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In central regions of the U. S. Corn Belt, agricultural production since 2001 has changed in response to federal pol-
icies implemented to encourage production of biofuels. Such changes have influenced agricultural practices, land
uses, and their spatial character. This study examines site-specific temporal and spatial patterns of agricultural
land use dynamics from 2001 to 2012 in a nine-county region of East-Central lowa using the United States De-
partment of Agriculture National Agricultural Statistics Service Cropland Data Layer. Results indicate that in-
creases in corn production in response to US biofuel policies and high grain prices have been achieved mainly
by altering crop rotation patterns. These changes may be correlated with market forces, although variations sug-
gest a multiplicity of causes. This study also examines spatial relationships between cultivated fields and crop ro-
tation practices with respect to underlying soils and terrain. Intensity of cultivated land use depends on
topographic and pedologic properties, although motivations and constraints perceived by producers and man-
agers as they plan their use of landscapes are important. The most intensively cultivated lands have shallower
slopes and fewer pedologic limitations than others, and corn was planted in higher quality soil while soybeans
were moved to lesser quality soils. Declining acreage in the Conservation Reserve Program since 2007 indicates
that they may be used for other crops displaced by corn.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The Energy Policy Act of 2005 and the Energy Independence and Se-
curity Act of 2007 requires blending of renewable fuels such as ethanol
and biodiesel in transportation fuels, thereby increasing demand for
corn and other dedicated energy crops such as switchgrass that can sup-
ply fuels to meet this requirement. Increased corn production has been
achieved through combinations of conversion of noncropland into corn
production (which we label as “extensification”) and switching to in-
tensive production practices to increase yields (which we label as
“intensification”). The former might be based upon cultivation of lands
formally held in the Conservation Reserve Program (CRP) or upon use
of marginal lands previously devoted to less intensive uses (Langpap
and Wu, 2011; Swinton et al,, 2011; Westcott, 2007). The latter could
be achieved through changes in existing crop rotation practices
(Plourde et al., 2013; Stern et al,, 2012), or by more intensive use of fer-
tilizers (Simpson et al., 2006).

Broad-scale production of biofuels has wide impacts on agriculture
and land use (Keeney and Hertel, 2009; Miao, 2010; Miyake et al.,
2012; Mueller and Copenhaver, 2009; Stan et al., 2014; Wallander et
al, 2011; Wu et al,, 2012). Researchers recognize that meeting increased
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demand for corn driven by ethanol production must be based upon ei-
ther extensification or intensification of production, but have disagreed
about specifics. Wright and Wimberly (2013) analyzed spatial changes
from grassland to cropland between 2006 and 2011 in the western
Corn Belt based upon analysis of the United States Department of Agri-
culture (USDA) National Agricultural Statistics Service (NASS) Cropland
Data Layer (CDL). They reported that increased corn and soybean pro-
duction is based upon extensification, not intensification. This study
generated a rebuttal from a study in Kansas (Brown et al., 2014).
Brown et al. (2014) examined CDL and interview data from Kansas
farmers to explore relationships between distance to ethanol plants
and extensification and intensification of corn production at county
level between 2007 and 2009. Their study indicated that farmers devot-
ed much more land to intensification than to extensification. In addi-
tion, recognition of spatial and temporal dimensions of land use
changes in agricultural systems caused by biofuel production is impor-
tant if we seek to understand local economic and environmental conse-
quences, and to improve predictive models used in decision support.
Recent papers have incorporated spatially explicit analyses (Johnston,
2014), focus primarily on particular land use change practices, such as
crop rotation or reclamation of CRP lands, and their environmental im-
pacts. For example, Secchi et al. (2011) linked economic, geographical,
and environmental models by using spatially explicit common units of
analysis and used remotely sensed crop cover maps and digitized soils
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data as inputs. They predict changes in land use, crop rotation, and till-
age practice, including the environmental impact of these choices,
under different corn price scenarios in lowa. They assessed environ-
mental impacts on the extensive margin (CRP lands with no cropping)
and the intensive margin (lands currently under row crop agriculture)
using the Environmental Policy Integrated Climate (EPIC) model. They
found that land already in row crops would be converted to continuous
corn cropping before any land in CRP would be converted to any corn
production. Stern et al. (2012) examined crop rotation practices based
upon USDA CDL information, aggregated by county. They examined re-
lationships between corn production increases and crop rotation chang-
es in lowa, finding regional differences in crop rotation decisions
relative to expansion of cultivated land.

There is yet little research devoted to immediate and long-term im-
pacts of increased ethanol production for domestic agriculture, especial-
ly the spatial dimensions of these impacts. Spatial details of crop
location, extent and distribution, and patterns of changes in crop rota-
tion illuminate how agricultural practices have responded to changes
in ethanol policy. Existing work pays less attention to examination of
spatial relationships between cultivated fields, and crop rotation prac-
tices, with respect to underlying soils and terrain.

We provide an in-depth geographical analysis of land use dynamics
to better understand spatial dimensions of cropland change. We exam-
ine two hypotheses. First, as there has been a notable increase in biofuel
production over previous years, crop production expanded into areas
such as those formerly enrolled in the CRP, and into marginal or poor
lands that are less suitable for growing crops. Second, as most of the
land in Iowa is already used for agriculture, increases in corn production
have been largely achieved by altering crop rotation patterns, causing a
decline in crop diversity and redistribution of cornfields to most fertile
and productive lands. We examine these hypotheses by analyzing
12 years of sequential Landsat imagery of a nine-county region of
East-Central lowa.

2. Study area
This research investigates a nine-county region in East-Central lowa

(Fig. 1), an area of low relief and gentle topography formed as glacial
terrain and loess deposits. The southern half (approximately) of this

area includes a portion of the Southern lowa Drift Plain, rolling hills of
Wisconsin-aged loess superimposed on Illinoian glacial till, forming
some of the world's most productive agricultural land. Here north-
west-southeast oriented drainage interfingers into glacial surfaces as
forested channels. The southeastern corner includes a section of the
Mississippi Alluvial Plain— alluvial deposits associated with the Missis-
sippi River and its tributaries, bordered by limestone and dolomite cliffs.
Locally it is formed largely as stream terraces, abandoned river channels,
oxbow lakes, and backwater sloughs. The northern edge of the study
area is the lowan Surface, a low-relief surface of glacial till covered by
shallow loess.

Approximately 90% of the total land in lowa is used for agriculture
with cropland mainly in private ownership (Petrov and Sugumaran,
2005). lowa agriculture focuses upon production of cattle, hogs, corn,
soybeans, oats, and eggs—a list that includes several products that com-
pete for corn. lowa is the United States' largest producer of corn and eth-
anol, and often leads in soybean production. As is typical for Corn Belt
agriculture, corn and soybeans are grown in rotation—as noted below,
increases in ethanol production have disrupted the accepted corn-soy-
bean rotation, now often replaced by corn-corn-soybean rotation cycles
(Bain and Selfa, 2013; Secchi et al., 2011; Stern et al., 2012). The study
area covers three main markets for corn inputs (Gallagher et al.,
2005). At least eleven biodiesel and ethanol plants within and near
the study area rely upon local corn crops (Fig. 1), including three
established during the past seven years, after the change in biofuel pol-
icy (lowa Department of Natural Resources, 2007). These plants are sit-
uated not only in proximity to corn production, but also near transport,
including road, rail, and water. Despite the significance of ethanol pro-
duction, locally and nationally, not all ethanol plants are successful.

3. Methods
3.1. Data

Four sources of data were used to identify changes of agricultural
land use. The first set of data was the CDL for lowa from 2001 through
2012 produced by USDA NASS (http://nassgeodata.gmu.edu/
CropScape/). The spatial resolution is 56 m for CDLs from 2006 to
2009 and 30 m for CDLs from other years. In order to analyze crop
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Fig. 1. Study area in south-eastern lowa, shown with major landforms of lowa, adapted from Prior (1991). Locations of ethanol plants are symbolized with grey filled circles and locations of

biodiesel plants are symbolized with grey filled boxes.
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rotation changes over 12 years and compare with other data sets, CDLs
from 2006 to 2009 were resampled to 30 m. NASS indicates that CDLs
have high user's and producer's accuracies for corn and soybeans, usual-
ly above 90% for lowa (Stern, Doraiswamy, and Hunt). Thus, the CDL ap-
pears to be a reliable source of data for crop rotation analysis. The
second set was county-level CRP statistics from the US Department of
Agriculture and a spatial data (a polygon shapefile) of land enrolled in
USDA CRP in Iowa in 2008 from University of lowa. There was no
publically available spatial data on CRP lands for other years. The third
set was the USGS National Elevation Data (NED) at 30 m for lowa
(http://viewer.nationalmap.gov/viewer/), used to extract topographic
slope. Lastly, Gridded Soil Survey Geographic (gSSURGO) Database for
Iowa produced by USDA Natural Resources Conservation Service
(NRCS) was used to identify Corn Suitability Rating (CSR) and land ca-
pability class (http://datagateway.nrcs.usda.gov/GDGOrder.aspx).

3.2. Analysis of land intensity

The CDLs from 2001 to 2012 were used to identify patterns of sum-
mer crops (corn and soybeans) within our region. These CDLs were con-
verted to binary images, labeling pixels classified as corn or soybeans as
“1” and labeling other land cover types as “0”. A 3 x 3 majority filter was
applied to all binary images to reduce “salt and pepper” effects. Intensi-
fication of production practices for summer crops on a pixel-by-pixel
basis were obtained by summarizing lands that were kept in production
during 12 years. A five-year moving window (8 windows from 2001 to
2012) was applied to track spatial patterns of such intensification.

3.3. Characterizing physical factors

To evaluate the impacts of implementation of 2005/2007 biofuel
policies upon long-term sustainability of agricultural land use, we asso-
ciated land use (re)distribution with land quality and investigated the
utilization of lands that have been under the CRP.

Firstly, we used slope, land capability class and CSR to determine
whether higher corn prices may have encouraged farmers to use land
that is not suited for production. Topographic slope values were extract-
ed from USGS NED 30 m DEM. Land capability class values and CSR
values were obtained from 10 m gSSURGO Database and they were
resampled to 30 m using the majority class value of 3 x 3 matrixes to
represent each new pixel value. Land capability classification shows
the suitability of soils for most kinds of field crops which is based on
landscape location, slope of the field, depth, texture, and reaction of
the soil (Douglas, 1992). It includes eight classes — classes 1 to 4 are ar-
able lands in which classes 3 and 4 have severe to very severe limita-
tions, respectively, and classes 5 to 8 are suitable mainly as pasture or
rangeland. The CSR is a standard index of soil suitability for row crop
production developed by the lowa State University Extension (Miller,
2012). This index is based on soil type, slope, drainage, weather, and fre-
quency of use for row crop production. The CSR varies from 0 to 100,
where 100 is ideal soil and climate for corn production. CSR for high pro-
ductivity lands typically exceeds 80, and for low productivity lands gen-
erally remains under 65. We computed and compared the percentages
of planted corn/soybeans in areas where the CSR was above and
below 65 prior to and after the implementation of 2005/2007 biofuel
policies.

Secondly, we used county-level CRP statistics to determine CRP
change pattern during 12 years. This data does not specify the land
cover for CRP land as the great majority of CRP land in Iowa is covered
with grasses (USDA Farm Service Agency, 2007). We then used the
2008 CRP shapefile data to determine overlap with lands planted with
corn or other crops to identify weather CRP lands were used in produc-
tion after the widespread of biofuel production. For our study area, the
shapefile has 33,327 polygons covering 223,422 acres. Many of the
areas that are set aside for CRP land are wetlands or drainage-ways
and therefore are frequently small and irregular in shape. In order to

remove these lands from the analysis, any polygons with areas <15
acres were excluded. Those remaining were intersected with the 2009
CDL to estimate an amount of 2008 CRP land converted to corn cultiva-
tion in 2009.

3.4. Determination of crop rotation patterns

Crop rotation refers to the sequence of crops from year to year for a
single field. The standard crop rotation in lowa has been to alternate be-
tween corn and soybeans in consecutive years (Bain and Selfa, 2013;
Sahajpal et al., 2014; Stern et al., 2012). Alternatively, some crop pro-
ducers have chosen to plant corn or soybeans in the same field for two
or more than two consecutive years. For the purpose of this study,
CDLs were combined in two ways to determine changes in crop rotation
before and after the widespread increases in biofuel production. First,
areas with corn for three consecutive years from 2001 to 2012 were
measured using conditional statements. A binary classification was cre-
ated where pixels classified as corn were labeled 1 and other land cover
types were labeled 0. Three years were added sequentially and pixels
with 3 were considered as continuous corn rotation. Second, we ana-
lyzed crop rotation patterns for corn and soybeans over six-year inter-
vals (2002-2007 and 2007-2012), which will give us 64 possible
permutations. Except for the standard crop rotation, two or more
years of continuous corn provide several choices of rotation sequences.
Continuous soybean rotation is not a common occurrence in lowa
(Secchi et al., 2011) because growing soybeans year-after-year in the
same field creates serious problems with soybean nematodes which
have negative effects on soybean yield (Koenning et al., 1995). For a
six-year period, we classified all the possible rotation choices into 5 clas-
ses by the number of years with corn: corn-soybean/soybean-corn,
corn-corn-soybean/soybean-corn-corn, continuous corn, more than
three years of continuous corn, and other which includes two or more
years of continuous soybean.

4. Results
4.1. Intensity of cultivated land

Using a five-year moving window, production trends can be ana-
lyzed. Over five years, the area in summer crop cultivation for both
more than two years and more than three years increased in the period
from 2001 to 2012 (Fig. 2). These trends corresponded to price trends
for corn and soybeans based on NASS statistics. From 2001 to 2012,
both corn and soybean prices increased from 2009, reaching a maxi-
mum in 2012, with, at the state level, other peaks in 2003 and 2007
(USDA National Agricultural Statistics Service, 2014). These trends indi-
cated increases in cultivated land intensity, which may be attributed to
the higher demand for corn created by the increasing production capac-
ity of ethanol plants (Renewable Fuels Association, 2013).

Summer crops were cultivated in a way that illustrates place-to-
place differences in timing and intensity of land uses (Fig. 3). Most
areas were planted with continuous summer crops, but fragmented ter-
rain bordering rivers and valleys were used less intensively, perhaps be-
cause floodplains may be narrow, have steep slopes, or problematic
soils. Areas at edges of fields, known as headlands, or turnrows (narrow,
uncropped, strips for turning farm machinery at the ends of rows), were
often uncultivated or used less intensively. Together, such conditions
may lead these areas to be used for secondary crops, grasslands, or
pastures.

At county level, Benton County had the smallest proportion of area
(10.21%), used only for 1 to 3 years while Keokuk County had the
most proportion of such areas (27.07%). Cedar County had the most pro-
portion of areas (67.87%) that were used for 11 or 12 years while Keo-
kuk County had the least proportion of such areas (41.86%).
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Fig. 2. Left: total acres of summer crops by a five-year moving window from 2001 to 2012 in the study area. Lines with black squares indicates more than two years within five years of
summer crops, and lines with black triangles indicate more than three years within five years with summer crop within a five-year window. Right: prices in US dollars (USD) for corn and

soybean in lowa, 2001-2012.

4.2. Cropland redistribution and land suitability

Slope values for areas with different cultivated land intensity within
the study area were compared. Land with shallow slopes was used more
intensely (Fig. 4). The most intensively used land (11 or 12 years with
summer crop) had slopes of less than six degrees, suitable for mechani-
zation. Slope values of these five classes were significantly different
(P <0.0001) according to Wilcoxon Rank Sums/Kruskal-Wallis Tests.
There were <0.01% outliers (black crosses in Fig. 4), most located at

edges of fields. Some had extremely high slopes which are impossible
for cultivation, perhaps labeled by misclassification.

Capability class values for areas with different cultivated land inten-
sities in the study area were compared (Fig. 5). The smaller the class
value designation, the fewer limitations for cultivation. The majority of
lands (above 82%) in the study area are arable, within which 56% have
few limitations. As land intensity (measured by numbers of years in cul-
tivation) increased, more land with fewer limitations was brought in
cultivation (Fig. 5). Thirty-five percent (35%) of the least intensively

Land Intensity
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- Uncultivated land
I crPland*
B -3 years
I 4-6 years

7-10 years

11 years

12 years
- Other cropland

36
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Fig. 3. Cultivated land intensity class from 2001 to 2012 in the study area, the lighter the color, the more intensively the land in cultivation. CRP land is only for 2008.
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Fig. 4. Relationships between cultivated land intensity and terrain slope (percent slope)
within the study area. Lands with shallower slopes are used more intensely. Black
crosses represent outliers (they are few in number relative to the totals, almost all
located at edges of fields). In the box plot, an outlier is a value that is >1.5 times the
interquartile range away from the top or bottom of the box.

used land (1-3 years with summer crops) had fewer limitations while
above 63% most intensively used land (11 or 12 years with summer
crop) had fewer limitations.

The quality of agricultural land in lowa is often assessed using CSR
for a given type of soil (Miller, 2012). Lands with CSR higher than 65
are generally considered as highly productive lands. The percentage of
total corn planted land on high CSR soil increased from 50% in 2000 to
60% in 2007. Since 2007, the percentage of corn on high CSR soil has
fluctuated and returned to 50% in 2012. In contrast, the percentage of
total soybeans planted land on high CSR soil decreased from 37% in
2000 to 27% in 2007, but has fluctuated and back up to 37% in 2012
(Fig. 6). At the same time, both area under corn and soybeans planted
in low CSR soil remained constant, with about 0.7% increase for corn
and about 0.7% decrease for soybeans from 2000 to 2007. These data
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Fig. 5. Relationships between cultivated land intensity and land capability class within the
study area. The most intensively used lands tend to have fewer limitations (capability
classes 1 and 2).
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Fig. 6. The percent of corn and soybeans on high (CSR> 65) and low (CSR < 65) CSR soil for
2002 to 2012. The percentage of total corn-planted land on high CSR soil increased from
2002 to 2007, and then fluctuated; while the percentage of total soybean-planted land
on high CSR soil decreased from 2002 to 2007, and then fluctuated thereafter. During
the same time, area both under corn and soybeans planted in low CSR soils remained
constant.

provide evidence that the most productive lands were used the most in-
tensively (Fig. 7) and were allocated to grow corn (Fig. 6). During the in-
terval 2006 to 2007, more and more corn was placed on high-quality
soils whereas soybeans were removed from high quality soils. Major
corn acreage gains were generally at the expense of soybeans. At the
same time, the increasing percentage of corn on low quality soils sug-
gest that expansion of lands used for planting corn also occurred at
the expense of other land cover types, such as grasslands (Wright and
Wimberly, 2013) and wetlands (Johnston, 2013).

USDA stated that CRP has shifted from designating entire fields
for conservation purposes towards the alternative of implementing
high-priority “buffer” practices (e.g., filter strips, grassed waterways)
that support working lands by reducing the environmental implications
of on-going agricultural production (USDA National Agricultural
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Fig. 7. Relationship between cultivated land intensity and Corn Suitability Rating in the
study area. Lands with high CSR soil are used more intensely. Black crosses represent
outliers.
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Fig. 8. Acreage of three-year consecutive plantings of corn in the study area.

Statistics Service, 2006). CRP statistics show that in 2007 the total
amount of area under CRP remained high. CRP land dynamics depend
on enrollment and re-enrollment cycles set by a 10-15 year contract
that commits CRP status until the expiration date. This 10-year cycle re-
sulted in over 16 million acres enrolled in 1997, potentially expiring in
2007 (Stubbs, 2014). Thus, there were very few CRP contract expira-
tions before the widespread increases in biofuel production. Since
2007, CRP enrollment declined sharply, especially for lowa County and
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Keokuk County (USDA Farm Service Agency, 2014). This trend indicates
that producers may be allowing their contracts to expire in favor of
using productive land for crops. Econometric models also predict that
landowners will be likely to withdraw some land from expiring CRP
contracts and put the land back into crop production within the high-
priced commodity market (Hellerstein and Malcolm, 2011; Secchi et
al,, 2009).

With spatial data analysis, total amount of CRP land classified as corn
in 2009 was extremely small: in 2009 only about 4200 acres of cornfield
were in 2008 CRP areas. This area is not significantly large, as it repre-
sents only 2% of the total CRP acreage in the study area and could be a
result of misclassification. According to 2007 FSA (USDA Farm Service
Agency, 2007), only about 2% of corn and soybean farms in 2008
brought CRP acreage into production between 2006 and 2008. It is
very difficult to appropriately attribute certain CRP lands to particular
land cover types because of differences in the spatial resolution of CRP
data in comparison to CDL data. Thus, there is no indication that wide-
spread increases in biofuel production have had a particularly negative
effect on the CRP program. Given the tendency to plant more corn on
higher quality soils that we mentioned earlier, it is unlikely that CRP
lands would be used for corn production.

4.3. Crop rotation

NASS's Prospective Plantings (USDA Agricultural Statistics Board,
2007) report indicated that much of the 2007 increase in corn acreage
would come from reduced soybean plantings. Based on our crop rota-
tion analysis over three-year intervals, more crop producers chose to
plant corn for three consecutive years in the year of 2007 (Fig. 8). As
mentioned earlier (Fig. 2a), corn prices were high in 2003, 2007 and

~"Johnson

Miles A
38

Fig. 9. Location of 2002-2007 crop rotations in the study area. Rotation types include standard rotation (either corn-soybean or soybean-corn), two years of continuous corn, three years of
continuous corn, more than three years of continuous corn, and other rotation including two or more years of continuous soybeans, along with 2008 CRP land.
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after 2009, thus, producers preferred to plant corn in that year and the
following year (Wallander et al.,, 2011).

All 64 possible permutations of corn and soybean rotations were re-
corded before 2007 but only half of them were used after 2007. Crop
producers preferred to plant corn or soybean consecutively after 2007.
During the 2002-2007 periods, there was 36.09% cultivated land with
standard rotation (either corn-soybean or soybean-corn) (Fig. 9).
These lands were located in the most intensively used lands. Two
years of continuous corn was another common occurrence during this
period. Both lands with more than three years continuous corn and
lands with two or more years of continuous soybeans were <10%. Dur-
ing the 2007-2012 periods, standard rotation was replaced by more in-
tensive rotation, such as continuous corn or soybeans for two years, or
even longer (Fig. 10). Two or more years of continuous soybeans also
became a common occurrence. Despite its negative effects on soybean
yield (Koenning et al., 1995), this kind of rotation was likely selected be-
cause of high soybean prices or perhaps there is classification error
within the CDLs. During this period, area under corn-corn rotations de-
creased, while area under three and more years of continuous corn and
area under two or more years of continuous soybeans increased. Our re-
sults are inconsistent with the rotation change patterns reported in the
central US for four-year intervals (2003-2006 and 2007-2010), where
area under corn-soybean rotations decreased, and area under corn-
corn rotations increased (Plourde et al.,, 2013). One explanation might
be that we used six-year intervals, so crop rotation patterns for two or
more years of continuous corn during the 2007-2012 periods were de-
termined by the first four years after 2007 — >80% of such rotations
were during the 2007-2010 periods. After 2010, the standard rotation
pattern appeared again.

Table 1 shows conversion between different crop rotation patterns
before and after 2007. Standard rotation in the 2002-2007 interval

Historical 07-12 Rotations

D County boundary

I cRP land*
Corn-Corn-Soybean/Soybean-Corn-Corn

- Continuous Corn

| 3+ Years of Continuous Corn

Keokuk

Table 1

Confusion matrix of crop rotation patterns in 2002-2007 and 2007-2012 interval in the
study area. SR is standard rotation (either corn-soybean or soybean-corn), 2 Y CC is two
years of continuous corn rotation, 3 Y CC is three years of continuous corn rotation, 3 +
Y CCis more than three years of continuous corn rotation, and OR is other rotation includ-
ing two and more years of continuous soybeans.

07-12
SR 2YCC 3Y CC 3+YCC OR
02-07 SR 0 121,924 412,817 167,398 401,136 1,103,275

2Y CC 0 108,066 104,936 272,762 239,401 725,165
3YCC 0 53,701 207,233 195,248 107,436 563,618
34+YCC 0 26245 49,754 166,174 47379 289,552
OR 0 21,882 50488 65,799 237,338 375,507

0 331,818 825,228 867,381 1,032,690

was mainly replaced by three years of continuous corn rotation and in-
tensive soybean rotation. Two years of continuous corn rotation was
mainly replaced by three years of continuous corn rotation and inten-
sive soybean rotation and three years of continuous corn rotation was
mainly replaced by more than two years of continuous corn rotation.
More than 50% of lands with more than three years of continuous
corn rotation, and intensive soybean rotation were unchanged.

It is obvious that crop rotation changed after 2007 (Fig. 11). 59.11%
of standard rotation was changed to more two or more years of contin-
uous corn, and 40.89% of standard rotation was changed to two or more
years of continuous soybeans. Lands with two or more years of contin-
uous corn were more abundant than lands with two or more years of
continuous soybeans. These results clearly indicate that increases in
corn production over multiple years have been achieved mainly by al-
tering crop rotation.
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Fig. 10. Location of 2007-2012 crop rotations in the study area. Rotation types include two years of continuous corn, three years of continuous corn, more than three years of continuous
corn, and other rotation including two or more years of continuous soybeans, along with 2008 CRP land.



156

Crop Rotation Change

D County boundary
I CRP land*

- Standard Rotation to 1+Years of Continuous Corn
B standard Rotation to 1+Years of Continuous Soybeans |
[] 7o 1+Years of Continuous Corn
E To 1+Years of Continuous Soybeans
- Unchange

[ Other cropland

- Uncultivated land

: Keol;uk

0

- Eee—— s |liles
475 95 19

J. Ren et al. / Agricultural Systems 148 (2016) 149-158

A

28.5 38

Fig. 11. Location of crop rotation changes and 2008 CRP land in the study area. Rotation change types include standard rotation to two and more years of continuous corn, standard
rotations to two and more years of continuous soybeans, other rotation to two and more years of continuous corn, and other rotations to two and more years of continuous soybeans.

5. Discussions

This study examines both spatial and temporal dimensions of agri-
cultural land use dynamics using NASS CDLs. According to the lowa's
CDL metadata, most of the producer's accuracies and user's accuracies
(starting in 2007) for corn and soybeans for each year are above 90%
(Table 2). When compared to the county-level, survey-based planted
acreage data for corn and soybeans for each year (USDA National Agri-
cultural Statistics Service), CDLs underestimate corn and soybeans acre-
age in most years (Table 3). Large differences occur in 2001 (for corn),
2002 (for soybeans), 2003 (for soybeans), and 2007 (for corn and soy-
beans). The uncertainty caused by misclassification would influence
the patterns of total acreage of summer crops within a five-year moving
window and land intensity. For example, more land was actually used

Table 2
Producer's accuracy (Prod.Acc.) and user's accuracy (User Acc.) for corn and soybeans, and
overall accuracy (Overall Acc.) by year for the lowa Cropland Data Layer (CDL).

Corn Soybeans

Prod.Acc. User Acc. Prod.Acc. User Acc. Overall Acc.
2001 89.6% NA 91.0% NA 81.3%
2002 96.3% NA 95.0% NA 88.6%
2003 92.5% NA 93.0% NA 88.5%
2004 97.4% NA 98.7% NA 93.2%
2005 94.0% NA 95.4% NA 88.0%
2006 87.5% NA 86.9% NA 83.2%
2007 97.5% 97.6% 97.0% 96.7% 97.2%
2008 96.6% 97.9% 96.2% 95.8% 95.7%
2009 97.9% 98.1% 97.0% 97.7% 95.5%
2010 96.6% 97.6% 95.8% 97.3% 93.2%
2011 98.3% 98.4% 97.4% 97.8% 94.3%
2012 96.6% 98.3% 95.6% 97.0% 93.6%

NA: User's accuracies are not provided in CDL metadata from 2001 to 2006.

for summer crops production than CDLs estimates in the 2003-2007
moving window, thus, the total acreage of more than two/three years
within five years of summer crops should be larger than the values
based on CDLs estimates (Fig. 2a). Crop rotation patterns for corn and
soybeans over six-year intervals based on these data would be more ac-
curate as the differences have fewer impacts for longer periods.

In order to measure effects of ethanol plants on land use choices, we
calculated land use change from 2004 to 2010 within a 10-mile radius of
each ethanol plant. According to the interview response from some
farmers in lowa, farmers would like to sell their corn products directly
to ethanol plants if the ethanol plants are not far away (i.e., around
10 min driving). Thus, a 10-mile radius is reasonable for our analysis.
We first calculated corn acreage and soybean acreage for each year
within a 10-mile radius of each ethanol plant. We found that compared

Table 3

Total acreage for corn and soybeans based on Cropland Data Layers (CDLs) and USDA Na-
tional Agricultural Statistics Service (NASS) Acreage data, and the differences between
these two datasets, 2001-2012.

Corn Soybeans

CDL (acre) Survey (acre) Diff CDL (acre) Survey (acre) Diff
2001 892,279 1,056,000 —16% 953,263 962,000 —1%
2002 1,203,476 1,112,500 8% 694,836 920,000 —24%
2003 1,143,077 1,133,500 1% 785,676 933,000 —16%
2004 1,118,461 1,165,000 —4% 908,376 897,500 1%
2005 1,053,451 1,158,000 —9% 831,540 884,500 —6%
2006 1,078,191 1,125,000 —4% 898,897 906,500 —1%
2007 1,161,047 1,317,000 —12% 634,356 733,500 —14%
2008 1,149,874 1,213,000 —5% 780,460 838,200 —7%
2009 1,159,278 1,243,000 —7% 820,395 851,500 —4%
2010 1,253,974 1,237,500 1% 819,436 860,200 —5%
2011 1,263,732 1,304,500 —3% 780,382 818,900 —5%
2012 1,182,490 1,283,000 —8% 776,598 844,900 —8%




J. Ren et al. / Agricultural Systems 148 (2016) 149-158 157

T T
corn M soybean

1 ‘ ‘
1 i f | f f

!
2004 2005 2006 2007 2008 2009 2010
Year

Acreage
(2] (=] o
T

£
T

N

o

Fig. 12. Acreage of area planted in corn and soybeans within a 10-mile radius of each
ethanol plant, 2004-2010.

to 2006, corn acreage in 2007 increased by 6% while soybean acreage
decreased by 29%, and the total summer crop decreased by 11%
(Fig. 12). In 2007, more land was used for corn production and expan-
sion of corn acreage may result from a reduction in soybean acreage.
After 2007, corn acreage increased steadily and soybean acreage
increased to a stable level. We than examined three crop rotation pat-
terns for corn and soybeans over three-year intervals (i.e., standard
corn-soybean/soybean-corn, two years of continuous corn, and contin-
uous corn) within a 10-mile radius of each ethanol plant. We found
that land under standard corn-soybean/soybean-corn rotation in-
creased constantly, land under two years of continuous corn rotation
reached its highest level in 2006-2008, and land under continuous
corn rotation reached its highest level in 2007-2009 (Fig. 13). The ex-
pansion of corn acreage after 2007 was also realized by altering crop ro-
tation patterns to more intensive corn rotation.

x10°

T T T T
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16|~ [ Continuous Corn 8

Acreage

3
T
L

11

2007-2009 2008-2010

| I

L0l I

2004-2006 2005-2007 2006-2008
Year Interval

Fig. 13. Three-year period with acreage of area planted in standard corn-soybean/
soybean-corn, two years of continuous corn, and continuous corn within a 10-mile
radius of each ethanol plant, 2004-2010.

6. Conclusions

This study examines both spatial and temporal dimensions of agri-
cultural land use dynamics 2001-2012 in east-central lowa, based
upon analysis of sequential CDLs. This interval includes the years imme-
diately preceding and immediately following changes in US biofuel pol-
icy, which has resulted in notable changes in the region's agricultural
land use. Agricultural producers can respond to demands or incentives
for increased production either through land extensification or land
intensification.

From 2001 to 2012, biofuel production has increased in lowa. As bio-
fuel production increased, demand for corn and its market price have
increased, likely leading to changes in land-use intensity and changes
in crop rotation. Corn acreage growth occurred generally at the expense
of soybeans, other crops, and grasslands. As recorded by NASS CDLs,
after 2007, cultivated acreage increased, and standard crop rotation
was changed to more intensive series of corn or soybeans plant, on a
pixel-by-pixel basis. In addition, area used for both corn cultivation
and soybeans cultivation increased. The most intensively cultivated
land had shallower slopes and fewer pedologic limitations than others,
and the most valuable crop (corn) was planted on the most suitable
soils. CRP lands were brought into cultivation since 2007, but they
may be used for other crops displaced by corn because they are usually
unsuitable for corn production. From our analysis, it is clear that the ex-
pansion of corn production after 2007 was realized by altering crop ro-
tation patterns.
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