
Land Cover Rotation Patterns 2007-2016
Analyzing land cover f or dif f erences in crop rotations and su b sti-
tu tions answers - What are the most common land cover rotation
patterns? In dif f erent years, f arm ers alternate planting c orn, soy-
b eans and spring wh eat with  eac h  oth er, f allow land and c rops, to
preserve soil nutrients. Th e meth odology to derive th e m ost c om-
mon rotation patterns f or corn, soyb eans and spring wh eat is:
1) Sample 10% of c u ltivated land, 2) Grou p rotation patterns b y
rolling 5-year inc rem ents (2007-2011, 2008-2012, ... 2012-2016),
and 3) Redu ce dim ensionality of data by su m marizing resu lts of
patterns f or like crops (see graph ). Below are examples of u niqu e
rotation patterns su m marized into a single Corn-Soyb ean pattern:
                   Corn – Soyb ean – Corn – Soyb ean – Corn
                   Soyb ean – Corn – Soyb ean – Corn – Soyb ean
                   Soyb ean – Corn – Soyb ean – Corn – Corn
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Planting Frequency of Crops, 2008 - 2016
   Crop planting f requ ency maps address - Where are the predom-
inant crop growing regions for years 2008 - 2016? Th e maps
display th e weig h ted nu m b er of  years (f requ ency) th at a c rop was
grown, th ou gh  not nec essarily c onsec u tively. To create th e data
layers, th e nine years of CDLs are rec oded to represent only th e
crop of  interest (c orn, soyb eans, spring wh eat), th en th e individu al
years of c rop-spec if ic CDLs are added togeth er to calc u late a

planting f requ ency c ou nt per pixel. Corn and soyb eans grow in sim-
ilar areas in North  Dakota (ND), Sou th  Dakota (SD) and Minnesota
(MN), wh ile c orn extends m ore west and soyb eans m ore north .
Spring wh eat grows all over ND, and in parts of  MN and SD.
   O n th e sing le and b ivariate maps, dark h u es indicate c rops grown
more of ten, lig h t h u es depict c rops grown less often. Th e b ivariate
maps sh ow wh ere two crops grew in th e sam e area in 2008 - 2016.
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To create 10-year raster crop mask stacks u sed in tab u lar & raster
analyses: 1) extract CDL data f or states MN, ND, SD & years 2007
- 2016 f rom CropScape portal, 2) create crop masks f or eac h  state

Multi-Year Raster Crop Mask Stacks for Individual Crops
& year by rec lassif ying pixels to 1 f or a specif ic crop and to 0 f or
everyth ing else, 3) stac k eac h  c rop mask f or all ten years to f orm
a sing le dataset f or eac h  c rop type (c orn, soyb eans, spring wh eat).
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Multi-Temporal Composites -
First Year Crop Grown

   Th e m u lti-tem poral c om posite maps sh ow ten years
(2007 - 2016) of raster crop data c om b ined. Th e maps
b elow, f oc u s on - Where and when was a crop first
grown in the ten-year sequence? In th e analysis, a
crop pixel is assigned to th e year it is first present in
th e CDL. E.g., if th e c orn mask c ontains pixels in 2007,
th ey are c lassif ied as f irst grown in 2007. If no corn
pixels exist in 2007, b u t exist in 2008, th ey are clas-
sif ied as f irst grown in 2008, and so on to 2016. Corn/
soyb eans grew in areas m ore west/north  af ter 2010.

Multi-Temporal Composites -
Latest Year Crop Grown

   Th e maps b elow, ref lect - Where and when was a
crop last grown in the ten-year period? In th e anal-
ysis, a c rop pixel is assigned to th e year it is last pre-
sent in th e CDL f rom 2007 - 2016. Corn/soyb eans last
grown in 2012 or earlier reside along th e Minnesota-N.
Dakota b order and in central S. Dakota. In NW  North
Dakota, spring wh eat at tim es replac es du ru m wh eat.
   A diverging c olor sc h em e depicts th e year grown
u sing darker h u es to em ph asize early and rec ent years
at th e ends of th e tim e period. 
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2007 (acres) 2016 (acres) % Change

Corn 15,910,000 17,600,000 10.62%
Soybeans 12,700,000 18,850,000 48.43%
Spring Wheat 9,750,000 8,390,000 -13.95%
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Th e c rop masks are layered to produ c e 10-year tim e
stacks f or eac h  of  th e th ree crops. Mu lti-tem poral
tab u lar and raster analyses are perf orm ed f or eac h
crop to examine: 1) crop acreage & directional m igra-
tion trends of c rop areas, 2) location and year a crop
was f irst grown and last grown, 3) crop planting f re-
qu ency, 4) land cover replac ed by th e c rop and 5) 5-
year averaged crop rotation patterns. O u tpu t resu lts
are in th e f orm of maps, graph s & nu m eric tab les.
   Th e analytical resu lts sh ow a north -western expan-
sion of  c orn and soyb eans, and a western m igration of
spring wh eat. Resu lts also indicate th ese c rops su p-
planted pastu re/grassland, non-cropland and oth er
crops, in addition to rotating with  eac h  oth er. Som e
f actors c ontrib u ting to crop m igration/c h ange are
prof itab ility of row crops over small grains, modif ied
plant genetic s, & farm managem ent program c h anges.
Th is stu dy can assist to f orm u late agric u ltu ral b est
practices and monitor & f orecast agric u ltu ral trends. 

Crop Migration and Change Analysis, 2007 - 2016
   Spatio-tem poral analyses are u tilized to investigate
m igration and ch ange of  th ree leading c rops grown in
th e North  Central region of th e United States (Min-
nesota, and North  & Sou th  Dakota) over a period of
ten years (2007 - 2016). In 2007, th e th ree largest
crops in th is region by area were c orn, soyb eans and
spring wh eat, ac c ording to of f icial USDA estimates.
By 2016, corn acres c h anged +10%, soyb ean acres
+48% and spring wh eat acres -14%.
   To stu dy m igration & c h ange, Cropland Data Layer
(CDL) crop-spec if ic 30m/56m land cover imagery is
downloaded f rom th e CropScape web site (h ttps://
nassgeodata.gm u .edu /CropScape/) f or years 2007 -
2016. 56m images are resampled to 30m f or stacking
m u lti-date imagery. Crop Frequ ency Layer 30m
imagery of  c orn, soyb eans & spring wh eat f or years
2008 - 2016 are also downloaded f rom CropScape.
   Th e analyses entail c reating single-c rop images
(c orn, soyb eans, & spring wh eat masks) f or eac h  year.

   A ten-year sequ ence of  Cropland Data Layer raster imagery is
u sed in th e analysis. Th e f irst step is to c reate 10-year b inary
crop mask stacks of sing le c rops (corn, soyb eans, spring wh eat)
f or North  and Sou th  Dakota and Minnesota f rom th e CDL imagery.

   A series of  conditional statements iterate th rou g h  th e ten crop
masks to derive f irst & latest years a crop was grown, and perc ent
and type of land cover initially replaced b y a c rop. O th er analyses
com pute annu al m ean c rop c enters and c rop rotation patterns.

Analysis Flow Model and Conditional Statements

Using Spatio-Temporal Analyses to Investigate
Crop Migration and Change in the North Central US

American Association of Geographers Annual Meeting, Washington, DC, April 2019
Avery Sandborn and Lee Ebinger, US Department of Agriculture, National Agricultural Statistics Service

Crop Migration and Acreage, 2007 - 2016
Th e Crop Migration and Acreage map illu strates yearly m ean cen-
ters and c rop ac reages f or c orn, soyb eans and spring wh eat, to an-
swer - Is there a directional trend to the overall migration of
crop areas and has crop acreage changed from 2007 - 2016? 
   To calc u late th e m ean c enter, crop masks f or th e North  Central
region are generated to isolate pixels of a certain c rop type (corn,
soyb eans, spring wh eat). Latitude-longitu de valu es are appended to
th e c rop pixels. Th e glob al m ean of  all latitude and longitude c oor-

dinates are calc u lated and mapped as th e m ean center of th e crop
area, th is is repeated f or eac h  year. A north west m igration pat-
tern is evident f or c orn & soyb eans, and a western m igration trend
f or spring wh eat. 
   Mean c rop centroids su m marize raster data to discreet points
and are portrayed on th e map as small, colored circ les linked b y
th in, colored lines representing m igration path s. Annu al crop ac re-
ages are calc u lated and illu strated b y c olored, gradu ated c irc les.
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Corn:  9.78%
Soybeans  34.83%
Pasture/Grassland:  16.71%
Other Crops/Idle:  33.36%
Non-Cropland:  5.32%
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   W h en examining c rop c h ange, it is im portant to know - What land cover was replaced
by the new crops grown? Pixel-level analysis identif ies wh at land c over type was replac ed
wh en c orn, soyb eans, and spring wh eat were f irst grown. For example, if a corn pixel f irst
appears in th e 2016 CDL, th e analysis looks at th e c orresponding pixel in th e previou s
year’s (2015) CDL and determ ines its land c over type. Land cover types are categorized
into: c orn, soyb eans, spring wh eat, oth er crops/idle, pastu re/grassland, and non-c ropland.
   Th e graph s b elow, represent perc entage and type of  land c over a crop replac ed wh en it
was f irst grown in th e ten-year sequ enc e. Com parison of graph s sh ows evidenc e of  f allow
-ing cropland and c onversion f rom u nc u ltivated to c u ltivated land. Th e Replaced Land Cover
maps illu strate th e type of  land c over th at was present th e year prior to wh en th e land
was f irst planted with  c orn, soyb eans or spring wh eat, du ring th e ten-year period.

Crop Change from Previous Year, 2007 - 2016


