
cluster of counties in southeast Nebraska (NE), northeast Kansas (KS)
and northern Missouri (MO).

4. Discussion

There are many short- and long-term factors influencing whether
producers grow corn (e.g., projected crop prices and weather, changing
climate, cost of inputs, availability and cost of irrigation water, and eth-
anol subsidies or lack thereof), and these factors likely interact. A careful
study of these interactions and causative factors is beyond our current
scope, but others are endeavoring to use CDL information to address fac-
tors causing cropland dynamics (e.g., Lark et al., 2015; Stoebner and
Lant, 2014; Wright et al., 2017; Wright and Wimberly, 2013). For such
studies, maps such as Fig. 4 can be readily generated using LAMPS in
the framework present here, and used together with other knowledge
to better predict or understand the causes of space-time changes.

The spatial correlation of change in Fc could also be analyzed for
other purposes, particularly for quantifying the impact of the change.
Changes in the distribution of cornwill affect transportation and storage
of grain, with implications for interstate commerce and regional fertiliz-
er and agrochemical use. One could also project spatial patterns of
change forward in time based on historical trends and expected driving
factors, such as the drought in 2012. The resulting morphology of the
Corn Belt (projected from Fig. 1) could affect wildlife migration and
other ecosystems services. Here, the pattern is presented simply to illus-
trate the potential for exploring various systems that interact with the
dynamics of the Corn Belt in space and time.

This analysis demonstrated that the Corn Belt can be geospatially
quantified, thus answering the question, “Where is the USA Corn
Belt?” Yet the answer is not static, and the geographic extent of Corn
Belt will vary based on the specific questions of interest. As defined
here, the core area of the Corn Belt (2010–2016) encompasses large
areas of 8 Midwestern states including SD, NE, MN, IA, WI, IL, IN and
OH. Dynamics of the Corn Belt can also be queried for user-defined pe-
riods, whichmay inform various stakeholders, including those interest-
ed in agricultural economics and food security, biofuel production and
greenhouse gas emissions, and others who need a quantifiable refer-
ence area for the Corn Belt and its changes over time. The spatial distri-
bution and intensity of irrigation is clearly tied to available water
resources, linking food and water security. Such maps may be useful
to planners and policy makers.

In addition to the outputs illustrated here, users can obtain represen-
tative crop rotations through linkage of LAMPS with the Land Manage-
ment Operations Database (David et al., 2014). Finally, LAMPS is free
and readily available (LAMPS Wikipage, 2016) as a web service for
any user to query their region at any level of spatial detail N30 m.
Users can customize the Fc thresholds to be used, and other crops or
land uses could be investigated.
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Supplementary Information 

Materials and Methods. Spatial variability of corn grain yield within and among fields 

has been estimated from satellite imagery (Lobell and Azzari, 2017). Fully exploring the 

question of randomness versus synchrony of the corn phase in crop rotations within each and 

every county is beyond the scope of the present study. However, field boundary geometry data 

were available for counties in Iowa (Tomer, 2016), which allowed us to illustrate the variability 

within one county. Field-level data provide series of annual dominant crops within each field. 

LAMPS has a second option to fit temporal series to representative crop rotations for each region 

using a genetic similarity algorithm (Kipka et al., 2016). Crop rotations are also temporally 

referenced, so a two-year corn-soybean rotation can be identified as having corn in either even or 

odd years for each field. Corn may also be identified in more or less intensive rotations or as 

continuous corn, similar to pixel-based crop rotations (Sahajpal et al., 2014), and “other” field 

crops or rotations without corn may be identified using the field boundary polygons. 

 The algorithm in LAMPS for matching crop sequences to representative rotations uses an 

adjustment factor () to optimize similarity between detected and representative rotations. The 

matching process in LAMPS uses the Adjusted Average Confidence Index (AACI ): 
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where CI is equivalent to Fc, but for all detected crop types, n is the number of years of data used 

from CropScape, max(CI) is the maximum value of CI in n years, and is the weighting factor 

that causes the average CI to be “adjusted” to favor longer rotations. The optimal value for a test 

case in Colorado was = 0.15 (Kipka et al., 2016), whereas for this case in Iowa the optimal 

value is = 0.30. 

Example Results. Fig. S1 is a map of the results within Wright County, IA for the years 

2010-2016. Orange and green classes show corn-soybean and soybean-corn rotations with corn 

in even or odd years, respectively. The map also shows fields classified as “majority corn” with 

corn detected in 5 or 6 of the 7 years, or “continuous corn” with all 7 years planted in corn. The 

spatial pattern of these classes is neither completely random nor highly spatially correlated. 
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Visually there is some degree of auto-correlation between adjacent fields and fields within short 

distances of each other, but no major spatial continuity. Geospatial analyses, such as those 

applied to crop rotations outside of the Corn Belt (Mueller-Warrant et al., 2017), were not 

pursued for this illustration. 

The number of fields with corn-soybean (4 years of corn in 2010-2016) and soybean-corn 

(3 years of corn) are not exactly equal in Wright County (Fig. S2). The difference is causes by 

other rotations with 4 years of corn and a small degree of synchronous management, whereas the 

similar magnitude indicates the farmers are not synchronizing rotations overall within this 

county. Among only corn-soybean rotations (both odd and even year phases) the average fraction 

of corn was 0.51, while the average fraction of soybean was 0.49. This finding (illustrative only) 

combined with a limited number of fields with only 1 or 2 years of corn support the assumption 

that the current results are not strongly affected by synchronization of management patterns 

within each county, even when averaging over only two years (each frame of Movie S1). 

Interested readers are referred to a broader nine-state study (Plourde et al., 2013) which used 

CDL data to identify corn area versus the fraction of years of corn for 2003-2010.   

Finally the county level results are based upon the fraction of area in corn, not the 

number of fields, but those two quantities are closely related (Fig. S2) for rotations with 3 or 

more years of corn. Fig. S2 shows that fields with less intensive corn (1 or 2 years) or no corn (0 

years) have smaller polygon areas in general. Thus, these polygons have less influence on the 

county level results. 
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Fig. S1. A map of fields in Wright County, IA shows alternating corn-

soybean rotations, more intensive corn, and “other” crop rotations 

without corn. Corn-soybean and soybean-corn rotations have corn in 

even or odd years, respectively, for the years 2010-2016. Areas with no 

color (white) were excluded as urban areas, road corridors, or water 

bodies. The total number of fields/polygons is 5882. 

 

Fig. S2. Histogram of the number of fields with 0-7 years of corn in the 

period of analysis (2010-2016) and the associated fractions of the total 

county area. Corn-soybean and soybean-corn rotations starting in 2010 

have 3 and 4 years of corn, respectively. 
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Movie S1. Animation of the interannual Corn Belt dynamics from 2010-2016 can be 

viewed at: https://alm.engr.colostate.edu/cb/item/13580 (scroll down to “Example Applications” 

and click on the “CornBelt.avi” link. The file “CornBelt.mp4” was also uploaded as Supporting 

Information. 

We queried two-year periods and computed the running average for each year (frame) of 

the video. Viewers may watch the video play (3 seconds per frame), but more detailed inspection 

is possible by pausing the video and stepping manually through the frames. 
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