issue brief

Climate-Ready Soil: How Cover Crops Can Make Farms More
Resilient to Extreme Weather Risks

Appendix: Analysis Methodology
Annual Carbon Sequestration and GHG Emissions Reductions
To calculate the amount of greenhouse gas (GHG) emissions
that could be captured annually in the soil by planting
cover crops, we obtained county-level data from the
National Agricultural Statistics Service’s 2012 Census of
Agriculture on the total acres of corn (grain and silage) and
soybeans harvested in the top 10 U.S. agriculture states.1
These are California, Iowa, Texas, Nebraska, Minnesota,
Illinois, Kansas, Wisconsin, North Carolina, and Indiana.2
We selected corn and soybeans for our analysis because
they are the most commonly planted and harvested crops
in the country, and cover crops can be easily incorporated
into this crop rotation.3 However, cover crops can also be
incorporated into other crop production systems, such as
vegetables, cotton, and cereals.4 Consequently, our estimate
of the potential for cover crop adoption is conservative
because it does not take into account the use of cover crops
on fields planted with other commodity crops.
We then determined the acreage for each county if 50
percent of the total corn and soybean acres harvested in
2012 were planted with cover crops. After consulting with
agricultural conservation experts, we chose an adoption
rate of 50 percent because we believe this to be a reasonable
goal for cover crop use in commodity cropping systems.
County-level estimates of carbon dioxide (CO2) and nitrous
oxide (N2O) emissions reductions and capture were derived
using the COMET-Planner tool, which was developed by
the Natural Resources Conservation Service (NRCS) of
the U.S. Department of Agriculture (USDA) and Colorado
State University to evaluate potential carbon sequestration
and greenhouse gas reductions from the use of various
NRCS conservation practices.5 We selected the relevant
state/county and the cover crop (CPS 340) conservation
practice and entered the acreage value previously calculated

to obtain an estimate of carbon sequestration and GHG
emissions reductions in total CO2 equivalent for each
county.
The tool uses an average CO2 emissions reduction value
of 0.21 Mg CO2 equivalent per acre per year for dry/
semiarid climate zones and 0.32 Mg CO2 equivalent per
acre per year for moist/humid climate zones. Each county
is automatically classified into one of these two climate
zones by the tool. Nitrous oxide emissions reductions are
estimated at 0.05 Mg CO2 equivalent per acre per year for
both climate zone types. The tool does not estimate methane
emissions reductions.6 However, research studies suggest
that the use of no-till and cover crop practices in some
farming systems can reduce methane emissions from soil to
a small degree.7 A total GHG emissions reduction value for
each state was calculated by adding the individual countylevel estimates. These values also were translated into
“cars removed from the road” using the U.S. Environmental
Protection Agency’s Greenhouse Gas Equivalencies
Calculator.8
In California, the existing cover crop acreage already
exceeds half of the total corn and soybean acres harvested
in 2012. Accordingly, the values presented for California
in Table 3 of the Executive Summary are calculated using
the above methodology for the total acres currently planted
with cover crops. Because the 2012 Census of Agriculture
reports cover crop use only at the state level (and not the
county level), we calculated carbon sequestration/GHG
emissions reductions estimates using the more conservative
average CO2 emissions reductions value (0.21 Mg CO2
equivalent per acre per year), which is for dry/semiarid
climate zones. The average nitrous oxide emissions
reductions value is the same for both climate zones so we
used this single value in the calculation.
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Additional Soil Water-Holding Capacity

The estimates of additional soil water-holding capacity
assume a 1 percent increase in soil organic matter (SOM)
from the use of cover crops and other conservation
practices. While there are local and regional variations
in soil’s ability to build organic matter, and while
improvements in soil quality may not be detectable in the
first few years after cover crop adoption, research shows
that cover crops and other conservation practices, like notill, can have long-term effects on SOM. SOM is composed
of approximately 50 percent carbon, and numerous studies
have shown increases in SOM or soil organic carbon of 7
to 85 percent after 4 to 48 years of cover crop adoption.9,10
As evidenced by these wide ranges, there is no guarantee
that cover crops will increase SOM in all locations within
a specified time period, as the precise influence of cover
crops, no-till, and other conservation practices is critically
dependent on many factors (e.g., soil type, precipitation,
land use history). We assume that a 1 percent increase in
SOM allows an additional 20,000 gallons of water to be
stored to a depth of 6 inches (0.1524 m) per acre of soil. This
value was derived from the calculations shown below.11
Soil mass per acre

= volume x density

		 = (4046.86 m2 × 0.1524 m) x 1330 kg/m3*
		 = 820,264.2 kg
1% of soil mass per acre

= 820,264.2 kg × .01

		 = 8,202.642 kg
Assuming that organic matter can hold 10 times its weight
in water,12 82,026 kg of water can be held in 1 percent of the
soil mass in one acre.
Water held in 1% of
soil mass per acre		 = 82,026 kg x 2.20462 (lbs/kg)
			 = 180,836.16 lbs / 8.3454 (lbs/gal)
			 = 21,668 gallons
* In this equation, we used the bulk density of a medium-textured soil with 50% pore
space, which is 1.33 g/cm3 or 1330 kg/m3. See USDA-NRCS, Soil Quality Indicators (2008),
www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053256.pdf.

To err on the conservative side, we rounded down to a value
of 20,000 gallons of additional water stored per acre of
soil for use in our analysis. We multiplied this value by the
county acreage estimated if 50 percent of total corn and
soybean acres harvested were planted with cover crops (see
discussion above) to obtain an estimate of additional gallons
of water stored in the soil for each county. A total value of
additional water that could be stored for each state was
calculated by adding the individual county-level estimates.
These values were also translated into an equivalent
estimate of how many people’s per capita annual water
demand could be met with these savings, using the national
average residential water consumption of 88 gallons per
person per day and multiplying by 365 days per year.13
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