULC we used
MODIS land cover data (MCDI12Q1) from 2001 to 2008
along with cropland data layer (CDL) to estimate cropland
and grassland changes in United States for the years 2002-
2008 as well as its correlation with biofuel growth.

Index Terms— Biofuel, LULC, MODIS, Cropland,
1. INTRODUCTION

The causes and effects of land use land cover (LULC)
change has been a topic of interest amongst researchers
[1,2,3]. Traditionally urbanization and population growth
were considered to be one of the main drivers of LULC
changes . However recently projected LULC change due to
the growing demands of biofuel has been in the spotlight.
Researchers have shown that widespread conversion of
forestland and grassland to cropland will offset the
reduction in carbon emission which was expected to reduce
due to biofuels [4,5] replacing fossil fuels [5,6]. Cropland is
one land class which is expected to be affected by the
expansion by biofuels both in terms of land use and land
cover. To meet the demands of bioenery existing cropland
like wheat, soybean are likely to be converted into corn
while existing land cover like grassland and forestland could
be cleared to plant new bioenergy crops. Cropland in the US
has either decreased or has remained constant in most states
in the past 50 years [7].Prior to 1950 most of the cropland in
the US expanded by clearing forest, steppes and grassland
and it is estimated that the largest portion of cropland was
created by clearing about 1 million km?” of grassland in
North America [8].In their study Searchinger et al.[6]
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estimate that to meet the requirements of biofuel in the US
about 0.1 million km? additional cropland would be needed
globally out of which 0.02 million km* will come from the
US. We use MODIS[9] land cover data and Cropland
Data(CDL) Layer [10] from 2001 to 2008 to estimate
cropland changes in US for the years 2002-2008 and
estimate the area of grassland converted to cropland for this
time period. These two classes were chosen as they are
separate distinct classes in the MODIS dataset and it is
expected that widespread conversion of grassland to
cropland will occur to meet the demands of biofuel. We also
estimate for the state of Nebraska how much of this change
has been due to corn and whether there is any correlation
between these changes and land use changes.

2. METHODOLOGY

MODIS land cover data (approx 500m resolution for the
years 2001-2008 was used to estimate the amount of
cropland being converted to grassland. We used two classes
cropland (class 12) and grassland (10) from the IGBP
classified data for this study, a detailed description of these
classes can be found in Friedl et al [8]. The 17 classes of the
land cover were reclassified into 3 classes namely cropland
(class12), grassland (class 10) and all the other classes were
combined into one class as ‘others’. Analysis of data from
2001-2008 was used to estimate how these three land cover
classes had changed from year to year. Six possible changes
i.e. grassland being converted to cropland, cropland
converted into grassland, and both these classes being
converted into other classes and vice versa were analyzed..
Data from CDL was used to estimate how much of the
replaced grassland was being used for corn cultivation. We
used data for the state of Nebraska for our analysis because
it showed an increase in cropland from 2005 onwards, in
addition calculations showed that it is one of the states
where the highest amount of grassland was being converted
to cropland. To estimate how much of the replaced
grassland was used by corn the land cover change data
obtained by analysis of MODIS land cover was reclassified
into binary raster’s. All the cells which changed from
grassland to cropland were classified as 1 and all the others
cells were classified as 0. This reclassified raster was then
multiplied by the CDL data for state of Nebraska for each
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year which resulted in a raster having data only in those
areas where grassland was converted cropland. The area of
these rasters was aggregated at the county level for each
year and used in subsequent analysis.

3. RESULTS

To estimate how well the MODIS land cover class cropland
corresponds with cropland as estimated by the census of
agriculture (http://www.agcensus.usda.gov) county level
cropland estimates from the 2002 and 2007 census of
agriculture were compared with that of the MODIS land
cover data for 2002 and 2007. There is a strong linear
correlation between both the estimates with a correlation
coefficient value of .82. On the other hand year 2007 shows
a slightly lower correlation coefficient of .80. Considering
data for 3111 counties was used we assume that the
estimates from MODIS land cover are a good estimate of
cropland in the US (.80 to .83 95 % confidence interval for
2002 and .79 t0.81 95 % confidence interval for 2007).
Total cropland area in the US has decreased from 2001-
2008 by around 0.08 million km* as calculated from the
MODIS data, this is very similar to the cropland change of
around 0.1 million km? as estimated by the Census of
Agriculture from 2002-2007. Cropland area in general
decreased in most states across US from 2001-2008 though
occasionally some states showed an increase. Of all the
major crop producing states South Dakota and Nebraska are
the two states which show an increase in cropland of around
4 % from 2005 onward. Overall the amount of cropland
converted to grassland is much higher compared to
grassland converted to cropland except for the years 2002
and 2007 when the amount of grassland converted to
cropland was higher. Figures 3 show the spatial distribution
of areas where grassland has been replaced by cropland for
the years 2002-2008. For 2002-2004 Nebraska and Kansas
are two states of the corn belt where over 100 km” of
grassland was replaced by cropland, most of other changes
occur in the western part of the country. In the year 2005 an
increase in the conversion of grassland to cropland was
observed in the states of Kansas, Nebraska, South Dakota
and North .In 2006 the conversion reduced significantly
(around 40 %) and was concentrated mostly in the north-
western part of the country i.e. the states of Oregon, Idaho,
Montana and Nebraska. Amongst the states with high
cropland area Kansas, Nebraska , South Dakota and Texas
showed conversion of over 100 km” of grassland being
converted to cropland for 2002-2008 while some of the
other major corn producing states like Iowa, Illinois,

Minnesota and Indiana hardly showed any such conversions.

Nebraska recorded relatively higher proportion of
conversion of grassland to cropland in comparison to other
states and being one of highest corn producer in country it
was further analyzed to see how much of the converted area
is being used for corn production and whether there is any
correlation between conversion and biofuels. The
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replacement of grassland by corn in Nebraska has been
generally constant from 2001-2008. The percentage of
grassland replaced by corn was around 28 % for 2002-2003
and since then has been constant at around 16 % since 2004
with a decrease of 11 % in 2007. The correlation between
replaced grassland and planted corn at the county level for
Nebraska is shown in figure 2 and it can be seen that the
correlation decreases gradually from 2002-2008.

4. DISCUSSIONS AND CONCLUSION

Area of cropland has decreased in the US from 2001 to
2008 with an average rate of around 1 % every year
however in between cropland area increased by 3 % from
2004 to 2005 and then again decreased by 1.4 % from 2005-
2006, remained constant from 2006-2007 and then
decreased by around 1 % in 2008. Even though 7 years
(2001-2008) is not long time period for monitoring trend the
data gives a good indication on how cropland could have
been affected by demand in biofuel as it covers a time
period both before and after the production of biofuel started
rising which is around 2004-2005. There is no positive
correlation between increase in biofuel and cropland over
this time period in fact there is a negative correlation of 0.6
between the two (though the result is not statistically
significant at 95 % CI).Analyzing data for smaller periods
may show some correlation but it will not show the correct
trend. For example if one were to use data from 2003 to
2005 they would come to the conclusion that cropland area
is increasing with the production of biofuel in the US.

In addition there are uncertainties associated with the data
itself which mainly arise from classification errors and
errors in data acquisition. These uncertainties can be only be
resolved by using higher resolution data with more training
sites and better classification algorithms but creation of such
products will require enormous time and resources. Data for
Nebraska showed that there is a correlation between
replaced grassland and planted corn; however this
correlation decreases over time as biofuel production
continued to rise (figure2). Demand for biofuel should have
resulted in stronger correlation over time. This shows that
grassland was already being replaced by corn even before
the demand for biofuels increased. So the challenge is to
differentiate between the normal and the induced change i.e.
if grassland was being replaced by corn how does one
differentiate replacement caused by corn grown for biofuel.
There is a great deal of uncertainty between the relationship
of biofuel growth and land use change. Though some studies
have established strong causal relationship between these
two based on model outputs and assumptions, analysis of
available data shows that there no established relationship or
established correlation between biofuel growth and land use
change. Though there are some indications that biofuel
growth has caused land use in random years there is no
established trend or causal relationship between the two.



More detailed studies with better data need to be done
before a causal relationship can be firmly established.
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Figure 1-Spatial distribution of grassland
converted to grassland for 2002-2008
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Figure 2- Scatterplot of corn planted versus grassland
converted to cropland for all the 93 counties of Nebraska.
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