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1 OVERVIEW

Full results, including estimates for all emissions sources (soil carbon, soil N,O, and woody biomass C)
are provided in detail in the accompanying workbook (CRP_analysis_27Mar2018.xlsx). This report
describes methods used to derive estimates and provides a general overview and discussion of results.
We do not recommend generalizing results at scales not provided in the dataset (e.g. whole U.S.),
without careful consideration of area-weighting.

2 APPROACH

Scenarios

Consistent with most CRP enrollments, this analysis assumes an annual cropland baseline for all
scenarios. Croplands were then converted to permanent grass-dominated, grass-legume (approx. 50/50
mix), and woody cover. For all CRP cover types, we assumed no management following seeding,
including no irrigation, fertilizer or other inputs, and no harvesting or grazing of aboveground biomass.
Combining all baseline and conservation scenarios resulted in the following set of scenarios:

e Non-irrigated annual cropland converted to unmanaged grass-dominated CRP
e Irrigated annual cropland converted to unmanaged grass-dominated CRP

e Non-irrigated annual cropland converted to unmanaged grass-legume CRP

e Irrigated annual cropland converted to unmanaged grass-legume CRP

e Non-irrigated annual cropland converted to unmanaged woody CRP

e Irrigated annual cropland converted to unmanaged woody CRP

Soil Carbon and Soil Nitrous Oxide

Estimates of soil carbon and greenhouse gas emissions changes following conversion of cropland to CRP
were generated from a sample-based, modeling approach that relied on the USDA entity-level methods
guidance (Eve et al. 2014). This approach was very similar to the one used to generate estimates for the



COMET-Planner tool, as described in the accompanying report (Swan et al. 2017). Random point
locations were stratified by USDA Major Land Resource Areas (MLRA) and restricted to cropland soils as
defined by the USDA-NASS Cropland Data Layer (CDL) (USDA-NASS 2009-2015). We targeted a sample
size of 150 points per MLRA, though MLRAs with minimal cropland land use resulted in smaller sample
sizes. We extracted a cropping sequence for each point from CDL for all years available for the
conterminous US. Cropping data for each point was used to build a crop rotation and determine crop-
specific management such as nitrogen fertilization rates, planting dates, and harvest practices. Typical
rates of N fertilizer were applied to each crop, as reported by the USDA Economic Research Service
(USDA-ERS 2014). Crops were planted and harvested according to typical practices by crop and state
(USDA-NASS 2010). Following long-term cropland production, CRP grasses or grass-legume mixes were
planted, accounting for regional differences in dominant grass and grass-legume types (i.e. cool vs.
warm season, or cool/warm season mixes). After grass and grass-legume systems were planted, no
other management practices were applied.

Once we had constructed the baseline cropping and CRP scenarios, we modeled the scenarios in
COMET-Farm, through an Application Programming Interface (APl). The COMET-Farm API is essentially a
side door into the tool that accommodates multiple runs and multiple locations without needing to
enter data manually in the graphical user interface (GUI). COMET-Farm is a web-based, whole farm,
GHG accounting systems that employs methods outlined in the USDA Methods for Entity-Scale
Inventory guidance (Eve et al. 2014) (Figure 1).
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Figure 1. A diagram of the online, decision support COMET-Farm System.

Estimation methods used for most GHG sources in COMET-Farm rely on advanced methods (commonly
referred to as “Tier 3” methodologies in IPCC quantification methods), such as process-based modeling
in DayCent and regionally-specific empirical calculations (Table 1).

Table 1. Estimation approaches by emission source for croplands and grazing lands in the USDA Methods
for Entity-Scale Inventory (Eve et al. 2014).
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Outputs from COMET-Farm were processed by calculating the differences between CRP and baseline
cropping scenarios for soil carbon and soil N,O and then averaging all samples to generate a mean
emission change for each scenario and MLRA. Emission changes represent 10 years since conversion of
cropland to CRP, and are given in average annual emissions changes in this report. Ten years is the
projection period currently used in the COMET-Farm system, however it is likely that SOC stocks will
continue to change on similar trajectories under CRP beyond 10 years, barring another land use change.
A prior analysis of DayCent modeled SOC change in long-term experiments predicted a rapid rate of SOC
accumulation for approximately 30 years on average, after which the rate leveled off to near steady-
state (Paustian et al. 2016). For the purposes of this analysis, we may assume that SOC will continue to
increase in most soils for approximately 30 years on average, however the rate for years 10-30 may not
be the same as for years 1-10 and we would caution against applying the change rates in this report to
30 years. Improvements are currently underway in COMET-Farm to allow flexible timelines, which
would allow users to project the impacts of conservation practices over longer time periods. For some
MLRAs, sample sizes were very small due to limited total annual cropland area within the MLRA. Where
the sample size for a MLRA was less than 20 points, we used a Land Resource Region (LRR) average.

Woody Biomass Carbon

Models for woody biomass accumulation in agroforestry systems (windbreaks, shelterbelts, farm
woodlots, silvopasture, riparian buffers and alley cropping) were built from the USDA Forest Service
Forest Inventory Analysis (FIA) database, using repeated-measures data points at the individual tree
species or genus level, aggregated for US Land Resource Regions (LRR). Ziegler et al. 2016 describe the
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method for windbreak systems, which was replicated for other agroforestry practices. The biomass
accumulation models were combined with USDA/NRCS practice recommendations for the dominant
agroforestry systems, projections of biomass accumulation rates for these major agroforestry
installations at the LRR level were developed. As examples, biomass accumulation rates for five-row
windbreaks consisting of cottonwood, eastern red cedar and green ash were modeled for the Great
Plains, farm woodlots consisting of Douglas Fir were modeled for the Pacific Northwest, and mixed-
species riparian buffers were modeled for the Midwest. There are 117 unique agroforestry systems
modeled in the dataset, representing approximately 60 woody species, over the 26 Land Resource
Regions within the conterminous U.S (Appendix 1). However, following discussions with FSA we focused
the analysis for CRP on farm woodlots and riparian buffers.

3 RESULTS AND DISCUSSION

Soil Carbon

In most MLRAs, conversion from annual cropland to either grass-dominated or grass-legume CRP
resulted in SOC sequestration after 10 years (Figures 2 & 3). There are a few exceptions: in dry climates
of California and the southwest, SOC declines slightly following conversion of irrigated and non-irrigated
cropland to grass-dominated CRP. In these regions where both low precipitation and nitrogen
availability limit plant growth, irrigation and N fertilizer inputs commonly applied in annual croplands
may lead to higher plant productivity, and thus carbon inputs to soils, than permanent grasslands
receiving no inputs. Field observations of SOC recovery under CRP show slow recovery in more arid
climates (Munson et al. 2012) and negligible gains in sandy soils (Baer et al. 2010). Baer et al. (2010)
predicted that full recovery of SOC stocks to native (pre-cultivation) levels may take over 100 years. If
we extended the modeled timeframe out another 10-30 years, we may observe that SOC under CRP in
these dry climates eventually surpasses that predicted under annual croplands.

The highest potential on average for SOC accumulation following CRP adoption, was converting non-
irrigated cropland to grass-legume CRP (Figure 2). The potential was higher in non-irrigated cropland
baseline scenarios, due to lower SOC stocks than in irrigated cropland baselines (Figure 3).
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Figure 2. Average SOC emission reductions at the MLRA scale following conversion of non-irrigated
cropland to grass-dominated CRP (left) and grass-legume CRP (right). Positive values indicate
sequestration of carbon in soils following conversion to CRP. Regions shaded gray were not estimated
due to insufficient cropland area.

In general, grass-legume CRP accumulated higher SOC stocks, than grass-dominated CRP, due to
biological N fixation by legumes. However, where precipitation was a limiting factor (e.g. western Great
Plains), the influence of legume N inputs was negligible, and resulted in similar SOC stocks between
grass-dominated and grass-legume CRP (Figures 2 & 3).
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Figure 3. Average SOC emission reductions at the MLRA scale following conversion of irrigated cropland
to grass-dominated CRP (left) and grass-legume CRP (right). Positive values indicate sequestration of
carbon in soils following conversion to CRP. Regions shaded gray were not estimated due to insufficient
cropland area.

Soil Nitrous Oxide



Annual croplands typically receive nitrogen additions in the form of synthetic N fertilizer and/or organic
N amendments, such as manure. All sources of N in soils, including fertilizers, manures, plant residues,
and biologically-fixed N, contribute to soil N,O emissions via denitrification and nitrification processes.
However, N fertilizer or manure additions to croplands tend to be large and cessation of those practices,
as in conversion of annual cropping to permanent, unmanaged grassland, can lead to large reductions in
N,O emissions. However, the difference in N inputs between annual cropland and CRP depends on
region, crop, irrigation and the plant composition and productivity of the CRP system. When converting
from non-irrigated annual cropland to grass-dominated CRP, we predict nominal differences in soil N,O
emissions for most of the country (Figure 4). Non-irrigated croplands tend to receive lower N additions
than irrigated croplands, due to lower crop production potential, especially in semi-arid and arid
climates. For example, in non-irrigated winter wheat-fallow cropping systems, N fertilizer additions in
wheat years are relatively low (30-60 Ibs N ac? yr?), whereas irrigated winter wheat may receive 60-140
Ibs N ac’? yr (USDA-ERS 2014). We predicted larger emissions reductions in the corn-dominated
systems of the Midwest where typical fertilizer rates in non-irrigated systems range from 100-160 |bs N
actyr! (NASS-ERS 2014). Because legumes fix atmospheric N, grass-legume CRP produced more N,O
than grass-dominated CRP (Figure 4). Due to high biologically-fixed N inputs in grass-legume systems,
we predicted similar and sometimes higher N,O emissions from grass-legume CRP than annual cropland
in many parts of the country.
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Figure 4. Average N,O emission reductions at the MLRA scale following conversion of non-irrigated
cropland to grass-dominated CRP (left) and grass-legume CRP (right). Positive values indicate reductions
of N,O emissions from soils following conversion to CRP. Regions shaded gray were not estimated due
to insufficient cropland area.
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Figure 5. Average N,O emission reductions at the MLRA scale following conversion of irrigated cropland
to grass-dominated CRP (left) and grass-legume CRP (right). Positive values indicate reductions of N,O
emissions from soils following conversion to CRP. Regions shaded gray were not estimated due to
insufficient cropland area.

Irrigated annual croplands generally receive higher N fertilizer applications than non-irrigated crops
(USDA-ERS 2014) and wetter conditions under irrigation lead to more frequent anaerobic states
resulting in N2O emissions from denitrification (CAST 2011). As such, irrigated baseline N,O emissions
were higher than non-irrigated baseline scenarios, resulting in larger emissions reductions following
conversion to both grass-dominated and grass-legume CRP (Figure 5).

Total Soil Emissions

While we did predict small N,O emissions increases in some parts of the country following CRP adoption,
when we summed SOC and N;O emissions reductions, we found net positive emissions reductions for
most MLRAs in all four scenarios. This result demonstrates why it is important to evaluate the impacts
of management changes on all affected GHGs and assess the net GHG emissions impact. The highest
net GHG benefits from conversion to CRP were in grass-legume CRP systems, where high C accruals
offset corresponding N,O increases (Figures 6 & 7). Divergent influences of non-irrigated and irrigated
baselines on SOC and N,O were balanced out when emission sources were summed, resulting in small
differences between non-irrigated and irrigated baselines, especially in grass-legume CRP (Figures 6 &
7).
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Figure 6. Average total soil emission reductions at the MLRA scale following conversion of non-irrigated
cropland to grass-dominated CRP (left) and grass-legume CRP (right). Positive values indicate net
emissions reductions of CO; and N,O emissions from soils following conversion to CRP. Regions shaded
gray were not estimated due to insufficient cropland area.
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Figure 7. Average total soil emission reductions at the MLRA scale following conversion of irrigated
cropland to grass-dominated CRP (left) and grass-legume CRP (right). Positive values indicate net
emissions reductions of CO, and N,O emissions from soils following conversion to CRP. Regions shaded
gray were not estimated due to insufficient cropland area.

Woody Biomass Carbon



Scenarios of woody CRP included conversion of non-irrigated or irrigated annual cropland to farm
woodlots or riparian buffers, with specific characteristics of each system varying across regions. Total
woody C accumulation after 50 years varied widely across system type and region, with average accruals
of approximately 50-100 Mg C ac?, and minimums as low as 9 Mg C ac? in riparian buffers and
maximums as high as 247 Mg C ac! in farm woodlots (Table 2).

Table 2. Average woody biomass C accruals by agroforestry system type, 10 and 50 years after planting.

Total (Aboveground + Belowground) Woody
Biomass C Sequestration (Mg C ac™)

10 years after planting 50 years after planting
Agroforestry System Average Min/Max Average Min/Max
Farm woodlot 49 0.6/22.2 89.9 14.3/246.8
Riparian buffer 3.6 0.7/9.2 67.4 17.9/119.4
Riparian buffer (restored) 2.0 2.0/2.0 54.3 54.3/54.3
Riparian buffer (with black walnut and 7.0 7.0/7.0 96.1 96.1/96.1
green ash)
Riparian buffer (with green ash) 2.9 0.6/7.3 48.4 9.1/75.6
Riparian buffer (without black walnut 6.7 6.7/6.7 104.8 104.8/104.8
and green ash)
Riparian buffer (without green ash) 3.0 0.4/7.3 53.9 10.3/86.8

Dynamics of SOC and soil N,O following conversion to woody cover are similar to grass-dominated CRP,
and lacking a better approach to estimating impacts on SOC and N0 in agroforestry systems, we
assumed the same values as grass-dominated CRP scenarios. Using these estimates, we calculated total
agroforestry system net GHG benefits after 10 years. Conversion of annual croplands to agroforestry
systems led to a minimum benefit of approximately 0.2 Mg CO, eq ac yr'! and a maximum of 8.8 Mg
CO; eq act yr?, with wide variation across regions and systems, but largely driven by woody biomass C
accumulation.
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Appendix 1. Biomass C accumulation rates in 10 year increments for agroforestry prescriptions by LRR.

Total (Aboveground + Belowground) Woody Biomass C
Sequestration (Mg C ac?)
Age: 10 Age: 20 Age: 30 Age: 40 Age: 50

LRR Agroforestry System years years years years years
A Farm woodlot 9.9 35.9 73.3 117.8 166.3
A Riparian buffer 9.2 28.5 54.9 85.9 119.4
B Farm woodlot 22.2 67.7 124.3 185.4 246.8
B Riparian buffer 3.9 17.2 39.2 67.5 99.9
C Farm woodlot 3.1 12.0 25.3 41.5 59.7
C Riparian buffer 1.0 3.9 8.2 13.4 19.0
Riparian buffer
C (restored) 2.0 9.2 21.1 36.6 54.3
D Farm woodlot 4.2 16.0 33.7 55.4 79.6
D Riparian buffer 0.7 33 7.3 12.4 17.9
E Farm woodlot 4.5 17.4 36.7 60.4 86.7
E Riparian buffer 3.9 17.3 38.7 65.5 95.0
F Farm woodlot 0.6 2.7 5.9 9.9 14.3
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