
Using Geospatial Datasets to Assess the Potential for Carbon Sequestration of Trees in Agricultural Areas 

Background 

Increasing the abundance of trees on the 

landscape through agroforestry practices has 

been proposed as a viable method for remov-

ing CO2 from the atmosphere in order to 

combat climate change. While not explicitly 

agroforestry, planting trees in underutilized lo-

cations in close proximity to agriculture can 

also help sequester carbon. A convergence of 

data and technology has made it much more 

feasible to explore a variety of tree planting 

configurations and to scale up proposed 

plantings to large areas.  

 

Methods 

There is an abundance of available imagery 

in the United States from both satellite and 

aerial platforms, and cloud computing has 

made it possible to rapidly scan these image-

ry sources for underutilized areas, including 

field edges and corners.  We illustrate how 

cloud computing can be used to quickly ana-

lyze large stores of publicly available data 

and imagery in the central United States to 

identify areas where trees could be added, 

while trying to minimize reductions in cultivat-

ed land. In one example from the Arkansas 

River valley in southwest Kansas, USA, im-

agery and derived datasets are used to identi-

fy fields with center pivot irrigation. Assuming 

a single corner adjacent to each field is plant-

ed with trees, we used per-unit-area esti-

mates supplied by online tools and calculated 

an annual reduction of ~40,000 metric tons of 

CO2 in a 5-county area. Because these esti-

mates can be generated relatively quickly, it is 

possible to adjust assumptions, reanalyze the 

data, and visualize the results in order to 

compare a variety of tree-planting scenarios.  
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Center pivot irrigation is a widely-adopted 

agricultural practice in the U.S. that was 

developed for use in areas where low pre-

cipitation amounts limit yields. It is esti-

mated more than 7 million acres in Ne-

braska utilize this practice. (Right) A cen-

ter pivot sprinkler leaves a distinctive pat-

tern when viewed from above. Although 

some technologies exist to provide more 

water to field corners (below, right), the 

vast majority of fields with center pivot irri-

gation have little or no yield in the corners. 

This results in up to 21.5% of the area be-

ing underutilized. 

Several programs have evolved to make  

use of corner spaces. For example, the  

Corners for Wildlife program in Nebraska 

provides funding to producers to plant habi-

tat. The USDA  has conservation programs 

that provides cost –sharing for planting 

trees and shrubs in these areas.  

A more detailed look at methods... 

 

Potential for carbon drawdown 

In order to analyze the potential carbon storage in pivot corners across the landscape, we needed an efficient method for counting each 

occurrence. While this could be conducted manually (via photo interpretation), this would be a  time-consuming process over very large 

areas. Modern cloud computing enables us to process large volumes of imagery and data very quickly, and these methods can be ex-

tended to other patterns besides pivot corners. In this study, we used Google Earth Engine, a free image processing platform.   

In general, the workflow to assess  potential carbon storage is the following: 

Identify all 

vegetated 

areas 

Identify all 

circular vege-

tated areas 

Group circular 

pixels into an 

object 

Count objects Calculate carbon 

sequestered for all 

objects 

Left: Pivot 

corners 

planted with 

trees and 

shrubs. Note 

the newer L-

shaped plant-

ing in the NE 

corner. 

In this example, we used an existing dataset in which all agricultural areas have been identified. This al-

lowed us to skip to the second step in the workflow. The Cropland Data Layer (CDL: below, right) from 

the USDA National Agricultural Statistics Service (NASS) provides yearly data on cultivated land. 

Partnerships and Resources 

USDA Forest Service Northern Research Station-Forest Inventory and Analysis 

https://www.nrs.fs.fed.us/fia/ 

USDA National Agroforestry Center  

https://www.fs.usda.gov/nac/ 

Story Map: Making Trees Outside Forests Count Story Map: Windbreaks of the Great Plains 

For links to Story Maps and other related information: 

Trees Outside Forests Image-based Inventory (TOFii) 

https://www.nrs.fs.fed.us/inventory_monitoring/monitoring_assessment/trees-outside-of-forests/ 

We recoded pixels representing cultivated land to a value of 1, and all other pixels were omitted from further processing. There are a number of image 

morphology methods for detecting circles. For this case study, we used an approach in which we pass both a circle and a square, approximately the 

size of a farm field, over the image, adding up underlying pixels as they go. The differences in these two passes help locate circular collections of pix-

els. Those locations are then passed through an additional step that turns each circle into an object with a common identifier and counts them. Some 

circles are close enough to appear connected. We use an additional processing step to break these connections so that fields are counted correctly. 

Once the pivot circles were counted, we analyzed those counts to determine po-

tential carbon drawdown. We made several simplifying assumptions: 

• Each corner is 8.5 acres in size 

• Assumes 1/4 mile sprinkler on a 160-acre field with no end jets 

• One corner per field will be planted with trees/shrubs OR grasses  

 

We used the USDA COMET-Planner tool to determine per acre carbon seques-

tration numbers. (see below) 

 

We note that woody plants or some grasses may not be desirable in all locations 

County  Center Pivot 

Fields  Located 

(count) 

Acres to be 

planted 

Tonnes CO2 

removed 

Replace crops 

with 3+ rows 

woody plants 

Tonnes CO2 

removed 

Replace grass 

with 3+ rows 

wood plants 

Finney 569 4836.5 15161 13929 

Grant 159 1351.5 4237 3892 

Gray 328 2788 8740 8029 

Haskell 116 986 3091 2840 

Kearny 379 3221.5 10099 9278 

Total 1551 13183.5 41328 37968 

Above: Progression of a planted pivot corner through 2 decades. 

Agroforestry and other trees outside forests (TOF) plantings have been widely 
recognized as an appealing option for sequestering carbon in agricultural areas. 
Compared to other conservation practices, agroforestry can give larger net gains 
of carbon per unit land area. Scaling up carbon benefits from farm-scale to the 
vast amount of U.S. land in agricultural production can be significant. Lack of in-
clusion of these resources in national inventories leaves a critical gap for ac-
counting for carbon benefits. While there are many carbon estimating tools avail-
able, specific agroforestry methodology can be improved. 
  
For the purposes of this exercise we used USDA’s COMET-Planner tool, a car-

bon and greenhouse gas evaluation for Natural Resource Conservation Service 

(NRCS) practice planning. This tool provides generalized estimates of green-

house gas impacts of conservation practices. Site-specific conditions are re-

quired for a more detailed assessment. 

Upper right: Aerial image of a 5-county area surrounding the Arkansas River valley in Kansas, USA. Image source: National Agriculture 

Imagery Program (NAIP) 

Upper left: Cultivated land class from the Cropland Data Layer (CDL). Data source: USDA National Agriculture Statistics Service 

Middle left: Results of an image processing task designed to identify center pivot irrigation fields based on circular shape. 

Lower left/middle: NAIP image, corresponding cultivated land from CDL, identified center pivot fields  

At right: Close-

up look at an 

area where 

some center 

pivots were 

missed. In each 

of the three 

cases, there 

were enough 

“stray pixels” in 

the CDL layer 

to obscure the 

circular pattern. 

Table 1: Potential annual CO2 reduction due to pivot corner plantings in 5 counties in Kansas, USA 

Below: Sample use of the COMET-Planner tool (http://comet-planner.com/) 
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Limitations: When starting with an existing dataset as we’ve done in this example, the 

accuracy of your result will be constrained by that input. You will see places in the sur-

rounding images where circles are missed. This is often due to how fields are represented 

in the CDL. For example, many of the center pivot fields in northeast Haskell County are 

missed. They appear in the CDL as a square field in many cases (see images below). 

Another challenge is the variety in sizes of center pivot fields (note there is a larger field 

size that is less common in this particular area—but more common in other parts of the 

U.S.). 

Starting with raw aerial or satellite imagery (rather than a processed dataset) provides 

challenges as well. Fields must first be identified after dealing with cloud cover, variability 

in imagery, and seasonal differences in the appearance of irrigated fields.   

Left: NAIP image from 

northeast Haskell County, 

KS. 

Right: Corresponding ar-

ea represented by the 

Cropland Data Layer. 
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