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There is increasing enthusiasm around the concept of soil health, and as a result, new public and private initiatives are being developed to increase soil health-related practices on working lands in the United States. In addition, billions of U.S. public dollars are dedicated annually toward soil conservation programs, and yet, it is not well quantified how investment in conservation programs improve soil health and, more broadly, environmental health. The Environmental Quality Incentives Program (EQIP) is one of the major U.S. public conservation programs administered on privately managed lands for which public data are available. In this research, we developed a multi-dimensional classification system to evaluate over 300 EQIP practices to identify to what extent practices have the potential to improve different aspects of soil and environmental health. Using available descriptions and expert opinion, these practices were evaluated with a classification system based on the practice's potential to exhibit the following environmental health outcomes: (i) principles of soil health to reduce soil disturbance and increase agrobiodiversity; (ii) a transition to ecologically-based management to conserve soil, water, energy and biological resources; and (iii) adaptive strategy to confer agroecosystem resilience. Further, we analyzed nearly $7 billion U.S. dollars of financial assistance dedicated to these practices from 2009 through 2018 to explore the potential of these investments to generate environmental health outcomes. We identified nine practices that fit the highest level of potential environmental health outcomes in our classification systems. These included wetlands and agroforestry related practices, demonstrating that ecologically complex practices can provide the broadest benefits to environmental health. Practices with the greatest potential to improve environmental health in our classification system represent 2–27% of annual EQIP funding between 2009 and 2018. In fiscal year 2018, these practices represented between $13 and 121 million, which represented ~0.08% of total annual USDA expenditures. These classifications and the subsequent funding analysis provide evidence that there is tremendous untapped potential for conservation programs to confer greater environmental health in U.S. agriculture. This analysis provides a new framework for assessing conservation investments as a driver for transformative agricultural change.
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INTRODUCTION

Soil health has emerged in recent years as a unique and powerful solution to many of the 21st century's most wicked problems: the degradation of natural resources, food security, and climate change. Despite this more recent emergence, soil health is an ancient and ubiquitous agricultural concept. Described in 2,000 year-old Greek and Roman treatises on agricultural productivity (Karlen, 2012), soil health remained a fundamental principle through more than 200 years of modern agricultural philosophical development (Kuepper, 2010). Following the Green Revolutions of the early 20th century, industrialized agricultural systems focused more on external inputs and efficiency while soil health principles were deprioritized (Gliessman, 2014). The growing focus on soil health is a necessary shift in order to address generations of unsustainable agricultural practices in the U.S. that have led to soil degradation through processes such as erosion, salinization, compaction and decreased soil organic matter (Hatfield et al., 2017). The Food and Agriculture Organization of the United Nations estimates that 25% of the world's agricultural lands are highly degraded (FAO, 2011). Degraded soil resources are increasingly recognized as reducing the capacity of agricultural systems to respond to climate change; and further, improving soil health is a “multi win” approach to generate many valuable social and environmental co-benefits in addition to reducing climate risks (Webb et al., 2017).

Soil health is broadly recognized as the capacity of a soil to function as a vital living ecosystem that sustains plants, animals, and humans (USDA-NRCS, 2020a) although different definitions and conceptualizations of soil health exist, and are evolving (Karlen et al., 2017). Agricultural practices that promote soil health emphasize principles of reduced soil disturbance, increased crop diversity, continuous soil cover and living roots, and the integration of livestock. The intent of these principles are to promote soil health by preventing erosion, increasing soil organic matter, and supporting more resilient agricultural production systems over time. Examples of some common soil health practices include cover cropping, using organic amendments, reducing tillage, and rotating crops (Tully and McAskill, 2020).

As awareness has grown of the many social and ecological benefits associated with implementing soil health building practices, these practices are being promoted by an increasingly diverse chorus of voices. For example, soil health is emerging as an effective natural climate solution (Griscom et al., 2017) that is supported by agribusiness such as Indigo Ag (2020)1, Danone (2020)2, and General Mills (2020)3, federal policymakers introducing legislation such as the 2019 Climate Stewardship Act (U.S. Congress, 2019) as well as the 2020 Agriculture Resilience Act (U.S. Congress, 2020), and documents such as the USDA's 2020 Agriculture Innovation Agenda (USDA, 2020), and by soil health proponents. All of these stakeholders focus their support on one or more of the many diverse co-benefits of healthy soils, such as improved water quality (Bodell et al., 2019), food quality and human health (Soil Health Institute, 2018), and reduced flood and drought impacts (Basche, 2017). Increasingly, the concept of improving soil health is at the nexus of conversations focused on reducing negative environmental impacts of agriculture, increasing carbon sequestration, and expanding climate resilience.

While there are no federally supported programs with a singular goal of addressing soil and environmental health on working lands, there are a number of programs that address different aspects of conservation, including land retirement programs such as the Conservation Reserve Program (CRP) and working lands programs such as Environmental Quality Incentives Program (EQIP) and Conservation Stewardship Program (CSP) (CRS, 2019). At the core of these programs, there are more than 300 practice standards that guide conservation planning and implementation by Federal and State agencies (USDA-NRCS, 2020b). The Natural Resources Conservation Service (NRCS) of the U.S. Department of Agriculture is responsible for developing and updating conservation practice standards for working and non-working farmlands, ranchlands, and forests. Each conservation practice standard contains information on why, when, and where a specific practice can be implemented, and sets forth the minimum criteria to be met for the practice to achieve its intended purpose. The standards are also evaluated according to their contribution to different program goals, such as soil or water quality improvement, pesticide use reduction, and more recently, greenhouse gas emission reduction and carbon sequestration (USDA-NRCS, 2020c).

The goal of this research is to explore how recent investments in EQIP have the potential to impact soil and environmental health in U.S. working lands through a practice-based assessment that builds upon multiple pre-existing principles. Specifically, we developed outcomes-based classifications that describe the target and potential outcome of practice implementation in the EQIP conservation program. The first of these classifications is based on the ability of a practice to address the principles of soil health, specifically, reducing disturbance or erosion and increasing plant and/or livestock diversity. The second classification is based on agroecological principles articulated by Gliessman (2014), representing the increased potential of the practice to transition an agroecosystem to ecologically-based management, with a goal of conserving soil, water, energy and biological resources. The third classification was based on adaptive strategy criteria following the framework of Walthall et al. (2013), describing the strategy of a practice to change the ecological structure and function of an agroecosystem in response to change. In aggregate, these classifications represent complimentary frameworks for evaluating the potential of U.S. conservation investments to address the increasing interest and demand for improving soil health as well as the environmental co-benefits soil can provide, such as resource conservation, water quality, protecting and improving rural livelihoods, and enhancing adaptation and resilience to the effects of climate change.

This research focuses on the impact of federal investments in soil health and broader environmental health administered by the USDA-NRCS through EQIP. Historically, a major emphasis of the EQIP program has been on livestock and wildlife related practices, which are meant to receive 55% of overall funding (CRS, 2019; USDA-ERS, 2019). Therefore, we examine the potential for EQIP practices to provide broad co-benefits to soil and environmental health. Specifically in this research, we (1) evaluate all current practices with EQIP through a multidimensional classification system to understand their potential to improve soil and environmental health; (2) quantify the number of federal dollars allocated to these practices between 2009 and 2018. This research critically evaluates how conservation dollars are being spent with respect to soil and environmental health. It is our aim that this and subsequent research can help inform future investment in those practices that provide the broadest benefits.



METHODS


EQIP Program Data Selection

Our analysis focused on EQIP for several reasons: First, EQIP is one of the major U.S. public conservation programs administered on private managed lands, and county-level data by conservation practice from the Resource Economics and Analysis Division of the NRCS were readily available. This enabled detailed analysis of the number of acres and dollars allocated to practices that improve soil health and broader environmental health within EQIP. Second, the data on individual and specific conservation practices at the county-level are not available for other conservation programs such as the Conservation Stewardship Program (CSP) or the Conservation Reserve Program (CRP). Finally, we focus on EQIP investments because the number of acres enrolled in EQIP practices that are estimated to improve soil health are several times larger than CRP (USDA-NRCS, 2020d).



Data Acquisition

Data for all EQIP practices from 2009 to 2018 was acquired by public request from the Strategic Information Team in the Resource Economics and Analysis Division of the Natural Resources Conservation Service (USDA-NRCS, 2020f). County-level data were provided for acreage and dollars from years 2009 to 2018 on all available 304 approved conservation practices across all states.



Conservation Practice Outcomes-Based Classifications

Practice standard information was obtained from the USDA-NRCS National Conservation Practice Standards catalog to assist in categorizing each practice according to the multi-dimensional outcomes-based classification criteria (described below). This catalog is available online, and describes technical information for the various approved conservation practices (USDA-NRCS, 2020b). State and local NRCS offices select conservation practices from these standards to develop conservation programs that are better suited to local needs. The practice standards are the basic organizing tool for agricultural conservation in the U.S. and are widely used in agricultural conservation program development, planning, and assessment at the local-, state-, and national-level.

We categorized the conservation practices according to criteria specific to each of the following classifications (Figure 1):

1. Practices were categorized by type of practice, indicating the primary asset or land use targeted by the practice, including the following categories (Figure 1A): (1) data monitoring, collection and evaluation; (2) a physical structure or facility or an equipment-related practice; (3) edge of field or boundary practice occurring on the perimeter of a managed land; (4) in-situ practice occurring directly in the managed land; and (5) plan or management description. Facilities included such practices as waste storage facility, compost facility, and sediment basin. Edge-of-field or boundary practices could include ditches or diversions that require soil movement and are utilized on the edge of an agricultural or pasture area. In-situ practices include tillage, cover cropping, alley cropping, etc. that occur within the field or pasture. For our classification system, wetland related practices (creation or restoration, for example) were included in the in-situ category as they are often located on previously cultivated fields, pastures, or forested areas, and therefore represent active management decisions where farmable land is taken out of production in order to optimize use.

2. Practices were then categorized by their soil health outcome on two axes describing whether or not the practice has the potential to reduce erosion and soil disturbance and/or increase agrobiodiversity (plants and/or livestock). In general, this classification was created to incorporate the widely accepted soil health principles from the NRCS (USDA-NRCS, 2020a). We created a matrix of four quadrants and a binary scheme (yes or no) for the two categories: reducing disturbance or erosion (x axis) and increasing agrobiodiversity (y axis) (Figure 1B). Quadrant 1 represented practices that would not reduce disturbance or erosion nor increase plant or livestock diversity. Quadrant 2 represented practices with the potential to reduce disturbance or erosion but not increase plant or livestock diversity. Quadrant 3 represented practices that would not reduce disturbance or erosion, but with the potential to increase plant or livestock diversity. Quadrant 4 represented practices with the potential to both reduce disturbance or erosion and to increase plant or livestock diversity.


[image: Figure 1]
FIGURE 1. Representations of practices and the various categories included in this analysis. USDA NRCS National Conservation Practice Standards code numbers are included below in parenthesis and can be found at the Standards Catalog Website (USDA-NRCS, 2020b). (A) illustrates the categories within the “type” classification, including: boundary practices, represented by Windbreak/Shelterbelt Establishment (380); managed lands, represented by Cover Crop (340); facility or structure, represented by Waste Storage Facility (313); monitoring, represented by Groundwater Testing (355); and conservation plan, represented by IPM Herbicide Resistance Weed Conservation Plan - Written (154). (B) illustrates the categories within the “soil health outcome” classification, including: Quadrant 1, no change or improvement to soil health, represented by Nutrient Management (590); Quadrant 2, reducing soil disturbance or erosion, represented by Residue and Tillage Management, No-Till (329); Quadrant 3, increasing agrobiodiversity, represented by Prescribed Burning (338); and Quadrant 4, both reducing soil disturbance or erosion and increasing agrobiodiversity, represented by Silvopasture (381). (C) illustrates the categories within the transition to ecologically-based management classification, including: Level 1, increasing efficiency, represented by Irrigation Water Management (449); Level 2, input substitution, represented by Mulching (484); and Level 3, system redesign, represented by Alley Cropping (311). (D) illustrates the categories within the adaptive strategy classification, including: Resistance strategies, represented by Drainage Water Management (554); Resilience strategies, represented by Prescribed Grazing (528); and Transformation strategies, represented by Multi-story Cropping (379).


Each practice was categorized based on the purpose of the practice as described in the practice standard. Specifically, we focused on those descriptions which were clearly relevant to reducing erosion or enhancing agrobiodiversity. We also considered the conservation practice's physical effects (CPPE) score (USDA-NRCS, 2020c). This is a score created by NRCS on a −5 (detrimental effects) to +5 (positive effects) scale, representing the potential of a practice to either increase or decrease particular environmental effects. We only considered scores for soil erosion impacts (e.g., sheet and rill, wind, ephemeral gully, classic gully) and used the CPPE scores as a guideline to support the final determination of the practice's efficacy in improving soil health. We determine that a practice would not change disturbance or erosion if the score was =<2 and it would reduce disturbance and erosion if the score => 3. We found that a few practices had the potential to degrade rather than improve soil health and created a category of “negative” to note practices where this was likely to occur.

To validate the soil health outcome classification, we used the categorization of all the practices listed to improve “soil quality” in the 2019 Soil and Water Resources Conservation Act (RCA) report (USDA-NRCS, 2020d) to ensure that these practices were similarly coded as having an effect on soil health. In summary, for this classification we used three sources: expert knowledge, the CPPE scores, and the 2019 RCA report.

3. Practices were also categorized based on their representation of a transition to ecologically-based management, using the principles of agroecology as defined in Gliessman's (2014) framework. This framework describes a continuum of practices in a transition or conversion to more ecologically-based management, illustrated by their emphasis on principles such as reestablishing “the biological relationships that can occur naturally on the farm instead of reducing and simplifying them” and emphasizing “conservation of soil, water, energy and biological resources” (Gliessman, 2014). Three category levels (i.e., levels of agroecology) were included in this classification: Level 1 refers to practices that are primarily focused on improving efficiency of inputs (i.e., irrigation system improvements, reductions in energy use, waste management), where practice descriptions often included the language “efficiency”; Level 2 refers to practices that are primarily focused on substitution of inputs that are generally understood to be less harmful (i.e., substitute inorganic fertilizer for compost); Level 3 refers to practices that are primarily focused on systemic redesign at the farm-level (i.e., increase agrobiodiversity through hedgerows, intercropping, integrating crops and livestock) (Figure 1C). The ecologically-based management framework and classification levels was used to evaluate investment in sustainable agriculture research by the United States Department of Agriculture (USDA) Research, Extension & Economics (REE) Mission Area (DeLonge et al., 2016).

4. Finally, we categorized practices using adaptive strategy principles, which consider management strategies along a continuum of change to the ecological structure and function of the agroecosystem (Walthall et al., 2013). Resistance strategies require the least change in agroecosystem form and function and are typically reactive interventions that target specific threats with technological tools, for example the addition of irrigation in areas experiencing more frequent and intense drought or increased use of pesticides in an area experiencing higher pest pressures. Financial tools such as subsidized insurance and disaster relief are also included in Resistance strategies. Resilience strategies change the form and function of the agroecosystem in order to buffer the effects of disturbances and support a rapid return to a healthy condition after a disturbance, with no or minimal management intervention. Resilience strategies are typically proactive interventions that increase the functional and response diversity of the agroecosystem and reduce risks associated with multiple threats. For example, the adoption of soil health practices like cover crops and more diversified crop rotations buffer the effects of more variable rainfall, spread production risk across a variety of crops, reduce year-to-year yield variability, and can enhance profitability (Walthall et al., 2013). Transformation strategies facilitate the transition to a new agroecosystem with substantially different structure and function better suited to sustained production under current or projected conditions. Transformation strategies are typically proactive interventions designed to better position the agroecosystem to sustain production over the long term and reduce risks associated with multiple threats. These strategies also tend to produce multiple benefits to the producer and the local community (Figure 1D). For example, transitioning a conventional row crop operation in a floodplain to a managed grazing operation reduces the risk of flood damage to the operation, enhances regional water quality, and can also reduce the risk of downstream flooding (Basche, 2017). This resistance-resilience-transformation framework was recommended for use in an ecosystem-based approach to agricultural adaptation (Easterling, 2009). It has been applied to climate risk management planning in U.S. National Forests (Spies et al., 2010; USDA Forest Service, 2010) and the National Fish, Wildlife, and Plants Climate Adaptation Strategy (NFWPCAP, 2012), and is used to categorize adaptation options in the USDA Climate Hub's Adaptation Workbook (Janowiak et al., 2016).

Where information was limited or not applicable we categorized practices as the following: (1) None: no info was available on the NRCS practice website and the practice name did not provide enough context to categorize; (2) NEI: not enough information from available resources to categorize the practice for a given classification; (3) NA: information was available to suggest that the practice was not applicable to a particular aspect/classification system.

While we recognize how critical the context is under which a practice is implemented, we considered the most optimal potential environmental outcomes, from a soil health, transition to ecologically-based management, and adaptive capacity perspective could occur from in-situ practices occurring directly on managed lands and that fit our highest ranking categories for each classifications (Soil health outcome Quadrant 4; Transition to ecologically-based management Level 3; Adaptive strategy Transformation). The implementation of multiple evaluative frameworks allows us to identify those practices that are most likely to provide numerous co-benefits to soil and the environment health.

A complete version of the classification system and dollars associated with practice codes are available in Supplementary Table 1.



Categorization of Practices

Based on the expertise of the research team, which was composed of agronomists, soil scientists, ecologists, and social scientists, three team members were selected to lead the classification of the 304 EQIP conservation practices using a coding system that was developed (see full list in section Conservation Practice Outcomes-Based Classifications).

First, ~50% of practices were categorized independently by three team members. Intercoder agreement was evaluated by comparing the results from the three independent coders. Discrepancies were discussed in detail among the coders and the team. As needed, discrepancies were resolved using appropriate team expertise on USDA-NRCS practice planning and implementation. All practices were then coded two additional times among the experts to ensure consistency of categories among the different outcomes-based classifications.

Of the 304 practices examined, many could not be categorized according to all of the classifications. The full list included 88 “interim” practices, defined as those that are undergoing a 3-year trial period (USDA-NRCS, 2007). Based on the time lag of the introduction of these practices, some were duplicative and others no longer have description information available in the online catalog. We were unable to classify these practices because practice standards were not available in the catalog. Further, we found in our preliminary analysis that the interim practices comprised <1% of total funding distributed in the last 5 years, so we decided not to seek the additional information required to classify interim practices in this analysis. Further, detailed standards information was not available for 36 additional practices on the national list provided to us. However, we categorized some of these practices for “type” without more detailed descriptions, because the title of the practice made classification possible. For example, we could categorize some practices if the title included, “plan” or “monitor.” As a result, a total of 203 total practices were categorized in the type classification. Following the classification of practice “type,” there remained 180 practices that contained descriptions and were coded for the three remaining classifications.



EQIP Program Analysis

Based on the above classifications and the EQIP data procured via public records request, we determined the distribution of EQIP practices within each classification criteria for their potential to improve soil health, transition to ecologically-based management, and expand adaptive strategy. We also calculated the acres and dollars allocated to different practices at a county-level over the 10 year period of 2009 to 2018. The data provided included a column for contract status. We only included “partial certified” and “certified” status contracts because other categories did not have any dollars or acres associated with them. We worked with data based on the “contract year” which would be when the practice payout occurred rather than when the contract was initiated. Data analysis was completed using the R software platform (R Core Team, 2020) as well as ArcGIS (ESRI, 2010) and is summarized as percentages and totals.




RESULTS


EQIP Spending Overview From 2009 to 2018

The U.S. Department of Agriculture's budget for 2018 was estimated to be $144 billion dollars, with conservation programs administered through the most recent Farm Bill to be ~$6.7 billion (CRS, 2018; USDA, 2019). EQIP is estimated to invest nearly $2 billion annually in structural, vegetative and management practices on eligible lands (USDA-NRCS 2020d; CRS 2019) (Figure 2). From this annual investment, between 2009 and 2018, it is estimated that ~$9 billion dollars went specifically to financial assistance supporting practices (USDA-NRCS, 2020d), after subtracting dollars allocated to reimbursables and technical assistance. The contract data provided for the years of 2009–2018 totaled $6.95 billion, which represents ~76% of the total dollars spent for financial assistance in EQIP over this time period. We understand that the data provided to us represents actual dollars spent on practice contracts, whereas other reporting (i.e., USDA-NRCS, 2020d) notes total allocated dollars over a period of time that may not yet have been spent (NRCS Data Team, personal communication).


[image: Figure 2]
FIGURE 2. Summary of funding dollars analyzed in this research. We found that investments in conservation practices that improve soil health, transition to ecologically-based management and expand adaptive strategy within EQIP comprise between 13 and 122 million dollars, which represents less than one-tenth of 1% of the U.S. Department of Agriculture's annual budget which was 144 billion in 2018 (USDA, 2019).


We first analyzed the database to determine which practices received the most funding overall during this 10 year period. The ten practices receiving the greatest amount of EQIP dollars from 2009 to 2018 comprised ~46% of total spending, and the majority were not in-situ practices occurring on managed lands (Supplementary Table 1); six of the top ten were categorized as facility (Sprinkler System, Waste Storage Facility, Fence, Irrigation System, Irrigation Pipeline, Livestock Pipeline), three were categorized as in-situ practices occurring on managed lands (Cover Crop, Brush Management, Forage and Biomass Planting) and one was categorized as a boundary practice (Heavy Use Area Protection). Only two of the top ten funded practices met our criteria for the top category in any of our classification systems: cover crops and forage and biomass planting (soil health outcome Quadrant 4 and transition to ecologically-based management Level 3). Over this time period, cover crops received ~$407 million (6% of the total dollars analyzed) and forage and biomass planting received ~$182 million (4% of total dollars analyzed).



EQIP Funding Primarily Focused on Structural, Efficiency and Non-transformative Practices

In order to understand the potential for EQIP practices to enhance environmental health, specifically to improve soil health, transition to ecologically-based management and expand adaptive strategy, we calculated the dollars allocated to the different categories (Tables 1, 2). Beginning with the type of practice, we found that the largest percent of EQIP dollars were dedicated to the facility category (51%). In-situ practices occurring on managed lands comprised 39% of funding while boundary practices comprised 8%. Practices representing plans and/or monitoring systems represented a much smaller percentage of funding, at 2 and >1%, respectively (Table 1).


Table 1. Dollars allocated to practices that fell within different categories in the classification of type of practice, describing its targeted land use.

[image: Table 1]


Table 2. Dollars allocated to practices that within each of the different classifications and categories included in our analysis.

[image: Table 2]

The soil health outcome classification was created to merge the five widely accepted principles of soil health into four quadrants form an x and y axis based on the practice's potential to reduce soil disturbance or minimizing erosion or increase agrobiodiversity (non-crop plants, crops, and livestock) (Figure 1B). We found that 9% of funding was allocated to practices representing no changes to soil health, or no reductions in soil disturbance, reducing erosion or increasing agrobiodiversity (Quadrant 1) (Table 2). We found that 16% of funding either minimized soil disturbance, reduced erosion, or increased biodiversity (Quadrants 2 or 3). Further, 22% of funding went to practices that achieved both goals (Quadrant 4). A small percent of funding went to practices that did not contain enough information to be classified or were determined to have a negative impact on soil health (3 and 2%, respectively). There were four practices that we felt could be categorized as having a negative impact on soil health and included irrigation land leveling, land smoothing, land clearing and grazing land mechanical treatment. We found that about half, or 49% funding in the program, were not directly applicable to any of the soil health outcomes in this classification system.

In terms of the various practices representing a transition to ecologically-based management, we found that 50% of funding went to the Level 1 category, representing practices that are aimed toward efficiency improvements (Table 2). We found that 4% of funding went to practices that could be classified as Level 2 (e.g., input substitution) and 23% were classified as Level 3 (e.g., system redesign). The remaining funding (23%) went to practices that either did not contain enough information to code in this classification, or were not applicable.

The adaptive strategy framework classifies practices according to successively greater change in the form and function of an agroecosystem in order to increase adaptive capacity (Walthall et al., 2013). The majority of funding went to practices in the Resistance category (77%) or those that avoid altering the existing structure and function of the production system, while 20% of funding went to practices classified under the Resilience class category (e.g., moderate adjustments to the structure and function of the existing production system to enhance functional and response diversity) (Table 2). We found that ~2% of funding went to practices categorized as Transformation (e.g., major changes to the structure and function of the existing production system to enhance functional and response diversity) and another 2% did not contain enough information to categorize in this classification.

Investment in practices with the greatest potential to improve soil health outcomes (Quadrant 4, minimizing erosion and disturbance, maximizing biodiversity) and representing a transition to ecologically-based management (Level 3, system redesign) have fluctuated between ~17–27% of total spending from 2009 to 2018 (Figure 3). In general, these practices increased from 2008 to 2010, decreased in 2011 and then increased again until 2016; however they have declined in the most recent years. Investment in the most optimal adaptive strategy practices (Transformation) have increased slightly over the last 10 years, but were never more than ~3% of EQIP expenditures analyzed (Figure 3). The recent decline in Level 3 and Quadrant 4 funding may be partially explained by an increase in funding for the Conservation Stewardship Program (USDA-NRCS, 2020e), and potentially reflect farmer enrollment in different conservation programs.
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FIGURE 3. Annual percent of total EQIP conservation practice investments from 2009 to 2018 dedicated to practices that were categorized as having the greatest potential to improve soil health (green), transition to ecologically-based management (orange), and expand adaptive strategy that were also executed in-situ on managed lands (purple). Total investments analyzed annually represented between $503 million (2018) up to $792 million (2013) (Supplementary Table 2). Over this time period, Level 3 investments ranged from 19 to 26%, Quadrant 4 investments ranged from 18 to 24%, and Transformation investments ranged from 1 to 3% (Supplementary Table 2).


Our analysis suggests that practices with the most potential to improve soil health, transition to ecologically-based management, and expand adaptive strategy executed in-situ on managed lands received ~2–27% of EQIP funding, depending on the year (Figure 3). In fiscal year 2018, the total dollars spent on these practices was $13 million (Transformation), $110 million (Quadrant 4), and $121 million (Level 3), which represents at most 0.08% of the total $144 billion USDA annual budget (Figure 2).



Classification Systems Identify Overlapping, Complex Practices With the Largest Potential for Improving Environmental Health

Through our multi-dimensional classification system, we found a total of nine practices that fit categories with the greatest potential to improve environmental health (soil health outcome Quadrant 4, minimizing soil disturbance or erosion and increasing agrobiodiversity and; transition to ecologically based management, Level 3; Adaptive strategy Transformation) that were also executed in-situ on managed lands (Figure 4). These represent diversified crop, livestock, and forestry management including silvopasture and other agroforestry practices, wetland creation and restoration, and wildlife habitat management. The overlap of certain practices in all top categories demonstrate that our classification systems valued ecologically-complex practices that enhance biological diversification.
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FIGURE 4. Total invested dollars in the EQIP program from 2009 to 2018 in the classifications and categories having the greatest potential to improve soil health (green), transition to ecologically-based management (orange), and expand adaptive strategy (purple) that were also executed in-situ on managed lands. Overlapping practices meeting multiple top categories and invested dollars are identified in the Venn diagram. Our analysis identified nine overlapping in-situ practices on managed lands in the top categories for our classifications.


There was particularly high overlap in practices executed in-situ that were also categorized as both soil health outcome Quadrant 4 and transition to ecologically-based management Level 3, where 28 of the 29 and 30 practices were the same, respectively (Figure 4). Some of the practices that comprised the largest percentages of funding within both of those categories included cover crops, forage and biomass planting, forest stand improvement, prescribed grazing, and watering facility (Table 3). For practices categorized as Transformation, funding was dominated by tree/shrub establishment (in-situ) with a lesser amount dedicated to windbreak/shelterbelt establishment (boundary practice). A full list of practices, associated classifications, and total funding levels for the last 10 years can be found in Supplementary Table 1.


Table 3. Practices that comprised 70–90% of funding dollars analyzed in the EQIP program from 2009 to 2018 within the categories considered in our analysis to have the greatest potential to improve environmental health.
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Top Practices Are Clustered Geographically

We evaluated the distribution of EQIP funds geographically to understand if there were regions where a greater percentage of the program dollars were dedicated to the most optimal practices (Figure 5). Regions with a greater percent of support for most optimal practices in soil health outcomes and ecological intensification were similar; we found regional clusters of high percentages (>40%) in the eastern Corn Belt, Northern and Southern Great Plains, as well as parts of the mid-Atlantic, Gulf Coast, Pacific Northwest, Alaska and Puerto Rico. In general, we found lower percentages (0–20%) of funding allocated for these practices in the Mid-Atlantic and Mountain West regions. In contrast, optimal transformation practices were funded at lower levels (0–20%) in West coast states, the Northeast, Great Lakes, Gulf Coast, Great Plains and Mountain West as well as Alaska, Hawaii and Puerto. In only a few scattered locations across the US did funding levels for these practices reach >40%.
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FIGURE 5. Choropleth maps representing the percentage of total EQIP investments from 2009 to 2018 dedicated to practices that were categorized as having the greatest potential to improve soil health, transition to ecologically-based management, and expand adaptive strategy that were also executed in-situ on managed lands. (A) depicts the percent of total EQIP investments dedicated to Level 3, (B) depicts the percent of total EQIP investments dedicated to Quadrant 4, and (C) depicts the percent of total EQIP investments dedicated to Transformation practices.




Cover Crops Dominate Acreage for Conservation Spending on Optimal Practices

We investigated how EQIP acreage had shifted over the last 10 years for select practices that we considered to have the largest potential to improve environmental health. We focused on cover crops, forage and biomass planting and tree/shrub establishment which represented large percentages of investments across categories in our classification systems (section Classification Systems Identify Overlapping, Complex Practices With the Largest Potential for Improving Environmental Health) and were practices that were also consistently reported in acres. From 2009 to 2018 we analyzed funding representing ~92.6 million acres of cropland (Table 1). Cover crops represented the largest number of acres of these three practices, then forage and biomass planting followed by tree/shrub establishment (Figure 6). Cover crop acreage supported by EQIP reached a maximum of ~1.8 million acres in 2016; both forage and biomass planting and tree/shrub establishment were consistently under 250,000 acres combined. For context, there are ~320 million harvested cropland acres in the U.S. (USDA-NASS, 2020). Although limited data exists to track national use of conservation practices, the 2017 Census of Agriculture estimated that there were ~15 million acres of cover crops on U.S. cropland (USDA-NASS, 2020); by these estimates EQIP cover crop contracts would represent ~10% of all cover crops utilized nationally.
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FIGURE 6. EQIP acreage dedicated to cover crops (green; 340), forage and biomass planting (orange; 512), and tree/shrub establishment (purple; 612) from 2009 to 2018. We focused on these practices because they represented larger percentages of investments dedicated to top categories in our classification system (section Classification Systems Identify Overlapping, Complex Practices With the Largest Potential for Improving Environmental Health, Table 3) and were consistently reported in acres.





DISCUSSION


Reprioritizing Conservation Investments to Generate Greater Soil and Environmental Health

In this research, we utilized a multi-dimensional classification system to evaluate conservation practices for their potential to improve soil health, transition to ecologically-based management, and expand adaptive capacity. Given increasing interest and public investments being dedicated to soil health and related environmental and social outcomes, we argue that there is a need to consider multiple criteria that can address potential co-benefits and scale of outcomes of such investments. Evaluating these practices through different classifications sheds light on those practices are most likely to provide a suite of environmental benefits. The growing interest in improving soil health recognizes these links as an opportunity to also improve environmental health by increasing water quality, enhance wildlife habitat, reduce greenhouse gas emissions, increase resilience to climate change, and sequester carbon (Griscom et al., 2017; Harrigan and Charney, 2019; Zimnicki et al., 2020).

Using different classifications to evaluate the practices allowed us to identify those with the highest potential to generate co-benefits. In our analysis, we found that these represent less than one-third of EQIP dollars on an annual basis, and overall a small fraction of USDA dollars allocated annually over the last decade. This is similar to a recent USDA-NRCS report which categorized ~25% of acres enrolled in EQIP as “soil health practices” (USDA-NRCS, 2020d). We suggest that policymakers prioritize funding and outreach efforts to promote this set of optimal practices where applicable in order to increase return on public investment in conservation incentives. This finding echoes a recent Governmental Accountability Office (GAO) report indicating that EQIP could be better optimized to produce environmental outcomes (GAO, 2017). Specifically the GAO (2017) recommends that the USDA “modify guidance and ranking tools so that they more accurately value an EQIP application's anticipated environmental benefits relative to estimated costs.” Our evaluation addresses this explicit recommendation, and by doing so identifies a few dozen practices (Supplementary Table 1) that could be promoted for their ability to generate a diversity of environmental and social benefits on managed lands, including enhancement of soil health, transitioning to more ecologically-based management and enhancing the adaptive capacity of agroecosystems.

This multi-dimensional classification system could be useful to the assessment of other existing agricultural conservation programs and could also inform strategic implementation of new public and private conservation initiatives. These frameworks can contribute to more informed discussions about the intent and effect of conservation investments. Future iterations of this approach could be applied to other conservation programs, such as CRP and CSP, provided comparable practice implementation data and practice descriptions become available.

We recognize that conservation can be a complicating factor to agronomic management, which is often cited by producers innovating with cover crops as a barrier to their wider use (Roesch-McNally et al., 2018). However, we argue that in most cases, conservation practices may also be viewed as having a positive impact on production. We reject the idea that practices must be an “either or” scenario and that production and profitability benefits do accrue from the outcomes-based practices outlined in this analysis, including examples such as increasing infiltration with more perennially-based agroecosystems (Basche and DeLonge, 2019), converting unprofitable land to an alternative use with perennial crops (Brandes et al., 2016), and improving weed suppression, productivity and yield stability with diverse crop rotations (Davis et al., 2012; Monast et al., 2018; Weisberger et al., 2019; Bowles et al., 2020).



Enhancing the Adaptive Capacity of Agriculture Through Transformational Change

Our analysis suggests that conservation practices that promote soil health by reducing disturbance and increasing biodiversity (Quadrant 4) and that those that fall into the system redesign agroecology level categories (Level 3) are the same practices that promote Transformative adaptation in agriculture in the adaptive strategy classification. The overlapping benefits described in all of the classifications underpin how transformational changes in agriculture can support better management of ongoing and future climate risks. The ability of a farm to respond to challenges or take advantage of opportunities related to climate risk occurs within an operating context consisting of the limits imposed by local ecological, social and economic realities (Walthall et al., 2013; Lengnick, 2014). The multi-dimensional classification system recognizes that expanding this operating context through increasing biodiversity, improving soil health and recoupling biological cycles creates more resilience in changing climate (Kates et al., 2012; Webb et al., 2017). It is important to recognize that productivity gains in agriculture achieved over the last several decades have occurred within a relatively stable climate period that we cannot expect to continue (Hatfield et al., 2014). While much of these productivity gains have been achieved through a focus on incremental improvements that might be described as efficiency or resistance approaches, increasingly, shifting to an emphasis on natural resource conservation, biological diversification and soil health to adapt to climate change is recognized by national and international assessments as a critical adaptation strategy (Janowiak et al., 2016; FAO, 2018; Gowda et al., 2018; HLPE, 2019). This shifting emphasis recognizes that transformative, ecologically-based strategies can improve ecosystem function; for example, improving soil health in order to reestablish biological relationships that occur naturally on the farm rather than simplifying them (such as water and/or nutrient cycling as well as pest management), can lead to increased profitability and productivity (LaCanne and Lundgren, 2018; Rosenzweig et al., 2018a,b). Overall, the practices highlighted recognize the multitude of co-benefits afforded by select conservation programs with opportunity to improve multiple aspects of environmental health.

Our analysis found that conservation investments made through the EQIP program are dominated by practices that promote input efficiencies (Level 1) and resistance strategies (those that increase adaptive capacity without change to structure and function of the existing agroecosystem). Soil health investments were about evenly divided between investments that promote changes in physical (Quadrants 1 or 2) vs. biological aspects of soil health (Quadrants 3 or 4). Considered together, EQIP investments are dominated by practices that promote incremental adaptation and offer limited support for conversion to ecologically-based management, or Transformative adaptations. While incremental adaptation has contributed to the persistence of agricultural production systems over time and through changing environmental and social conditions, and an overemphasis on incremental adaptation can promote maladaptation (Kates et al., 2012; Janowiak et al., 2016) and lead into an adaptation trap (Walthall et al., 2013).

There were differences in how cover crops were classified amongst our top categories, which impacted the range of results given that cover crops are one of the top ten EQIP funded practices. Although Gliessman (2014) considers cover crops a Level 2 practice, in our expertise, we see that many innovative cover crop producers are utilizing the practice as an approach to diversify farms and reduce reliance on inputs, which we believe represents the description more of a Level 3 than Level 2 practice. In fact, innovative producers often describe their management system with cover crops as a “whole-system” (Basche and Roesch-McNally, 2017). We did not, however, believe that cover crops represent a Transformation practice where they fundamentally alter the structure and function of an agroecosystem.



Limitations of the Framework and Available Data

There were a few limitations to our analysis and ability to categorize practices, including the context under which practices are implemented as well as availability of detailed practice information. As a research team, we recognized that context is critical for making many important determinations of the impact of agricultural management including conservation. Where possible, we did our best to assume the most positive possible outcome of a practice and inferred context from the information available in the USDA-NRCS conservation practice descriptions. That is, some practices may indirectly impact soil health, but could be combined with other practices (“stacked”) to provide a direct impact on soil health especially if implemented in a particular way (Tully and McAskill, 2020). For example, a fence alone does not directly impact soil health, but when used in combination with rotational grazing, could improve soil health outcomes. As we evaluated each practice individually, we did not have information of additional context for how it was implemented or combined with other practices. Future efforts could include looking more strategically at USDA-NRCS conservation plans or contract data, as they offer insights on how conservation practices evolve and are stacked when implemented on the farm. We recognize that it is critical to consider how practices might be utilized together or stacked to provide environmental benefits both on- and off-farm, however it is difficult to impossible to acquire comprehensive conservation practice data at a national scale. This would better match how producers implement and evolve conservation practices on their operations. Furthermore, quantifying the benefits from stacking practices at different scales will help improve soil health more holistically. As a result, we recognize that our estimates of dollars spent to achieve particular outcomes are not all encompassing and do not include as explicit a focus on some of the environmental co-benefits (reducing greenhouse gas emissions from agriculture, for example).

We do not discount the value of certain ex-situ (practices not conducted directly on the managed land) efforts that could positively address soil health (e.g., a conservation plan designed to address soil health resource concerns). However, the goal of this analysis was to focus on investments with the most direct and greatest potential to improve environmental health, and therefore would argue that ex-situ practices have an indirect rather than direct impact.

Finally, during the process of this work we found that many practice descriptions were simply unavailable or did not contain enough information to be able to classify into all of our categories. We could not find comprehensive information online for the interim practices (88 practices), and there were another 36 practices that were listed in our public data request but descriptions were not available. Although, we did consult state standards documents that were provided to us to see if information on practices was available there rather than the national catalog. However, we ultimately decided that if practice descriptions were not available through the National Standards catalog, we would not include them in the analysis, in order to create an analysis that was more national in scope. Our understanding is that the National Standards catalog is updated annually, and we would encourage comprehensive, publicly-available information continue to be made available about practices within the conservation programs.



Future Research and Conservation Program Implementation

Future research could utilize this framework in combination with a “hotspot” analysis to detect if specific conservation practices are geographically clustered or co-located. Such spatial analyses could further determine if practices are “stacked” and provide more context for soil and environmental health outcomes, as well as understanding of facilitators of wider practice use. Interest in implementing climate solutions has increased at a federal level and recent reports and legislation such as the 2020 Senate Climate Crisis Report, the Senate's Growing Climate Solutions Act of 2020, the 2020 House of Representatives Agriculture Resilience Act highlight a critical need for policy-makers to identify practices that offer climate change mitigation and adaptation co-benefits. Our framework, which includes classifications for soil health, environmental health and resilience, could be implemented to identify practices with co-benefits to support future program development. Further, the framework could be used at a state- or even international-level for evaluating conservation programs. For example, states such as Maryland, which have a recent history with implementing large conservation programs to address resource concerns, could utilize such a framework to identify those practices most effective at meeting program goals. Overall, this framework has potential to serve as a useful tool for new development of policies, and could further be utilized to shift or reprioritize current programs. This framework offers researchers and policy-makers a useful new tool to re-evaluate the long-standing emphasis in U.S. agriculture on technological risk management strategies to develop policies and programs designed to capture the benefits of ecosystem-based solutions that afford climate resilience to farms, communities and the planet.




CONCLUSIONS

There is a need to critically evaluate how conservation dollars are being spent, particularly with the potential of increased investments in the future given expanded interest in negating environmental impacts from agriculture. We used a multi-dimensional classification system to evaluate the potential for conservation practices and funding within EQIP to improve soil health, transition to ecologically-based management, and expand adaptive strategy. From 2009 to 2018, we found that there was limited investment in those practices that have the greatest potential to improve these aspects of environmental health, representing ~2–27% of the program's expenditures, or less than one-tenth of 1% of USDA's annual budget ($13–121 million out of $144 billion in 2018). This multi-dimensional approach allowed us to determine where classifications converged and identify those practices that have the potential to achieve multiple improvements in soil and environmental health, including ~28 practices fulfilling multiple of our top criteria and nine practices that fulfilled all of them. These practices represent diversified crop, livestock, and forestry management including silvopasture and other agroforestry practices, wetland creation and restoration, and wildlife habitat management. The potential of these diversified, complex practices to improve multiple aspects of environmental health underscores the need for investments to prioritize transformational changes in agriculture to better support management of ongoing and future climate risks. This analysis provides evidence that there is tremendous untapped potential for conservation programs to confer greater environmental health in U.S. agriculture. This framework could provide a model for how new policies are designed and possibly in shifting or reprioritizing how current programs are implemented.
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in-situ practice
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code
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612
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644

857
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#of practice
codes

216
40

43

12

Italics and starred rows (") represent the total dollars that fell within the larger categories. Practice code numbers come from the NRCS Conservation Practice Standards catalog. A full

list of practices, total doliars allocated, and categorizations used in this analysis can be found in Supplementary Table 1.
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A full list of practices, total dollars allocated, and categorizations used in this analysis can be found in the Supplementary Material.
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3,306,748
293,122

# of practice codes

216
33
76
68

24
13

# of contracts

1,306,410
144,548
404,616
688,529

753
66,226
2,738





OPS/images/fsufs-04-547876-t002.jpg
Outcome classification

Soil health outcome

Transition to ecologically-based
management

Adaptive strategy

Category

Overall

No change to soil health
(Quadrant 1)

Reduced disturbance or
erosion (Quadrant 2)
Increased biodveristy
(Quadrant 3)

Reduced disturbance or
erosion and increased
biodiversity (Quadrant 4)

Negative impact
Not enough information

No information

Not applicable to category
Improved eficiency (Level 1)
Input substitution (Level 2)
System redesign (Level 3)
Not enough information

No information

Not applicable to category
Resistance

Resiience

Transformation

No information

Total payments
2009-2018 ($9)
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A full list of practices, total dollars allocated, and categorizations used in this analysis can be found in the Supplementary Material.
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