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EXECUTIVE SUMMARY 
 
 
 

Our current agronomic systems are responsible for over 8 percent of domestic greenhouse 

gas emissions (GHGs), and the impacts of climate change are growing significantly over time. 

The Natural Resources Conservation Service (NRCS) has opportunities through the 

implementation of the 2018 Farm Bill to better target agricultural conservation practices that 

mitigate agricultural emissions. This paper utilizes interviews with soil health and agricultural 

climate change experts to provide background on the agriculture sector’s GHGs and potential 

federal policy paths toward lowering emissions. Leading industry reports are also analyzed to 

determine the current state of science and federal policy for agricultural climate change 

mitigation, as well as projections for increased adoption of different conservation practices. This 

paper will highlight gaps in research and monitoring and recommend pathways to increase 

adoption rates for soil health projects through a pilot program. This paper also requests new 

conservation program criteria to better target and increase effective agricultural climate practices. 

By pursuing these two opportunities, NRCS has the opportunity to curb climate change by 

decreasing GHG emissions while building more resilient farmland.  
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INTRODUCTION 
 
 
 

Climate change is one of the greatest threats our country and world is facing today. The 

impacts of climate change touch every aspect of our lives, threatening water and food supplies, 

increasing extreme storms, and heightening health risks. A recent multi-agency report by the 

U.S. Federal Government warned that by the end of this century, the U.S. could lose hundreds of 

billions of dollars trying to combat these effects (USGCRP, 2018). Climate change is driven by 

human activities, in particular, our increased emissions of GHGs generated by industries like 

energy, transportation, and agriculture. 

In the agriculture sector, farmers are a source of GHG emissions but are also projected to 

suffer greatly from the impacts of anthropogenic climate change. A report by the U.S. 

Department of Agriculture (USDA) projects variable precipitation and rising temperatures will 

harm crop activity. The report also predicts an increase in weeds, diseases, and extreme weather 

events driven by climate change that will further hinder crop growth and yields. Climate change 

will also negatively impact livestock, making them susceptible to ailments at consistently high 

temperatures (Walthall et al., 2012). Climate change’s threat to our food security will only 

become worse as the global population is expected to grow to nine billion people by 2050. 

The immense size of this issue demands a holistic approach that involves engagement 

amongst all industries including transportation, energy, and agriculture. In order to keep the 

global rise in mean temperature to less than 2°C, experts warn that GHG levels must be 

stabilized at 450 ppm CO2 Eq.* (Biardeau et al., 2016). This goal will not be met without 

                                                 
* Following the UN Framework Convention on Climate Change, this paper uses amount of carbon dioxide equivalent (CO2 Eq.) 
to quantify the impacts of all GHG emissions including CH4 and NO2. 
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substantial reductions in anthropogenic GHG emissions including those from agricultural 

practices. 

In the agricultural industry alone, there is substantial work to be done. The three most 

common GHGs produced by the agricultural industry are methane (CH4), nitrous oxide (NO2), 

and carbon dioxide (CO2). When released into the atmosphere, these three gases trap the heat 

that is driving climate change. The Environmental Protection Agency (EPA) recently reported 

that the agricultural industry was responsible for 8.4 percent of our country’s GHG emissions in 

2017 (Environmental Protection Agency, 2019).†‡  

Figure 1: Total Domestic Agricultural GHG Emissions 

 

These emission trends have only been increasing. Between 1990 and 2017, increased 

agricultural operations in the U.S. has led to greater U.S. agricultural sector emissions for CO2 by 

16.2 percent, CH4 by 14.4 percent, and NO2 by 7.3 percent. The below graph shows increasing 

                                                 
† Soil management practices that increase soil nitrogen (N) like fertilizer application represent the largest source of N emissions, 
and overall GHG emissions, at 73.9 percent of annual NO2 emissions. Manure management and field burning contribute in 
lesser amounts to NO2 emissions. Enteric fermentation, also known as cow burps, compromised 26.4 percent of domestic 
anthropogenic CH4 emission, and manure management represented 9.3 percent. Most of these emissions came from beef and 
dairy operations. Field burning and rice fields also contributed in lower amounts to total anthropogenic CH4 emissions. Urea, a 
fertilizer from animal waste, and liming, the addition of calcium or magnesium to neutralize soil acidity, are responsible for 
around 0.1 percent of U.S. anthropogenic CO2 emissions. See Appendix III for GHG emissions by practice and crop across the 
country.  
‡ MTT denotes million metric tons.  
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annual GHG emissions from different agricultural crops and management styles (Biardeau et al., 

2016). 

Figure 2: U.S. GHG Emissions from Agricultural Activities 1990-2014 

 

The agriculture sector in particular is filled with opportunities to avert the worst of 

climate change’s impacts through mitigation while also preparing for unavoidable damages with 

adaptation. This paper will focus on two opportunities for mitigating GHG emissions. The first is 

reducing NO2 and CH4 emissions at the source, and the second is sequestering CO2 through 

carbon (C) sinks (Smith et al., 2008). Soil C pools can hold an estimated 2500 gigatons of C, 

making it the largest terrestrial C pool (Biardeau et al., 2016). Globally the levels of C in the top 

meter of soil is three times the amount in the air, and four times the amount of C in living matter. 

Over time, land disturbances like agricultural expansion have lowered these rates (Thamo and 

Pannell, 2015). Currently, US cropland soils only sequester around 8.4 MMT CO2 Eq. annually, 

while they have the potential to sequester 100 MMT CO2 Eq. (Biardeau et al., 2016). Climate 
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mitigation practices can also enhance adaptation by building a more resilient cropping system 

that can handle increased climatic variabilities.  

Soil health practices are some of the most promising venues for climate mitigation and 

adaptation with extensive, validated research. NRCS defines soil health as “the continued 

capacity of the soil to function as a vital living ecosystem that sustains plants, animals, and 

humans” (Doane, 2016). Over the past century, agricultural intensification has led to a 

degradation in domestic organic C by up to 60 percent. Healthy, C-rich soils have numerous co-

benefits. For example, when a farmer implements a soil health practice like cover crops, they can 

mitigate GHG emissions, enhance the soil’s water capacity, lower fertilizer application, decrease 

soil erosion and nutrient loss, all while increasing their crop yield and saving money. Most 

importantly, the practices that promote healthy soils can also capture and contain GHGs. The 

Nature Conservancy reports that if soil health is factored into economic and environmental 

decisions on a majority of corn, soy, and wheat farms across the country by 2025, 25 million 

metric tons of GHG emissions can be avoided annually, equivalent to taking 5 million passenger 

cars off the road for a year (Doane, 2016). 

Three of the most popular soil health practices are cover crops, permanent land cover, 

and crop rotations. Cover crops are typically grown off-season from a cash crop to keep roots in 

the ground and provide soil surface protection. With this additional protective vegetation, the soil 

can better hold onto C, prevent nitrogen (N) emissions into the air, and siphon additional C from 

the surrounding air. This practice specifically avoids fallow periods without any physical soil 

protection or additional C input, especially during the summer, to avoid microbe decomposition 

and prevent C release. Retiring land or converting land to more permanent cover like wooded 

buffer, hay, or pasture also increases C sequestration. The cover protects the soil, and the C 
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inputs from trees, shrubs, and grasses is greater than from annual crops (Baranski et al., 2016). 

Lastly, crop rotation also leads to greater soil microbe diversity and aggregation, bolstering 

communities that process and protect soil C. These practices, individually and combined, also 

lower the need for N fertilizers that contribute to NO2 emissions. Indirectly, reduced fertilizer 

application also leads to less fertilizer manufacturing, a practice which releases CO2 (Smith et al., 

2008). There is a myriad of other soil health practices with climate benefits including manure 

management, no-till, and nutrient management (Natural Resources, 2017). 

Outside of soil health, there are other ways to address climate change through agricultural 

practices. For livestock management, rotational grazing avoids cattle overgrazing which kills C-

storing vegetation in a single area. Modifying cattle diet with oils and concentrates and 

improving manure management through use of anaerobic digesters also lower CH4 emissions. 

Vegetated areas including riparian buffers and wetlands trap emissions and reduce nutrient 

runoff on the edge of crop fields. Draining rice fields multiple times throughout a season lowers 

the amount of waterlogged soils that release CH4. Farmers can even use precision agriculture to 

lower tractor mileage and emissions, as well as adopt renewable energies like solar panel 

installation (Smith et al., 2008). 

The recently passed 2018 Farm Bill provides an ideal mechanism to incentivize these 

practices to mitigate and adapt to climate change. The Farm Bill is a domestic, multi-year 

omnibus law that spans the agricultural and food industries; it is also a trusted and popular piece 

of legislation in the agricultural community that acts as the primary vehicle through which 

farmers interact with federal policy. The most recent Farm Bill, the Agricultural Improvement 

Act of 2018, was signed into law in December, 2018. Although Farm Bills may miss their 

expiration due to political negotiations, including the most recent, the law is supposed to be 
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reauthorized every five years. This frequent reauthorization requirement offers lawmakers the 

unique opportunity to test-drive innovative policies and tweak existing programs. The 2018 Farm 

Bill is comprised of 12 titles that span farm commodity price and income supports, agricultural 

trade, farm credit, rural development, research, bioenergy, foreign food aid, and its largest piece, 

nutrition assistance in the U.S. (115th Cong., 2018). This paper will focus on the Farm Bill’s 

second title (Title II) which addresses federal programs designed to incentivize on-farm 

conservation practices.  

Originally conceived out of the 1930’s Dust Bowl, NRCS is a USDA sub-agency that 

receives the majority of Title II funding. Most of this funding goes towards technical and 

financial assistance to farmers to implement agricultural conservation practices. The overall 

mission of NRCS is to provide “farmers, ranchers, foresters and other private working 

landowners the tools they need to restore and protect the productivity of their lands.” The agency 

programs, authorized by the Farm Bill, are voluntary and incentive based, which is a stark 

contrast to the regulatory regime many farmers experience when interacting with the 

government.  

These NRCS Farm Bill programs are a prime opportunity for climate action because they 

deliver technical and financial assistance to farmers in every state. NRCS has offices and staff in 

almost every county in the US, has a long history building relationships and working with 

farmers, and is often seen as a trusted source of information and assistance. Over the past decade, 

NRCS has worked with over one million farmers and ranchers to implement conservation 

practices.  

NRCS Farm Bill programs currently address a wide array of natural resources concerns 

including soil health and erosion, water quality and quantity, air quality, waste management, fish 
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and wildlife habitat, and long-term land sustainability. Many of the conservation practices 

previously listed, as well as other climate-friendly practices, can be supported through current 

NRCS programs, but their impacts on climate change are treated as co-benefits, not primary 

benefits. Due to the severity of climate change’s impacts, these benefits need to be addressed and 

targeted directly to ensure the most effective practices are being prioritized and supported.  

The 2018 Farm Bill contains new provisions that can incentivize practices to further 

mitigate GHG emissions and enhance the agricultural industry’s resilience to climatic variability. 

However, this language is limited, oftentimes spanning only a few words or sentences. Over the 

next year, NRCS will interpret this language to create new rules that will carry out the bill’s 

intention.  

Problem Statement: This paper will identify two key ways NRCS can better target 

climate action while implementing the 2018 Farm Bill: the establishment of a new soil health 

trial and through new Title II program practices and purposes. The U.S. agricultural systems are 

responsible for over 8 percent of domestic GHG emissions, and if this problem is ignored, it will 

only exacerbate climate change. To prevent the worst impacts of climate change, the agricultural 

sector needs to begin immediately reducing emissions to mitigate the effects and build resilience 

to the impacts already occurring. This paper will use a comprehensive literature review and 

expert interviews to gather a state of science and policy to inform the final recommendations.  
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METHODS 
 
 
 
Subjects 

 Nine interviews were first conducted to inform this paper’s recommendations on soil 

health and climate research, as well as Farm Bill program implementation. Soil health and 

agricultural climate experts at environmental nonprofits, USDA HQ officials creating and 

interpreting rules, and state NRCS staff implementing the programs were interviewed. 

Interviewees provided issues context, advised on the direction of this paper’s recommendations, 

and shared many of the reports referenced in this paper. Interview questions and answers can be 

found in Appendix I. Informed consent was received from the individuals for the publishing of 

these interviews. 

  

Study Procedures 

 The authorizing language in the 2018 Farm Bill was analyzed to determine best 

opportunities for climate action. The current state ranking criteria for conservation programs 

were then reviewed for language on climate or soil health that could be scaled to the national 

level. Leading reports by the USDA, EPA, nonprofits, and agricultural and conservation journals 

regarding soil health and other conservation practices were reviewed for their impacts on GHG 

emissions. These reports contained their own recommendations for improving climate mitigation 

through practices and policies, which were also factored into this paper. USDA reports were 

analyzed for the current climate impacts of conservation programs, showing areas for potential 

improvement. All of these reports were utilized in this paper to point to the best climate 

practices, research, and monitoring that could be integrated into federal policy recommendations. 



 

 9 

RESULTS 
 
 
 
Soil Health Trial Recommendations 

 
The 2018 Farm Bill authorized the USDA to spend $25 million annually on conservation 

innovation trials including a soil health pilot program that will “provide incentives to producers 

to implement conservation practices that (i) improve soil health; (ii) increase carbon levels in the 

soil.” The demonstration trials will also “establish protocols for measuring carbon levels in the 

soil and testing carbon levels.” The Farm Bill also required the Secretary to produce a study by 

September, 2020 that examines gains in soil health, highlights any new technology or innovative 

practices carried out, and addresses any of the practices’ economic benefits (115th Cong., 2018). 

This paper identifies two areas where CIG’s§ new soil health trials should focus: filling 

research gaps and scaling up soil health practice adoption. The paper then offers pathways 

towards accomplishing these goals.  

 

Pathways for Improved Research and Adoption 

The science behind soil health and its ability to capture and store GHG emissions has 

been studied for decades. Even with the extensive research and evidence demonstrating its 

effectiveness and benefits, soil health is still an optimal field for more research. Experts have 

determined that soil health practices help capture and store C emissions in the soil, but the 

demand for more research is evident in the variation amongst reports on storage potentials. A 

recent report by the National Academy of Sciences estimated that increased conventional 

                                                 
§ Conservation Innovation Grants (CIGs) are a Title II Farm Bill program that support the creation and testing of new, 
innovative agricultural conservation technologies and practices. 
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cropland and grassland management practices could potentially remove .25 Gt/y CO2 Eq. in the 

U.S.** The report continued that frontier technologies like high C phenotypes and C burial could 

reduce emissions by .8 Gt/y CO2 Eq. Similar adoption rates could globally remove 3 Gt/y CO2 

Eq., and adding frontier technology could lead to an 8 Gt/y CO2 Eq. reduction (National 

Academies, 2019). The report argued previous studies were overly optimistic by not fully 

factoring land availability for conversion, leakage, potential land disturbances, and economic and 

behavioral barriers. Another 2004 report concluded U.S. agricultural soils could sequester .4-1.2 

Gt/y CO2 Eq. Overall, optimistic reports usually account for soils sequestering 8-10 Gt/y CO2 

Eq., or at least 10 percent of global annual emissions (Kane, 2015). A notably ambitious 

projection from the Paris COP21, which launched an international “4 per 1000” initiative to 

increase global storage of soil C by .4 percent annually, projected sequestering 20-35 percent of 

global anthropogenic GHG emissions (Schlesinger and Amundson, 2018). Studies with less 

optimistic sequestration rates dropped well below 5 percent in their projections. 

A better understanding of the impacts of soil health is needed to implement the practices 

effectively on all land and soil types and to make a strong case for scaling up adoption. A 2015 

report by the National Sustainable Agriculture Coalition highlighted dozens of areas where soil 

health research can be improved (Kane, 2015). This paper posits that the CIG trials can improve 

our understanding of soil health practices and their impacts by focusing on five key areas: 1) 

non-conventional practices, 2) practice permanence, 3) capturing leakage, 4) regional and local 

variability, and 5) monitoring and sharing data. 

 

                                                 
** Gt/y denotes gigaton per year. 
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1) Many of potential practices for improving C sequestration are non-conventional. While 

conventional practices gain the most research and funding, newer, more innovative practices 

with large potential for C storage are lacking attention (Kane, 2015). 

Reports and interviews with experts in the field showed that NRCS should explore 

alternative, non-conventional practices to better understand the agricultural industry’s 

ability to capture and store emissions. High C crop phenotypes with deep, more massive roots 

that also maintain above-ground yields should be a point of study. This includes a focus on the 

performance of perennialized major grains and oilseed crops and their impacts on the soil 

(National Academies, 2019). These perennials have the chance to capture significantly more C in 

the ground long-term with less soil disturbance. One study found that increased root growth and 

depth could match anthropogenic emissions over the next 40 years. Agroforestry, which mimics 

a forest’s long-term capture and protection of C in an agricultural system, also needs increased 

research for its similarly impressive potential (Kane, 2015). For this research, USDA can partner 

with the National Science Foundation and Department of Energy while building on the 

Advanced Research Projects Agency–Energy’s (ARPA-E) recent ROOTS (Rhizophere 

Observations Optimizing Terrestrial Sequestration) program (National Academies, 2019). 

 Multiple interviewees and reports noted that fertilizer technology is a promising field. N 

is a powerful source of GHG emissions and overuse of N on farms has led to large increases in 

emissions. Fertilizer is responsible for N nutrient runoff and NO2 emissions, but new methods 

and product improvements like enhanced efficiency fertilizers (EEFs) can lower N release. EEFs 

slow the breakdown and release of fertilizer N through the use of urease inhibitors, nitrification 

inhibitors, and chemical-coated fertilizers. Research and data have been insufficient, but one 
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study found nationally only 12.5 percent of cornfield acres used EEFs in 2010 (Baranski et al., 

2018).  

 

2) Numerous academic journals pointed to the issues of permanence in soil health practices 

(Thamo & Pannell, 2015; Murray, Sohngen, & Ross, 2006). Current, one-time monitoring has 

not factored the long-term retention and impact of soil C levels. It generally takes decades for 

soil health practices to significantly improve soil C levels (Murray, Sohngen, & Ross, 2006). 

Soils also have a C capture capacity, and once this finite amount is reached, no further 

opportunities exist for sequestration. C levels are easily reversible if the land is disturbed and 

emissions are released. For example, a 2016 study found that tilling a previously no-till field, 

disturbing aggregates and exposing C molecules, reverses nearly all C gains (Kane, 2015). 

Subsequent conservation practices can only recapture the previous levels of saturation point C.  

NRCS should pursue longer term monitoring to gain a better understanding of 

practice permanence and overall sequestering potential of soils. For example, there are 

currently no long-term studies on C pools. Results from models indicated C sequestration and 

full C budgets remained higher for organic no-till systems, surpassing more conventional tillage 

over time (Kane, 2015). Longer-term data would also provide a stronger case for farmers 

considering adopting these practices. One interviewee noted that farmers using cover crops may 

not fully realize the increased capacity of their soils to capture and store water and nutrients until 

they experience a drought year, demonstrating the value-add of these practices. These benefits 

may not show during the three-year window for CIG. Multiple interviewees noted CSP could be 

used as an extender, with benchmarks and room for enhancements, for the continued 

implementation and monitoring of these practices.  
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3) Studies and interviewees also highlighted the need for increased attention towards 

leakage to gain a more holistic understanding of practice impacts. Direct leakages are GHG 

emissions that occur as practices are undertaken to mitigate other GHG emissions. For example, 

the interviewees and reports frequently pointed to an increase in soil C at shallow depths when 

using no-till practices compared with conventional tillage. However, conventional tillage has the 

potential to mix and relocate the C deeper in the soil, which is not possible with no-till or 

reduced tillage practices (Kane, 2015). Well-intentioned practices can also inadvertently increase 

NO2 and CH4 emissions. For example, converting an annually cropped field to perennial pasture 

can increase C sink, but if cattle are introduced to the land, their CH4 emissions may eventually 

overcome any C benefits (Kane, 2015).  

Leakage should be addressed by recording and factoring any unintended CH4, NO2, 

and CO2 emissions, as well as any N and phosphorus (P) runoff. The benefits of soil health 

practices like no-till have been well documented at shallow depths. To gain a better 

understanding of the entire soil structure including aeration, microbes, soil properties, and plant 

residue depth gradients, NRCS should conduct measurements below the first 30 cm of subsoil 

(National Academies, 2019). NSF and USDA could both conduct this research. Further, a project 

that demands increased N application in order to capture increased amounts of C should be 

analyzed for potential N runoff and NO2 emissions. When land is converted from row crop to 

management-intensive grazing, fine-scale measurements of CH4 emissions should be included 

(Kane, 2015).  

 

4) Multiple reports and interviewees pointed to knowledge gaps on how various practices 

perform in different climates, soil types, and soil management histories. The below graph, using 
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data from the CENTURY model, which factors land use and management as well as climate and 

soil variabilities, shows the great regional diversity in soil C storage potential caused by differing 

biological factors including manures, root masses, plant residue and respiration, and bacteria and 

fungi. Soil conditions also play an important role including erosion, leaching, chemical 

composition, temperature, and moisture. (Biggar et al., 2013).††  

Figure 3: Soil Stocks by Region and Input Level 

 

These same variations also impact the effectiveness of different soil health practices, 

making it difficult to pick the right practice for the right field. For example, crop rotations for 

corn in the Southeast sequester five times the amount of GHGs as wheat fields using the same 

practices in the Southern Plains. No-till is also less effective at sequestering GHGs in colder, 

wetter climates with heavier soils (Biggar et al., 2013). Efforts are further complicated as farm-

by-farm modeling is resource intensive, complex, and intrusive to many farmers. 

                                                 
††High-input land is irrigated cropland or annual crops with hay or pasture rotated. Low-input land is cropland with summer 
fallow or crops in rotation with cotton. Medium-input land includes all other rotations like corn, wheat, and soy. 
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Reports noted that NRCS needs to better aggregate data by industry, region, crop 

type, and soil type to better identify opportunities on individual farms and at regional 

levels (Kane, 2015; Thamo & Pannell, 2015). Fields that represent these types should be chosen 

across the country in alignment with current experimental sites. These studies include ARS’s 

GraceNET and Long-term Agricultural Experiment networks and the NSF’s Long-term 

Ecological Research and the National Ecological Observatory Network (National Academies, 

2019). 

 

5) All reports and interviewees agreed the overall monitoring and sharing of data for soil 

health practices has been insufficient, leading to many of the current gaps in research. Farmers 

have also had difficulty meeting state standards for cap-and-trade programs due to data 

deficiency and not enough farms are collecting and sharing data on the GHG benefits of their 

conservation practices (Biardeau et al., 2016). The quantification and sharing of data is important 

for enhancing practices and their impacts, as well as demonstrating practice benefits to farmers.  

For better data and research, NRCS should implement a national on-farm soil 

monitoring system under the current National Resources Inventory (NRI). NRI is a NRCS 

statistical survey of data from non-federal lands. Due to the currently low analysis of soil health 

practices and their impacts, one paper recommended NRI capture soil samples and analysis every 

five to seven years at around 5,000-7,000 cropland and grassland locations. This increase in data 

points would remove industry uncertainties around the practices and improve our soil C 

inventory on the national scale (National Academies, 2019). Soil health information currently 

being monitored in-field by the USDA and by external organizations like NSF, the Soil Health 

Partnership (SHP), and the Soil Health Institute (SHI) should be analyzed to best identify data 
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gaps and opportunities. The SHP is a farmer-led coalition administered by the National Corn 

Growers Association. They have over 100 management sites across 12 states where soil health 

practices are tested and showcased to advance sustainability and farm economics. The SHI is a 

coalition of agricultural industry partners, farmers, scientists, governments, and consumers to 

promote scientific knowledge and technology around soil health. Interviewees in particular 

pointed to the SHP and SHI as a potential partner for on-farm data gathering.  

 NRCS also needs better measuring systems to enhance our understanding of soil 

health practices. Currently, tools to measure emissions are largely expensive, labor-intensive 

laboratory-based equipment. They are also mostly limited to one-time measurements that lack 

temporal and spatial variability. The CIG soil health trials should focus on easier measuring 

protocols utilizing less expensive, labor-intensive field tools so producers can provide real-time 

measurements across regions (Kane, 2015; McLellan et al., 2018). For information that cannot 

be gathered on-farm, multiple interviewees pointed to better utilizing remote sensing systems 

like the Operational Tillage Informational System (OpTIS). This system gathers data on crop 

emergence and cover crops from satellites, giving a better estimate of the amount of fields 

implementing soil health practices. Information from OpTIS is currently being added to the 

DeNitrificationDeComposition (DNDC) model, which can then simulate the increased water 

capacity, decreased nutrient runoff, and emission reduction benefits that soil health practices 

offer (Doane, 2016). 

NRCS should better quantify the impacts of soil health practices using existing and 

new monitoring and modeling like the systems above. These systems should provide multi-

layer inputs including climate, soil, and topographic spatial data, as well as comprehensive data 

on management practices like crop species, conservation practices, fertilizer, irrigation, and 
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productivity. This information should help build customizable land use and ecosystem models 

that producers can easily access and harness as they make land management decisions. For 

example, CropScape is a land cover map offered by USDA’s National Agricultural Statistics 

Service where producers can add crop, planting frequency, water, boundary, and road layers. 

One interviewee suggested that an additional layer for conservation practices would allow 

producers to gain a more holistic understanding of the combined benefit of different practices. 

As more producers access these models, options should be available to crowd-source their 

voluntary land and management information.  

Many components of this system already exist and can be improved including NRCS’s 

COMET-Planner and COMET-Farm tools. The farm-scale models allow producers to input 

current and potential management practices to quantify their farm’s C emissions impact 

(Biardeau et al., 2016). DayCent, the underlying model used by COMET, should also be 

improved and used throughout the soil health trials. DayCent is a daily time-step model that 

simulates vegetative, atmospheric, and soil fluxes in C and N from different agroecosystems. A 

majority of the quantified GHG information from reports came from these two systems, and 

multiple interviewees recommended NRCS should fully utilize these tool to improve GHG 

emissions data. 

Reporting and sharing data is also vital for increased soil health understanding and 

adoption. Interviewees and reports noted that USDA’s Conservation Effects Assessment Project 

(CEAP) should be enhanced. CEAP is a multi-agency endeavor comprised of farmer surveys, 

literature reviews, and complex modeling to determine the environmental impacts of federal 

agricultural conservation programs including those in the Farm Bill. National, as well as regional 

and watershed assessments, have been recently published that cover the soil, nutrient, and water 
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impacts of grazing lands and croplands (NRCS, 2017). The sites monitored still represent a small 

portion of land with soil health practices. The first assessments, CEAP-1, were based on dated 

information spanning 2003-2006. A CEAP-2 is currently being developed using data from 2015-

2016. Interviewees expressed frustration with CEAP’s delayed and lack of reporting at more 

granular, local levels. CEAP would be more effective by increasing the frequency and detail of 

reporting regarding GHG emissions (Baranski et al., 2018).  

Data between field experiment systems, from NRCS sources and across the spectrum of 

USDA agencies, should also be shared and compared. Within USDA, the NRCS, RMA, FSA, 

NASS, ERS, and any other relevant agency should identify and share data related to conservation 

practices and their impacts on soil health, GHG emissions, risks, and crop yield and profitability. 

Two interviewees noted standardized measurement protocols and methods are necessary. For 

example, NRCS and FSA use different metrics and measuring units which makes data 

comparison difficult. The interviewees went on to recommended that USDA create a central, 

standardized database that protects the producer’s private and confidential information while 

allowing them to voluntarily offer supplemental data. Data should be available to land grant 

universities and other research institutions to aid in their additional conservation data collection 

and analysis. The 2018 Farm Bill requires the Secretary identify these datasets and the steps 

needed to share with these external entities (115th Cong., 2018). 

 

Pathways for Scaling Up Adoption 

Although these five research areas are important, the Earth is already experiencing the 

impacts of climate change and immediate action is needed. More research will always be 

necessary to test and prove practices and their impacts, but these CIG trials should 
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predominantly focus on scaling up adoption rates of soil health practices. In almost every 

interview, the experts recommended focusing on incentivizing increased adoption rates as a 

priority over base research.  

The status quo of low soil health adoption rates needs to change rapidly in order to meet 

climate goals. In the U.S., cover crops have been adopted on less than 5 percent of farmlands. 

Low adoption rates are generally attributable to farmer unfamiliarity, cost barriers, crop 

insurance restrictions, and a lack of technology to prove and implement the practices in some 

areas. When commodity prices are high, farmers typically opt for the more intensive cash crops 

because of the high profit margin at the expense of crop rotations that incorporate legume, hay, 

or grass (National Academies, 2019). To overcome these barriers, the CIG trials should focus on 

four key areas: 1) program flexibility, 2) economic benefits, 3) education and extension, and 4) 

leveraging relationships. 

 

1) The new CIG soil health trials should be flexible and timely to entice more applicants 

and inspire innovative projects. The current application process for CIG can be cumbersome, 

with large amounts of paperwork and wait times. Many farmers are resistant to engagement with 

the federal government, and they are further driven away by the prospect of a problematic, 

intrusive application process. One interviewee recommended allowing aggregate applications, 

similar to RCPP’s alternative funding arrangements, so a third party could handle a bulk of the 

paperwork. NRCS should ensure there is adequate NRCS staff on the ground to offer technical 

support for the efficient development and implementation of these trials. 
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2) Data collection should focus on economic benefits to overcome financial barriers to 

adoption. Even with the documented C and soil health benefits, many farmers have been 

resistant to soil health practice adoption due to social and economic barriers (Kane, 2015). Many 

farmers operate on thin margins and are risk averse, carefully outweighing the repercussions of 

every management decision. This precarious position often makes new practice adoption 

difficult. Interviewees noted that the current cost-share payments provided by NRCS 

conservation programs, typically 50 percent of the cost of a practice, is oftentimes still not 

sufficient for producers to change their management or strategy. Adoption of new practices 

requires training and oftentimes a steep learning curve. There is also not enough information 

currently available to farmers on the potential for higher yields, enhanced irrigation efficiencies, 

increased wildlife and recreation, and other economic benefits attributable to soil health practices 

to create enough incentives to overcome the barriers of adoption. For example, a California 

NRCS interviewee noted that conservation practices should focus on the cost savings benefits 

attributable to practices that enhance water capacity over other resources concerns. Indirect cost 

and collateral impacts like land use change also need to be better modeled (National Academies, 

2019). NRCS should be able to put a dollar analysis on the entire spectrum of costs and benefits 

of these practices over multiple years.  

 

3) NRCS should focus on outreach through education and extension to inform farmers 

of conservation practice benefits in order to increase adoption. Many farmers are unfamiliar 

with the extent of conservation practices, their positive impacts, and the federal incentive 

programs at their disposal. They rely on local conservation districts, crop specialists, and other 

agronomic experts to determine their land management strategies; these entities may not be 
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focused on the soil health of a farmers’ land or the climate benefits that may come with the 

implementation of soil health and conservation practices. With increased data on soil health at its 

disposal, NRCS should focus on education to all stakeholders including crop consultants, 

producers, and agency personnel that are aiding in the implementation of these projects (National 

Academies, 2019). 

 

4) NRCS should leverage the endeavors of other groups promoting soil health research 

and adoption. There are many groups like the SHP and SHI already gathering data and 

information and engaging farmers on soil health implementation across the country. Following 

increased partnership on data collection, NRCS should also leverage relationships with external 

groups to expand the numbers of farmers contacted and engaged on soil health practices. For 

example, CA NRCS worked with state agencies, universities, and other local groups to hold 

workshops for farmers and ranchers on the climate benefits of conservation practices. Progress 

has been made as the 2018 Farm Bill better engaged community colleges in CIG demonstration 

pilots, and NRCS should continue focusing on similar cooperative endeavors (115th Cong., 

2018). USDA can also enhance its engagement with farmers and ranchers on climate issues 

amongst its agencies. As envisioned under the recent reorganization, a farmer should be able to 

walk into a NRCS, FSA, or Risk Management Agency (RMA) office for information on an 

agricultural loan or crop insurance, and also learn more about an array of soil health that can also 

benefit their farm. 

 

 



 

 22 

Climate Practices & Purposes Recommendations 

 
This paper also identifies ways to effectively implement the new practices and purposes 

in EQIP‡‡, CSP§§, and HFRP*** that promote climate change mitigation and adaptation. First, the 

following criteria, as authorized by the 2018 Farm Bill, should be added to the three 

programs’ national ranking criteria: 1) EQIP: “adapting to, and mitigating against, increasing 

weather volatility,” 2) HFRP: “practices to increase carbon sequestration,” and 3) CSP: “soil 

health planning, including planning to increase soil organic matter; and activities that will assist 

a producer to adapt to, or mitigate against, increasing weather volatility.’’ These national criteria 

would better standardize practices across states and bring climate impacts to the forefront at a 

national level.  

One state NRCS interviewee recommended that NRCS HQ provide guidance and 

examples for climate-friendly practices and GHG monitoring techniques captured under 

these new criteria so that implementation is consistent and effective. Interviewees noted that 

some applicants have been confused by 2014 Farm Bill state provisions in ALE††† and CIG that 

incentivize climate and C sequestration practices. For example, in 2018 Michigan farmers could 

receive 10 points on their state ALE rankings for “multifunctional conservation values, 

enhancing carbon sequestration and improving climate change resiliency on agricultural land” if 

their farms were using “no-till, permanent hay, pasture, or orchard” (Natural Resources, 2018). 

Farmers have been applying for these points without clear or effective plans to implement 

                                                 
‡‡ The Environmental Quality Incentives Program (EQIP) offers financial and technical assistance to implement new 
conservation practices on working farmland. Under EQIP, Conservation Innovation Grants (CIGs) support the creation and 
testing of new, innovative agricultural conservation technologies and practices. 
§§ The Conservation Stewardship Program (CSP) offers financial and technical assistance to farmers who are actively managing 
their land through existing and additional conservation efforts. 
*** The Healthy Forests Reserve Program (HFRP) restores, protects, and enhances forestland and their beneficial functions. 
Unlike the other Title II programs, HFRP is authorized through Title VIII’s forestry provisions. 
††† The Agricultural Land Easement (ALE) program in Title II of the 2018 Farm Bill protects farmland from conversion and 
conserves grazing land. 
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practices and monitor results. Examples of the most effective conservation practices and 

monitoring techniques would ensure better clarity and project efficiency across the states, 

especially as these efforts are now going national through the mandates of the 2018 Farm Bill.  

There are numerous reports on the effectiveness of conservation practices for climate 

mitigation and adaptation that NRCS could utilize to help guide these practices. The below 

graph, using the NRCS COMET-Planner, contains a comprehensive list of practices and their 

impacts. Soil health practices are designated in green (Biardeau et al., 2016). 

Figure 4: Potential Soil C Sequestration and Emissions Reduction by Practice 

 

Another graph below takes into account the maximum implementation potential, 

factoring human needs for food and fiber, of natural climate solutions including many of the 
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practices above. For example, cover crops surpass windbreaks because there are more acres 

available for the cover, meaning a larger overall GHG footprint (Fargione et al., 2018).‡‡‡ 

Figure 5: Agricultural Natural Climate Solutions Mitigation Potential in 2025 

 

More thorough tables of individual conservation practices and their GHG mitigation potential 

can be found in Appendix II. 

Similar to the CIG soil health trials, monitoring and data are also important for the 

implementation of these programs. Interviewees noted NRCS should have clear measurement 

parameters that consider the entire management system and its climate impacts. Using the tools 

noted in the soil health trial section, new conservation practices should be measured over time 

for their returns on water quality and quantity, soil health and erosion, air quality, fish and 

wildlife habitat, crop yield, and long-term land sustainability. This data is important for 

enhancing practices and their impacts, understanding the holistic impacts of conservation 

practices, and proving practice benefits to farmers.  

                                                 
‡‡‡ The black lines represent the 95 percent confidence interval or reported range. Ecosystem benefits for each practice are 
indicated to the left including air filtration, biodiversity habitat protection or restoration, soil enrichment, and water filtration 
and flood control. Mg denotes megagrams. 
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While guidance and examples in these areas are important, state NRCS staff noted the 

importance of also utilizing local and regional expertise. State Technical Committees (STCs), 

state advisory committees to NRCS, should develop state criteria and determine the best climate-

friendly practices at a more granular level depending on soil and climate types. Interviewees 

agreed that STCs welcome widespread involvement and diversity of perspective. One USDA 

interviewee noted a lack of climate change expertise on many state committees and 

recommended NRCS engage regional USDA Climate Hub staff at these meetings. The Climate 

Hub is an excellent source of tools and information for STCs, producers, agency staff, and others 

addressing climate concerns, as they work across USDA departments to link research and 

program regional delivery at the local and regional scales. The interviewee also recommended 

increased local engagement determining criteria through stakeholder listening sessions and 

surveys.  
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DISCUSSION 
 
 
 

The main findings of this review indicate that there are large gaps in research and 

monitoring of soil health and its relationship to agriculture and climate. The reports and 

interviewees indicated NRCS Farm Bill conservation programs should focus on bridging these 

gaps, as well as scaling the currently low practice adoption rates. Most reports focused on current 

agricultural practice trends and their impacts, while the most valuable reports and interviews 

contained recommendations for improvement and projected GHG mitigation potential.  

 All reports and interviewees agreed agricultural conservation practices were vital to 

lowering domestic GHG emissions, but the opportunities for action differed. As previously 

noted, due to the difficulty in monitoring, the amount of GHGs sequestered by soils through 

agricultural conservation practices differs greatly. The practices recommended for scaling also 

varied for the same reason. Some reports claimed CH4 and NO2 emissions were underreported 

while questioning soil C capacities; other reports focused on untapped C sink potential. This 

paper contains an array of these projects and recommendations, while noting areas of 

disagreement. 

This paper was limited by the current lack of federal agricultural climate and soil health 

data and policy. USDA figures for agricultural conservation practices and their climate impacts 

are not detailed or up to date. Other organizations implementing and monitoring these practices 

are also lacking in shareable data. This paper used all data possible and recommended 

improvements for collection and dispersion. Due to a lack of national sweeping agricultural 

climate policy, this paper utilized the impacts of current conservation practices, soil health pilot 
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projects, and state-level climate policies across the country to inform the enhancement of federal 

policy. 

If the provisions recommended in this paper are carried out, the benefits can far be 

reaching. If program implementation is improved, NRCS can build stronger trust and 

relationships with farmers and ranchers, opening inroads for more conservation opportunities 

including engagement on climate change. This paper’s findings on soil health research and 

monitoring can also increase our holistic understanding of agricultural practices and their 

impacts. The same data that enhances our understanding of soil health conservation can also 

better model the entire agricultural system including impacts to crop yields, water management, 

and nutrient loss. This increase in information would better inform agricultural policies and 

practices, creating a more sustainable U.S. agricultural industry.  
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CONCLUSION 
 
 
 

This paper finds there are significant ways NRCS can target climate mitigation and 

adaptation through the implementation of the 2018 Farm Bill. To enhance GHG emission 

reduction, the CIG soil health trials should focus on innovative techniques with longer, more 

holistic monitoring systems at the local, state, and regional levels. Building on current systems, 

NRCS should better monitor practices and measure results to quantify and share data on soil 

health benefits including GHG capture and reduction.  

 A vital aspect for the CIG trials should be increasing adoption rates for soil health 

practices. To do this, the soil health trials should be flexible and easier to access, and data 

collection and dissemination should be focused on economic benefits. NRCS should also 

increase their outreach and education, as well as collaborations with other stakeholders to further 

scale up soil health practices.  

 Lastly, national ranking climate change criteria should be added to EQIP, CSP, and 

HFRP. Applicable, effective examples of practices and monitoring techniques for this new 

criteria should be given to state NRCS chapters. NRCS should also leverage the local and 

regional expertise of farmers, agency staff, and other stakeholders.  

Further studies and data on the economic and behavioral barriers to agricultural 

conservation adoption are needed to enhance policies, outreach and extension, and program 

implementation. The expansion of NRCS conservation projects, collaborations, staff, and pilot 

programs are also needed to better identify effective practices and increase their rate adoption.  
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APPENDIX I 
 
 
 

The interviews conducted for this paper are summarized below. 
 
 
Pipa Elias, Soil Health Strategy Manager, The Nature Conservancy 

 
Q: What are good places to look for information on current ag climate policy in the U.S.? 
 
A: The USDA 10 building blocks are good to review.  
 
Q: What criteria are important to look at if I use a proxy for a nationwide federal ag climate 
policy? 
 
A: For state policies, look at language, practices considered, and monitoring. It may be technical, 
but looking where money is going and needs to go is important (i.e. more money for cover crops 
needed in warming areas). 
 
Q: What is your take on the state of science around soil health currently? 
 
A: The science around soil health and its connection to carbon is not new and its well-
researched. We can always have more research, but this is a crisis and immediate, large action is 
needed. The biggest challenges now are mainly on scaling up and overcoming the cost share 
needed to change practices. We need to begin connecting the individual studies and trials and 
begin thinking holistically. The SHP is doing great work that can be connected in. 
 
Q: What about the issue of having enough nitrogen in soils to capture carbon? 
 
A: That hasn’t been an issue I’ve run into with ambient levels of nitrogen in most soils studied 
being enough to capture carbon. We have a long way to go before farmers start applying more 
nitrogen just to capture more carbon. 
 
Q: Is monitoring too big of an issue to try to cover in this paper? 
 
A: Not at all, we’re doing some exciting work already with USDA on satellite monitoring and 
that sort of work needs more resources and attention.  
 
 
Kate Zook, Program Analyst, USDA Office of Energy and Environmental Policy 
 
Q: How is NRCS currently defining climate and soil health? 
  
A: We have SH as a core practice on our website with information and definitions. A lot of our 
climate focus was defined in the 10 building blocks.  

https://protect-us.mimecast.com/s/2ZU4CL91Ggimxr58hBJPFP?domain=nrcs.usda.gov
https://protect-us.mimecast.com/s/vznHCM8KXjIRK1GmFkRIyM?domain=usda.gov
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Q: I am looking at multiple state Farm Bill ranking/criteria as proxies for climate ag policy. 
What are your thoughts? 
  
A: That’s a great idea. You should try to talk with State Conservationists for more information. 
We also have Climate Hubs, 10 centers across the U.S., that are studying climate impacts on ag 
and forestry regionally that I will connect you with. 
  
Q: Where is best to look for current Farm Bill program environmental results? 
  
A: CEAP has aggregated environmental impacts. I am sending you reports on mitigation costs 
and potential, broken down regionally, in the U.S. I’m also sending a report detailing methods 
for farm-scale greenhouse gas quantification. COMET is a farm scale model that runs off of 
DAYCENT, which is the daily time-step version of the CENTURY biogeochemical model. 
DAYCENT simulates fluxes of greenhouse gases, and can model emissions and sinks from 
agriculture. COMET runs on DAYCENT, and is a farm scale tool that uses a google maps-like 
interface to allow farmers to estimate their greenhouse gas balance based on their farming 
practices. DNDC is another model used to estimate greenhouse gas emissions from agriculture.  
  
Q: Is the SH climate science well proven, and instead we should focus now on more acres? 
  
A: Soil health could use more research, but implementation is key. Additional research is also 
needed on enhanced efficiency fertilizer technology which can reduce nitrous oxide emissions. 
Satellite monitoring like OPtis is also cutting edge and important because it demonstrates rates of 
soil health practice adoption. The SHP is collecting economic data from average farmers. We 
need to make sure there enough data points to pull together.  

 
 

Doria Gordon, Lead Senior Scientist, Environmental Defense Fund 
 
Q: Is the science behind SH and climate solid? What about measured depths? Are you concerned 
about levels of nitrogen needed? 
  
A: First, SH means something different to different people. However, those practices that 
increase soil organic matter and water holding capacity, reduce erosion, and reduce nutrient loss 
are valuable for agriculture and the environment. Right now, we don’t have enough evidence to 
understand whether those practices also result in carbon storage that reduces net greenhouse gas 
concentrations.  
  
Q: Can you detail some practices and the scientific concerns? Most people I’ve spoken with say 
the science is proven 
  
A: For example, no-till has shown carbon accumulation in surface soil, but lower levels at depth, 
so not a net increase in carbon. More phosphorus may also leach from some soils under no-till. It 
may take 10-20 years of no-till to see carbon levels increase, and permanent no-till is uncommon 
and ties the hands of farmers when there may be innovations that would be beneficial. 
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The data on net benefits of cover crops on carbon sequestration are also inconclusive. If cover 
crops are fertilized, for example, higher emissions of nitrous oxide (another greenhouse gas) may 
result. So we need to learn more about potential tradeoffs. To hit lofty (and possibly unrealistic) 
C storage goals, you likely need much more N, which can lead to runoff and nitrous oxide 
emissions.  
  
I’m sending you a National Academy of Sciences report that shows a potentially more realistic 
goal for soil GHG mitigation. The COP21 report promised much more. Most groups would agree 
that cultivation of cover crops (since photosynthesis removes CO2 from the air) is this most 
promising practice for potential carbon storage, but as I say above, we have not sufficiently 
evaluated the potential tradeoffs with release of other greenhouse gases. We also don’t know that 
the carbon stored is retained in the soil over the long-term, since that depends on other practices 
as well. 
  
Q: What are the current proven practices then? 
  
A: Emissions reduction rather than storage are most promising right now. That can be through 
not converting land that has not been disturbed, so carbon is retained in the soil and vegetation. 
And it can be through practices that reduce carbon emissions through equipment use. Fertilizer 
management/application is important for reducing nitrous oxide emissions. Confined livestock 
practices like lagoons and digester are good for reducing methane emissions, as well as some rice 
conservation practices. These are not targeting C, but reducing emissions of other greenhouse 
gases. 
  
Q: What metrics are best to focus on and how? 
  
A: Increasing carbon across the soil profile is important, as is quantifying trade-offs with 
emissions of other GHGs. We need more collection of field data to evaluate the potential benefits 
of different practices. Ideally, those data (currently too expensive to collect to deploy monitoring 
across the agricultural landscape) can then be used to improve the models we have for 
calculating GHG emissions. Our current models are not sufficient for large-scale application 
across soil, crop, an practice types. 
 
Chris Adamo, Vice President Federal and Industry Affairs, Danone North America 
 
Q: What do you think is the most important focus for the soil health trial? 
 
A: The research is still needed, but really we have to scale these practices up. To do this, making 
the economic case is important. This should be broadly interpreted beyond yield to include 
returns in water, soil, wildlife, etc. We need to set clear criteria and measurement parameters that 
consider the holistic management systems. Instead of just capturing a farmer implementing cover 
crops and the impacts, what are the different layers like other conservation practices and their 
combined impacts?  
 
Q: Should outcomes be a big focus? 
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A: Yes, we need measurable outcomes and public reporting so results aren’t just sitting in a 
binder. We need public accountability. Practices are multiple year strategies that should be 
monitored over time. 
 
Q: Is the geography important for these programs? 
 
A: Rather than focused on impaired watershed, these practices need to contrast apples to apples. 
Crops growing should be compared to soil types should be compared to regional climates. 
 
Q: Are there any other important factors for the soil health trial? 
 
A: EQIP needs to be more flexible. Farmers don’t want to go down to the NRCS office and 
navigate complex processes. Examples of potential flexibilities include if CIG had a less 
demanding application process. RCPP make applications easier with their aggregate applications. 
 
 
Rachel Steele, National Climate Hubs Lead, USDA Office of the Chief Economist 
 
Q: Can you tell me about the USDA Climate Hub? 
  
A: We work across USDA departments to link research and program regional delivery so 
producers and staffers in the states have the tools and information they need to address climate 
concerns.  
  
Q: What are some good resources to get more context on how climate impacts ag and vice versa? 
  
A: The National Climate Assessment identified areas most vulnerable to climate change. 
Regional 2 pagers are also available to get a more granular level of detail, which is important. 
Stakeholder listening sessions and State Technical Committees are important to get to these 
levels of detail too. 
  
Q: What are the most helpful tools being used now in this sphere? 
  
A: I will email over some tools including one on ag risk and another on economics. See 
https://www.climatehubs.oce.usda.gov/tools/all 
  
Q: Do you think the science around SH and climate change is settled?  
  
A: Yes, and I agree that we still need to look at the nitrogen pathways and measuring depth 
concerns and the timeline for soil carbon accumulation as you noted. 
  
Q: Anything else I am missing? 
  
A: Connecting ag and forestry research and other information is important across USDA and 
outside including universities. 
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Brian Thomas, MI NRCS ACEP Coordinator & Becky Otto MI NRCS EQIP Coordinator 
 
Q: MI ALE in 2017 had state ranking criteria to on C sequestration and climate. Has this been 
successfully implemented? 
  
A: The State Conservationist developed this question and recently changed it to focusing on 
improving resilience to adverse weather. Applications receive these points for conservation 
measures such as permanent cover or conservation tillage, however, Michigan has been 
successful in funding a significant portion of all applications received and this question hasn’t 
been determinative.   
  
Q: Can you name a practice that can get these carbon points? 
  
A: Sure, implementing no-till, or long-term hay or pasture. Orchards also get these points for 
having long-term, permanent cover. Second level practices include strip till or buffers/grassed 
waterways.  
  
Q: Are there any issues with the implementation of this criteria? 
  
A: For ALE, ranking criteria isn’t enforceable such as a contract is. They are used to prioritize 
applications subject to limited funding. Once an application is selected, management strategies 
can change. There isn’t a mechanism to require continued engagement in that activity once a 
selection is made unless that activity is part of a contract.  
 
Greg Kidd, WI NRCS Assistant State Conservationist for Easements & Kristin Westad, WI 
NRCS Program Manager for ALE 
 
 Q: ALE for WI includes criteria on C capture and climate. How effective has this been?  
 
A: It is well intentioned but we’ve had issues with execution for 4 reasons: 1) we don’t have 
measures for success 2) entities applying don’t have agronomic expertise 3) little leverage over 
landowner- can’t promise carbon for 10 years 4) NRCS can’t monitor anymore. It’s up to entity 
if conditions are not met. 
 
Q: Can you please expand on point 2? 
 
A: Half of the applicants try to take the points even though they don’t have plans on meeting the 
objectives. These entities also sometimes don’t have experts/TSPs reviewing the plans.  
 
Q: How can we enhance guidance and awareness for climate in these programs? 
 
A: There is currently a good balance 50/50 for national and state criteria. It would be helpful if 
HQ provided examples, then give the states the ability to tweak for regional/local concerns. For 
example, ways to monitor the program and examples of good practices would be helpful.  
 



 

 37 

Q: Do you think it’d be helpful if someone from the Climate Hub attended STC meetings? 
 
A: The more people we get the meetings with a diversity of ideas, the better. 
  
 
Nick Sirovatka, OR NRCS, Basin Agronomist 
 
Q: OR’s CIG has state criteria for climate and carbon sequestration. Has this been popular and 
effective? 
  
A: There are so many good projects but just not enough funding to implement. Projects have to 
be thoroughly researched and proven as viable before funding. Climate has been in the 
background on CIG, as the program is organized to target specific concerns in OR. The climate 
provisions can be included as a secondary or a “check the box” if it is captured within the 
project. There is also the possibility that climate focus is the major spotlight of the project in 
which case there would be a clear line of sight with its practices. 
 
  
Q: What would be helpful from HQ to bring the climate provisions to the forefront? Examples? 
More climate hub participation? 
  
A: Examples of practices and monitoring techniques would be alright, but states should be left to 
make their own decisions. We’ve had a positive relationship with the climate hub and think them 
being more involved in the states approach to strategic planning is a positive opportunity. 
 
  
Q: How can we make CIG SH practices more enticing? 
  
A: It’s already pretty flexible and sought after. Really funding is the issue. Overall for soil 
health, farmers understand the practices and their positive impacts, but the biggest point is 
economics. Soil health involved an entire shift in operation and mentality. We need to do a better 
job putting a dollar analysis on the whole spectrum of costs and benefits for SH practices over 
multiple years. Farmers don’t fully see the benefits of cover crops and their nutrient and water 
storage abilities until a bad drought year, so this can be tough to prove over the 3-year window of 
CIG. We also need to do a better job looking at the regional level to the case study perspective.  
  
Q: Are outreach and education important? 
  
A: Absolutely. Increasing partnerships will help as well. I was at a conference recently and it was 
disheartening seeing how all the land grant and other research institutions were not talking to 
each other on how they were approaching and analyzing soil health. The USDA could focus on 
creating cooperative projects to address this. 
 
 
Thomas Hedt, CA NRCS Acting Assistant State Conservationist-Programs, Eric Beardsley, CA 
NRCS Program Specialist, & Dean Kwansy, CA NRCS Easement Program Specialist 
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Q: CA’s CIG has state criteria for climate and carbon sequestration. Has this been popular and 
effective? 
 
A: A landowner rarely comes in specifically to address climate, but it has helped to inspire 
biochar field trials, as well as use of composted manure, and soil organics improving practices. 
 
Q: What tools do farmers currently have at their disposal for soil health/climate practices? 
 
A: COMET has been helpful and could be improved with more site-specific, real-time focus. 
Universities have been working on adoption research. Currently there are workshops on climate 
change for CA farmers and ranchers held by a wide range of stakeholders. The opening of CIG 
to community colleges in the new farm bill was a good new opportunity. More coordination 
would also be helpful for working easements into a larger landscape, coordinating their 
purchases for the biggest climate benefit. 
 
Q: What are the barriers to soil health adoption right now? 
 
A: Small changes in soil health and their nontangible costs. It changes how farm laborers work 
and there is a learning curve. There are many variables to deal with, so it’s not just a matter of 
installation cost. Also, it takes time for the impacts to be seen, so practice and monitoring 
extension may help.  
 
Q: How can we improve current SH practices? 
 
A: We need to work with farmers on the issues they have. For example, water issues are at the 
forefront here in CA.  
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APPENDIX II 
 
 
 

The following tables on GHG mitigation potential of agricultural conservation practices 

come from the 2013 ICF report “Greenhouse Gas Mitigation Options and Costs for Agricultural 

Land and Animal Production within the United States.” For each practice, the report also 

includes detailed tables, divided by region and crop, on the acres being treated, practice costs, 

yield benefits, and break-even prices (Biggar et al., 2013).  
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The National Academy of Science’s 2019 report “Negative Emissions Technologies and 

Reliable Sequestration” also includes detailed graphs of C storage and GHG mitigation potential 

by practice, as well as further tables on costs and co-benefits (National Academies, 2019). 
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APPENDIX III 
 
 
 

The following maps from the 2016 USDA report “U.S. Agriculture and Forestry 

Greenhouse Gas Inventory 1990–2013” show GHG emissions by state from various agricultural 

practices (Baranski et al., 2016).  
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