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EXECUTIVE SUMMARY
This Red River Basin, Stewardship Pilot Program (SPP) represents a unique effort to explore,
develop, test and evaluate a farmer-lead method to define and characterize “stewardship”
through the lens of farm economics. Methods to quantify stewardship quality will inform the
consumer and the American farmer who face many challenges, including those driven by
environmental policy and increasing focus on agriculture’s influence on the nation’s water
quality and quantity.
International Water Institute (IWI) (https://iwinst.org/) began the SPP early in 2019 after
receiving a sustainability grant from The Mosaic Company (http://www.mosaicco.com/). IWI
engaged ten farmers from the US portion of the Red River Basin (ND and MN). Each farmer
enrolled 2 fields (20 total) in the SPP.
IWI convened group and one-on-one meetings between the farmers and the technical team to
gather current and historic (5 year) field information (e.g. profitability/economics, agronomics,
and crop rotation) and explore different operational scenarios. A report was provided to each
farmer describing the stewardship metrics along with the stewardship rating for their current
field and two different operational scenarios.
The SPP demonstrated methods to develop a technically feasible stewardship rating system for
20 field that reflects soil mobilization rates, soil and water retention within the field, and
environmental risk (sediment and phosphorous load) to downstream water resources. The SPP
resulted in







A definition of “stewardship” which reflects the relationship between farm operational
decisions and surface water runoff quality and quantity;
A “field stewardship rating”;
Demonstrating relationships between net field profit and the field stewardship rating;
Products valuable to on farm operational decisions;
Methods to characterize soil health in areas having naturally occurring high levels of
organic matter; and
An approach for scaling the SPP to larger geographic areas.

Results showed a possible positive relationship between increasing field profitability and the
field stewardship rating; however, more analysis is needed to confirm metric relationships by
optimizing net profit and the field stewardship rating for each field. The SPP established the
current soil health for each field and indicated the field stewardship rating is correlated to
changes in surface water loads indicating potential for use in quickly assessing whether changes
in agricultural operations within a watershed can help achieve state or local water quality goals.
We conclude the field stewardship rating method described can inform a farmer’s operational
decisions. The method described will be fully actionable when a process is in place to work
with the farmer to optimize profit, while concurrently understanding the change in the field
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stewardship rating. Appling this stewardship rating method to larger geographic areas requires
more work with farmers to:







Optimize the relationship between the field stewardship rating and profit;
Confirm that increase in profit is sufficient incentive to make operational changes;
Explore the monetary value of the field stewardship rating beyond the farmer;
Reduce the amount of time to collect farmer data and create the SPP products;
Understand changes in soil health and its relationship with profit and the field
stewardship rating; and
Demonstrate the relationship between farm profitability and achieving the desired
environmental outcomes.
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INTRODUCTION
SPP illustrates a conceptual framework for development and application of a field stewardship
rating, based on quantitative data. The field stewardship rating reflects the farmer’s actions on
the soil mobilization rate, soil retention within the field, water retention within the field and
environmental risk (sediment and phosphorus loads leaving the field) to downstream water
resources. The field stewardship rating is a single score for a field from poorest (value = 0) to
best (value = 10). We developed the field stewardship rating primarily for corn, soybean, and
small grain rotations. The field stewardship rating proved to be predictive and robust. However,
additional work is needed to improve the field stewardship rating prior to broader geographic
use. In some cases additional basic research is needed to improve the field stewardship rating.
This Stewardship Pilot Program (SPP) Final Report is one of several products completed under a
sustainability grant awarded by The Mosaic Company (Mosaic) to the International Water
Institute (IWI). Additional written products created under the grant agreement include
Landowner / Farmer Information Packages and Farmer Reports for the 20 fields (98 – 280 acres)
enrolled in the program (10 participating farmers). This final report presents higher level
information, rather than the technical details and nuances of the technical work.

OBJECTIVES
The SPP represents a unique farmer-lead method to define and characterize stewardship
quality through the lens of farm economics. The SPP focused on developing and applying
methods to better quantify stewardship quality in support of agriculture and the American
farmer who face many challenges, including those driven by environmental policy and an ever
increasing focus on agriculture’s influence on water quality and the amount of water (i.e., water
quantity) leaving their fields. The need is for an approach based on stewardship which can be
scaled to address local, regional and national water quality and quantity issues.
The SPP explored whether surface water quality and quantity (i.e., water resource) issues
within agricultural landscapes can “be solved” by finding ways to increase profit AND positively
affect water resource outcomes through on-farm operational changes and to find new markets
for the monetary value of stewardship.
SPP objectives established jointly with the participating farmers included:


Exploring the relationship between the farm operation, net profit and field stewardship
(water quality, and water quantity);
 Developing methods to communicate this relationship; and
 Determining if the program can be scaled to larger geographic areas as a solution to
water quality and quantity issues.
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Although the need for more work remains, the SPP established a framework to successfully
achieve these objectives.

FARMER PARTICIPATION
The International Water Institute (IWI) (https://iwinst.org/) began the SPP in early 2019 after
receiving a sustainability grant from The Mosaic Company (Mosaic)
(http://www.mosaicco.com/). The IWI assembled of technical team consisting of staff from the
IWI (Charles Fritz, Executive Director; Mark Deutschman, Research Director; Grit May, GIS
Project Manager), Houston Engineering, Inc. (Drew Kessler, Project Manager); Dr. Abbey Wick;
Centrol Ag Consulting (Lee Briese), Connect The Grey (Janie Hanson, President and CEO) and SB
& B Foods (Scott Sinner, Procurement Manager and Robert Sinner, President). The SPP utilized
private data from participating farmers. Completion of the SPP occurred under a nondisclosure agreement executed by the participants.
The farmers and the technical team represent a unique farmer – private corporation – nonprofit – food company partnership focused on addressing sustainability and stewardship
challenges facing American agriculture. Farmers within the region were made aware of the SPP
primarily through the communication efforts of SB & B Foods of Casselton, North Dakota. Ten
farmers from the US portion of the Red River Basin (ND and MN) decided to voluntarily
participate in the SPP and work with the technical team.
The farmers and the technical team formally initiated the SPP with a kick-off meeting in
Casselton, North Dakota on January 29, 2019. Three one-on-one meetings between the farmer
and technical team representatives occurred during the spring, summer and fall of 2019. The
pilot program ended with a debrief meeting between the Mosaic Company, the farmers and
the technical team occurred on March 23, 2020 (update: April, 2020, meeting postponed due to
the COVID 19 pandemic situation. Participating farmers have reviewed this final report).

Reasons for Farmer Participation
Farmers were asked why they participated in the SPP. The reasons varied, but some common
themes emerged including:


Belief that they run a quality operation and have a strong desire to “do a good job”
raising crops, while protecting the soil and land.
 Curiosity about whether the SPP could be used to improve their farm operation both
financially and environmentally.
 Hope that the SPP would result in some means to understand, rate and “brand” their
operation’s environmental quality and perhaps realize a higher commodity price.
 Desire to use the results to evaluate and better understand their environmental and
regulatory risk factors, which could affect their operation in the future.
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Exploring the use of a “good” field stewardship rating for a competitive edge in land
rental.

Farmers also expressed hope that SPP methods and metrics could be used to monetize the
quality of their operational practices to improve environmental outcomes.

Descriptions of Participating Farms
Farm sizes (land owned and rented) ranged from approximately 1,000 acres to many thousand
acres. Tillage methods ranged from no-till to conventional tillage. Most rotations were corn –
soybean, corn – soybean – wheat, and dry edible beans substituted for soybeans. Tillage
methods ranged from conventional fall chisel plow tillage to no-till. Some farmers used cover
crops, typically the no-till farmer. Nitrogen fertilizer management methods ranged from fall
broadcast with incorporation to the use of nitrogen inhibitors and split application. Broadcast
methods were most common for phosphorus fertilizer management. All farmers relied on soil
testing and agronomic advisors to guide the operational decisions. Several operations included
livestock.

SPP COMPONENTS
The SPP is comprised of several components (Appendix A) applied to each field including:


Developing and applying a field stewardship rating based on quantitative data;
 Estimating field profit;
 Soil testing for each field to assess current soil health; and
 Group and one-on-one meetings between the farmers and the technical team.
Participating farmers incurred no cost (but did donate time gathering and providing records) to
participate in the SPP. Farmers were provided a modest meeting participation stipend. Profit
and field stewardship ratings were estimated for the current farm operation and two additional
options for each field. Soil scientists collected soil samples from each field which were
submitted to an accredited laboratory for testing. The test results were used to characterize the
current field soil health.
The farmers received a Farmer / Landowners Information Package and a Farmer Report. The
Farmer / Landowner Information Package consisted of a set of maps describing a field’s location
and position within the watershed, water flow patterns across the field, estimated soil and
nutrient loss rates and loss rate hot spots, and possible locations for structural conservation
practices and their anticipated water quality value. These maps were used in part to identify
and discuss operational challenges within a field and develop the two operational options with
the farmer.
The Farmer Report presented the profitability analysis and field stewardship rating for the
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current operation and the two options to the farmer. Recommendations for improving the field
stewardship rating were also included in the Farmer Report, as well as the soil health results.
Options considered for each field included one or more of the following:






Changes in tillage practices;
Different crop rotations;
The use of cover crops;
Alternative nitrogen and phosphorus fertilizer management methods; and
Use of management and structural conservation practices. The Farmer decided which
combination of factors to be evaluated for each option through discussions with the
technical team.

Farmers also received this SPP Final Report submitted to Mosaic in fulfillment of the grant
agreement.

PROGRAM UNIQUENESS
There are many “sustainable agriculture” efforts (e.g., Field to Market and Minnesota
Agriculture Water Quality Certification). Although the SSP may be perceived by some as similar
to these efforts, it is different in many important ways. The SPP uses quantitative (not
qualitative) indices to describe stewardship quality. A scalable solution must be profitable to
the farmer and ideally throughout the agriculture supply and deliver chain; therefore, our lens
is focused first on profit and then exploring the relationship between stewardship quality and
environmental outcomes. Finding a positive relationship between profit and stewardship
quality (should it exist) may mean less need for government conservation incentives. Farm
operational changes which increase net profit while simultaneously increasing stewardship
quality and affecting water quality and runoff positively.
SPP products (e.g., field maps, stewardship metrics and calculations to determine the final
stewardship rating) establish the foundation for a defensible and transferable decision support
tool to evaluate environmental impacts, regulatory risk, and economic implications resulting
from proposed/suggested changes to current farm operation and management practices.

APPROACH
Field Locations
The fields enrolled in the SPP were located from north and south of Jamestown, North Dakota
east through the Red River Valley to near Hawley, Minnesota. The fields were located in
landscape settings with different slopes, soil types and physical characteristics; i.e., the Missouri
Cousteau, Red River Valley Lake Plain, and Beach Ridge settings (Figure 1). Each farmer enrolled
two fields in the SPP.
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Figure 1. Region within Minnesota and North Dakota with farmers participating in the Stewardship Pilot Program.

Information Collection
The SPP used an interactive and iterative process to gather information, analyze the
information and present the information to the farmer. Several types of data and information
were provided by the participating farmers including:








Last 5-years of crop rotation;
Tillage systems used;
Fertilizer application methods and rates;
Presence / absence of existing conservation measures employed on the field;
Field zone maps;
Agronomic inputs; and
Crop yields.

Confidential data forms were developed by the technical team to ensure consistency in the
information gathered. The completed the forms were reviewed by a technical team member to
ensure a common understanding between the farmer and the technical team. Phone calls and
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one-on-one in person meetings were used to confirm the information and data provided.
The farmer developed the two options to be evaluated for each field with assistance from the
technical team. The options were based on the farmer’s experience, identifying portions of the
field with low yield (and presumably lower profit), persisting operational challenges and
information within the Landowner / Farmer Information Package to identify operational
challenges and conservation opportunities. The options were not developed to represent either
optimum profit or maximum field stewardship rating,
Following the meeting with the farmer to develop the two options for each field, the options
were memorialized in writing and provided to the farmer for review to ensure accuracy.
Revisions to the description for each option were made if needed based on the final farmer
feedback.

Profitability Analysis
Profitability analyses were completed for each of the fields enrolled in the SPP for the most
recent 5-year crop rotation and the two options developed by the farmer. Cost data were
provided by the farmer. Estimates of the annualized life cycles costs for conservation practices
were included as an expense for conservation measures if included in an option. Revenue data
were estimated from yield data provided by the farmer. Some options consisted of moving to a
no-till tillage system from a conventional tillage system. Increases and decreases in yields
consistent with scientific literature were made to reflect the change in tillage system (Daigh et
al. 2018; Daigh et al. 2019; Marcillo and Miguez 2017). The profitability analysis assumed no
revenue to the farmer as a result of implementing conservation practices (Figure 2).
Figure 2. Example Graphic used to communicate field profitability to the farmer within their "Farmer Report."
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Developing the Field Stewardship Rating
The field stewardship rating (0-10) reflects the influence of the farm operation on soil
mobilization, soil retained within the field boundary after mobilization, water retention by the
soil profile, and the risk to downstream water resources from sediment and phosphorus leaving
the field (Figure 3). Only a procedural discussion is provided within this section of the report.
More detail about the types, reliability, and development of the indices are provided in
Appendix B.
Step 1 - Quantitative Data
The first step in developing the field stewardship rating is to estimate the quantitative data
used to derive the raw stewardship indices for the field (Figure 3).
Figure 3. Conceptual representation for developing the field stewardship rating from quantitative data. Each of the
14 metrics reflects farmer action and come aspect of stewardship quality.

Data are needed for each of the fourteen stewardship indices used to arrive at the field
stewardship rating. Twelve of the stewardship indices are based on quantitative estimates of
soil mobilization rates, soil retention within the field boundary, water retention within the soil
profile, and the risk to downstream water resources from sediment and phosphorus leaving the
field (Figure 4).
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Figure 4. Example raw stewardship indices for soil and sediment. Quantitative data are soil mobilization rates from
the Prioritize, Target and Measure Application (Universal Soil Loss Equation).

The risk to a downstream water body is related to future possible sediment and phosphorus
load reduction goals or Total Maximum Daily Load (TMDL) development. The quantitative data
for these indices are specific to the field and the farmers operation. The data were generated
by a computer application called the Prioritize, Target and Measure Application (PTMApp). A
detailed explanation the theory behind PTMApp can be found at
https://bwsr.state.mn.us/ptmapp (Sirinivas et al. 2020).
The first step also included gathering data about the farmer’s fertilizer management practices
for comparison to industry performance standards. Two of the stewardship indices used to
derive the field stewardship rating are performance standard based (i.e., one index for nitrogen
fertilizer management and one index for phosphorus fertilizer management). The indices for
nitrogen fertilizer management and phosphorus fertilizer management are based on the right
source, right place, right timing, right rate (“4R”) basic, intermediate and advanced regional
performance standards. These 4R standards for the region were developed by an expert panel
and summarized by the International Plant Nutrition Institute (Snyder 2016; Bruulsema 2017).
Step 2 – Raw Stewardship Indices
The second step in developing the field stewardship rating is computing the values for the raw
stewardship indices (Figure 5). The quantitative data for the estimated soil mobilization rates,
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soil retention within the field boundary, water retention within the soil profile, and the risk to
downstream water resources from sediment and phosphorus leaving the field are compared to
one of three factors: 1) some benchmark; 2) the range for agriculture on that field; and 3) the
departure from a midpoint for agriculture on that field (Appendix B).
Figure 5. Example of a "raw" stewardship index prior to converting values to a 0 to 10 scale (i.e., scaled stewardship
index).

A higher raw stewardship index value reflects a higher quality of stewardship by the farmer.
The raw stewardship index is specific to the field and should not be compared across fields.
Step 3 – Scaled Stewardship Indices
The third step in developing the field stewardship rating, is to scale the raw stewardship indices
to values from 0 to 10 (Table 1). The values were scaled by adjusting the minimum raw index
value to zero, and the raw index range to a range from 0 to 10.
A higher scaled stewardship index value (i.e., closer to 10) reflects a `higher stewardship
ranking. The scaled stewardship index value can be compared across fields. The raw
stewardship index values are first adjusted by setting their minimum values to zero and then
the raw value is scaled to a range of 0 to 10. Each raw index value is scaled by multiplying the
value by the raw stewardship index value range.
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Table 1. Stock index "type" table to communicate the value for each of the 14 scaled stewardship indices
comprising the field stewardship rating.

Step 4 – Field Stewardship Rating
The last step is to compute the field stewardship rating from the 14 scaled stewardship indices.
The field stewardship rating is the average value of the scaled stewardship indices. The scaled
field stewardship indices were also weighted based on their reliability to calculate a “weighted”
field stewardship rating (Figure 6). The index reliability relates to the quality of the science used
either to estimate a quantity or a benchmark condition.

10 | P a g e

April, 2020

Figure 6. Speedometer graphic communicating the field stewardship rating to the farmer.

Soil Health
Methods specific to the SPP were developed to describe current soil health for the 20 enrolled
fields. The concept of soil health first showed up in the late 1980’s as a means to convey how
soil function relates and responds to management practices that can be applied on-farm. For
example, soil odor is related to biological activity and can indicate the presence or absence of
soil microbes to cycle nutrients and make them available for crop use. Simply smelling the field
soil is something a farmer or other individual can do in the field to know they are on the right
track without any definitive numbers or wait for complex analyses. As a result, soil health
encourages farmer involvement and interpretation in the field (mainly getting their hands in
the soil looking for changes) more so than other concepts used in the past, like “soil quality” or
“sustainability” that are difficult to measure and understand.
Under the umbrella of soil health, those managing or making recommendations for soils on a
broad scale (farmers, consultants, program leaders) are able to identify how improved soil
functions (e.g., better drainage, water retention, nutrient cycling) and can help achieve on-farm
goals for long term crop production. Farmers and advisors can aggregate soil functions they
identify as beneficial to develop a customized set of management practices or tools to
accomplish on-farm goals.
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Since the 1980’s, evaluation tools have emerged and the concept of soil health is better
defined. We’ve added to the sensory evaluations (e.g. smell) and more advanced laboratory
testing to accompany the in-field evaluation. You’ve likely heard of some of soil health tests,
like the Cornell Soil Health Test, the Solvita and Haney Tests. Although common, these tests are
not necessarily developed for the northern plains region and can be misleading when applied to
fields in this region. North Dakota State University and AgVise Laboratories are working closely
together to identify a set of parameters and further refine the tests for the northern plains
region as we continue to learn. To date, a Soil Health Test Package includes: (1) aggregate
stability and size distribution; (2) organic matter percentage; (3) active carbon; and (4) soluble
salts.
Aggregate Stability and Size Distribution
Soil aggregates are groupings of individual soil particles (i.e., sand, silt, and clay), organic matter
and recently added plant residue. Aggregates of smaller particles combined into larger particles
makes the soil more resistant to wind and water erosion, creates larger pore spaces for water
movement into the soil (or infiltration) and maintains small pore spaces for water retention,
provides protected places for microbes to live and function, and protects plant residues from
mineralization by microbes for increased long-term nutrient cycling.
Aggregates are different sizes - large macroaggregates (2 -8 mm; Lg Macro), small
macroaggregates (250 micron – 2 mm; Sm Macro) and microaggregates (53 – 250 micron;
Micro). These are really small, but different enough in size that the large and small
macroaggregates create larger pore spaces and protect more fresh plant residues.
Microaggregates create more and tighter pore spaces for water retention and protect more
decomposed plant residues for long-term storage. When it comes to stability, macroaggregates
are less stable and turn over faster to release plant residues for microbes to use while
microaggregates are more stable and persist longer in the soils. Aggregates are also the
building blocks in soils (e.g., the LEGOs) that help the soil resist compaction and carry farm
equipment. A mix of sizes and stabilities to help the soil function.
Aggregate measurement is a simple test that can be done every 5+ years to show soil changes
under a new set of management practices. A higher proportion of larger water stable
aggregates (Lg + Sm Macros) indicates a higher functioning soil that would have adequate water
movement into the soils, air exchange, habitat for microbes, nutrient cycling that could reduce
fertilizer inputs and increase implement trafficability. Often, there are more macroaggregates
in a reduced till system that has both crop and cover crops as part of the system. An
abundance of microaggregates (Micros) and non-aggregated soil particles (predominately clay)
is indicative of a high disturbance system with tillage and can limit water and air movement into
soils.
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We also need to consider our expectations of aggregation based on soil texture. Higher clay
soils form more stable aggregates than sandy soils. If a field’s soil texture is sandier, don’t be
discouraged by low macroaggregation because it’s a direct function of the soil texture. Through
efforts at North Dakota State University we have concluded that aggregate size distribution is
one of our best soil health indicators for the region allowing us to see changes quickly.
Aggregate size distribution is also a relatively easy test to complete and understand.
Organic Matter
This soil property reflects the chemical component of soil health and influences both the
biological and physical aspects (e.g., aggregation). Traditionally, organic matter (OM)
percentage is used to infer nutrient holding capacity and nutrient supply to plants. However,
this inference is complex because soil physical and biological properties as well as water and
temperature all interact to affect how nutrients are cycled. OM can help facilitate aggregation
in soils, provide a food source for microbes and improve water holding capacity (especially in
sandy soils). OM is a soil health parameter we need to consider, but with reservation. OM,
which is 48% organic carbon, is often talked about in terms of soil carbon. Carbon is one way to
measure or indicate OM.
Keep in mind the method to measure soil OM is coarse. OM measurements can be affected by
sampling techniques and previous cropping patterns and can takes a very long time (decades)
to reflect management changes. Management practices which increase crop residue and the
duration of plant growth (particularly roots) as well as increased microbiological activity can
increase the soil OM percentage. We encourage use of this parameter in the context of
knowing how soil samples were collected and the general nature of soil textures in your field.
Active Carbon
Sometimes breaking large carbon (OM) pools down into smaller pools can be beneficial in
understanding changes in the short-term. Active Carbon is a portion of the carbon in OM that is
rapidly cycled. Active Carbon is thought to be the major contributor to nutrient retention and
cycling. Anytime we are looking at an “active pool”, we can expect changes to occur relatively
quickly compared to the large, whole soil pool like OM percentage because we are separating
out the slow pools that give soil it’s dark color (humus) and high stability.
Active Carbon is expected to be highly responsive to management changes and therefore is
likely to be a good indicator of management changes that are impacting soil health. Higher
Active Carbon values are desirable. However, depending on time of year and microbial activity,
active carbon could be lower which may be desirable because the active pool is being depleted
and transferred through a microbially active soil pushing recent plant material additions in the
Active Carbon pools into other more stable pools. This is what makes this parameter tricky to
interpret.
Management practices that may increase Active Carbon are still being investigated; however, it
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is likely that reduced tillage and maintaining living plant roots for as many days of the year as
possible will increase Active Carbon. We expect more relative numbers to become available in
the coming years to help interpret the influence of management and soil type on this
parameter.
Soluble Salts
The measurement of soluble salts in soils is known as electrical conductivity (EC) and are
reported as dS m-1 or mmohs cm-1 which are equivalent. EC describes the amounts of ions
dissolved in the soil solution which are typically plant nutrients; however, when in high
concentrations they negatively affect the ability of plants to extract water from the soil profile
and are commonly referred to as salts. High soluble salt concentrations are common in the Red
River Valley as well as eastern North Dakota and Western Minnesota. High soluble salts reduce
plant growth and yield and often prevent the growth of sensitive species (which includes
several common crops like corn and soybean).
Because salts are prevalent in our soils, we think this is an important part of evaluating soil
health and the system in general. Values below 1 dS m-1 are desirable. Values between 1 and 4
dS m-1 will cause yield loss to susceptible crops and the use of saline tolerant crops is advised.
Values greater than 4 dS m-1 restrict or prevent the growth of most agronomic crops. EC values
can vary with depth (we only measured the surface soils in this study).
Water management is the key to reducing soluble salts. Improving drainage and using plants to
remove water from the soil profile allow clean rainwater to help dilute the salts. This process
takes several years (5-10) of consistent water management to show improvement.
With this SPP, we’ve collected and analyzed the baseline samples for each field. The same
locations/zones could be sampled in the future (5+ years) to look for changes in soil health, the
field stewardship rating and net profit.

RESULTS / SUCCESSES
Farmer Interest
Recruiting 10 farmers to participate in the voluntary program is one of the many success of the
SPP. The amount of available funding determined the number of farmers participating and
fields enrolled in the SPP.

Evaluating Field Profitability
The SPP included developing a repeatable process for estimating the net profit for a field.
Farmers were provided with a spreadsheet tool they can continue to use to estimate net profit,
into the future.
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Farmer Value Proposition
Participating farmers confirmed the value of participating in the SPP, provided the vision and
objectives were achieved. The type of value differed among the farmers (see Section titled
“Reasons for Farmer Participation) but all the reasons for participation were realized.

Successfully Creating a Field Stewardship Rating
IWI developed a field stewardship rating predicated on several important characteristics
including:
•

Non-punitive (i.e., demonstrate the value of the current farm operation to improve
environmental outcomes). Acknowledging how practices already used result in positive
environmental outcomes;

•

Reflective of water quality and quantity environmental outcomes only;

•

Based on quantitative data, rather than a qualitative subjective ranking (e.g., like the
Minnesota Ag Water Quality Certification). Specifically, we wanted the farmer to be able
to “drill down” into the field stewardship rating to ultimately access the foundational
data comprising field stewardship rating;

•

Reflective of the farm operation, rather than some intrinsic physical, chemical or
biological characteristic of the field;

•

Comparative across geographic regions, regardless of the landscape setting;

•
•

Representative the potential environmental outcomes / consequences; and
Reflective of agriculture production, rather than some non-agricultural land use.

The last characteristic is especially relevant to the participating famers and, by default, the
larger U.S. agricultural community. The SPP does not assume the “best” stewardship rating
would be attained by converting the field into a non-agricultural land use like native prairie for
wildlife habitat.
The concept and technical derivation of the SPP field stewardship rating appears robust. Results
confirmed the relationship between operational changes (e.g., changes that reduced – or
increased - the amount of soil mobilized) and field stewardship. The field stewardship rating
also increases if the amount of soil mobilized remained unchanged, but structural conservation
practices to trap soil mobilized are included in an option. In summary, the stewardship rating
“behaves” predictably in response to operational changes.
The final field stewardship rating is based on four types of indices used to derive the field
stewardship rating; 1) benchmark index, 2) agriculture operation index, 3) agricultural
operation departure index, and 4) performance index. Conceptually, the benchmark index
compares a field quantitative value to some “desired” level. An example is the soil formation
rate benchmark index, where the estimated field soil loss rate is compared to the rate soil
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forms. A benchmark index is a simple ratio between the benchmark value and the field
quantitative value. A larger value is more desired.
The agriculture operation index compares a field quantitative value to a probable
(quantitative) range for the field in agricultural production. The range for agriculture is intended
to represent the “bookends” for the field in agricultural production. Alfalfa forage and the
farmer’s current rotation assuming a mold board tillage system were used to reflect the
bookends. The agriculture operational index essentially represents what the “percentile” is for
the current operation relative to the agricultural range. The field quantitative value is
normalized (divided by) the range for agriculture. A low ratio is less desirable than a high
percentage.
The agriculture operation departure index. The agriculture operation departure index
compares a field quantitative value to the midpoint value of the probable range for the field in
agricultural production normalized by of the probable range for the field in agricultural
production. The raw index value is negative if less than and positive if greater than the midpoint
value for the agricultural range. The amount of departure from the midpoint is normalized by
the agricultural range. In a statistical sense, the agricultural operation departure index
represents the departure from a mean or median value.
The fourth index is a performance index reflecting whether the farmer uses specific industry
standards. The fertilizer management indices are the examples of a performance index, where
the fertilizer management methods are compared to the right source, right rate, right time, and
right place (4R) standards. The advanced 4R category received the higher value and is most
desirable.
Another program index was initially conceptualized based on the fields enrolled in the SPP for
developing the field stewardship rating. The program index used the minimum and maximum
values for the 20 fields enrolled in the program, rather than the range for agriculture, in the
agriculture operation and agriculture operation departure indices. We concluded the program
index was NOT transferable across differing landscapes and because of the small number of
fields involved in the SPP. However, the program indices could be valuable for comparing farm
operations within specific landscape settings once sample sizes are large enough.

Field Profit and Field Stewardship Rating – Searching For The Silver Bullet?
The SPP used an economic lens to address the water quality and quantity issues faced by
modern agriculture. We began the SPP believing field profit could be increased while
simultaneously improving water quality and quantity outcomes. If this assumption is valid,
farmers may decide to voluntarily change their operation (i.e., the silver bullet). The field
stewardship rating, the methods and the processes developed through the SPP could serve as a
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common framework for improving water quality and reducing runoff.
We developed net profit and the field stewardship ratings for 20 different farm fields (Figure 7).
Each point represents either the current farm operation or an option (alternative operation) for
the 20 enrolled fields. A slight positive relationship between net profit and the field stewardship
rating is implied by the chart (i.e., net profit and the field stewardship rating appear have a
positive relationship). The net profit - field stewardship rating relationship is, in reality,
different than depicted. The “real” relationship between net profit and the field stewardship
rating is yet to be defined. Although SPP data suggest the relationship is positive, additional
work is needed to clearly define the relationship because profit and the field stewardship rating
were not optimized and we assumed no revenue generated from conservation practices.
Figure 7. Relationship between the field net profit and the field stewardship rating for the 20 fields enrolled in the
Stewardship Pilot Program. Value next to each dot is the field number. The net profit includes the cost of
conservation practices, but no revenue for the farmer.
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Field Stewardship Rating and Water Resources Outcomes
For each field and two alternative scenario options, we plotted the changed in the field
stewardship rating against the change in the estimated annual amount of sediment and total
phosphorus reaching the field edge and the change in the volume of precipitation retained
(Figures 8, 9, 10, and 11). The charts show the change in the field stewardship rating is
correlated to changes in loads - and presumably - environmental outcomes.
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Figure 8. Relationship between the change in the field stewardship rating and the estimated amount of soil
mobilized from water sheet and rill erosion (tons year) for the current operation and two operational options.
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Figure 9. Relationship between the change in the field stewardship rating and the estimated amount of soil
mobilized by water sheet and rill erosion (tons/ year) reaching the field edge for the current operation and two
operational options.
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Figure 10. Relationship between the field stewardship and the estimated amount of total phosphorus (lbs./year)
reaching the field edge for the current operation and two operational options.

Figure 11. Relationship between the estimated volume of water entering the soil profile (inches / field) and the field
stewardship rating for the current operation and two operational options.
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Established Field Soil Health Baseline
The fields enrolled in the SPP are located within the Northern Great Plains and are naturally
high in organic matter. Soil scientists working on the SPP believed regional soil tests were
needed to characterize soil health, because of the naturally high organic matter. As part of the
SPP, soil samples were successfully collected and laboratory analysis completed to establish the
current soil health for the 20 fields. The methods developed can continue to be used to
establish and refine soil health indices.

REMAINING QUESTIONS AND CHALLENGES
Field Stewardship Rating – Technical Questions
A reminder that the SPP is indeed a “pilot program” seems important. Questions remain and
require resolution prior to using the field stewardship rating operationally within a broader
geographic context and within the larger agricultural community. These questions and
challenges must be addressed prior to scaling the SPP to a larger geographic area.


Are all 14 metric necessary? Although each stewardship index conveys a specific type of
information, several exhibit similar behavior in response to the farmer’s action. For
example, the soil formation rate indices are based on the estimated field soil
mobilization rate caused of water sheet and rill erosion. The three indices convey very
different information but respond in the same direction to a farmer’s actions, and by
different amounts. The soil formation benchmark index estimated soil loss rate from
sheet and rill erosion compared to the rate soil forms. The soil formation rate
agriculture operation index compares the estimated soil loss rate caused by sheet and
rill erosion to the range for the field if it were placed into forage alfalfa and the same
rotation using a mold board plow tillage system. The raw values are very different for
these to two indices.
 Are the “right” value used for indices which are based on a benchmark? The soil
formation rate benchmark index is a good example. The soil formation rate literature is
unclear suggesting a range of formation rates varying by a factor of three. Soil
formation rate estimates are general and not necessarily specific to the actual location
of the field. Another example is estimating the amount of total phosphorus leaving a
field placed in forage alfalfa and subject to a mold board plowing system. More work is
needed to confirm the specific benchmark values.
 Did we use the correct range to reflect agricultural production? We used alfalfa forage
and the same rotation with moldboard plowing. We did this primarily to establish some
frame of reference for participating farmers. This may change depending upon the
region within the country.
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Should the number of indices used to derive the field stewardship rating be reduced
because they are duplicative OR added because important process are missing? We
intended the field stewardship rating to be reflective of water quality and quantity
outcomes. Indices reflecting nitrogen movement through the field are absent from the
field stewardship rating because of probable technical challenges modeling nitrogen
movement given the available financial resource for the SPP. Indices based on nitrogen
movement could be added. Several farmers also suggested an index for soil loss
associated with wind erosion is needed. Sensitivity analysis suggested that removing
indices which appear duplicative had little effect on the field stewardship rating value.
 How does the quality of the science effect the field stewardship rating? Both
“unweighted” and “weighted” field stewardship ratings were computed. The weighted
field stewardship rating reflected our interpretation of the certainty of the science
needs more testing. Most stewardship indices were moderately reliable and assigned
medium weight. The unweighted field stewardship rating is typically larger than the
weighted value. The primary reason for the difference is because of the fertilizer
stewardship indices are assigned the greatest weight but often had the lowest
unweighted scores.
 Are methods used to convert categorical data into a field stewardship index
appropriate? The stewardship indices for fertilizer management are a good example.
Farmers achieving basic, intermediate and advanced levels were assigned scores of 3.3,
6.6 and 10, respectively. A value of 0 represented failing to achieve the basic level. We
also converted the sediment and phosphorus risk levels into scores. We categorized a
field contributing less than 1% of the estimated annual load to a downstream
waterbody as “low regulatory risk” and assigned a numeric score of 10. A more
thorough examination of the values assigned and sensitivity analysis to the assumptions
is needed.
 Can we apply SPP methods to an entire farming operation? Several farmers expressed a
desire to use the field stewardship rating to brand “themselves” with regard to
stewardship quality for all of their fields.
A final comment about the field stewardship rating is warranted. The quantitative data to
develop the benchmark, agriculture operation and agriculture operation departure indices
came from PTMApp. PTMApp estimates the annual soil, total phosphorus and total nitrogen
loss and downstream movement, through surface water runoff. The application uses commonly
accepted equations. We used PTMApp because of the need and ability to estimate subfield
scale movement of sediment, nutrients and water; conservation practice performance; and
downstream movement of soil and phosphorus. The quantitative data necessary to apply SPP
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methods could potentially come from any tool or application having the ability to
deterministically model soil, phosphorus and water movement at the subfield through
watershed spatial scale.

Field Stewardship Rating – Is it Actionable?
We began the SPP unsure of the ability to create a quantitative approach characterizing
stewardship quality for a farm operation. Consequently, the SPP largely focused on the
processes and methods to develop the field stewardship rating as a quantitative measure of
stewardship quality. The field stewardship rating is at this point more informational than
actionable.
The current field stewardship rating can inform a farmer’s operational decisions. However, the
field stewardship rating will be fully actionable when a process is in place to work with the
farmer to optimize profit, while concurrently understanding the change in the field stewardship
rating. There is considerable potential for the field stewardship rating to be actionable.
The processes, methods and tools developed through the SPP have the potential to positively
affect water quality and quantity at a watershed scale provided changes in the field
stewardship rating at the field scale are related to load reductions and volumes of water runoff
(see Figures 8, 9, 10 and 11). These existing relationships imply considerable promise if used at
the watershed scale.

Soil Health
Quantifying soil health and its relationship to profit and environmental outcomes is needed. We
characterized the current soil health in the 20 SPP enrolled fields. The farmers can now use
these baseline data for assessing future soil health changes which must be correlated to net
profit and their field stewardship rating. Methodological questions about how to best
characterize soil health remain and must be addressed.

Profitability Analysis
The process of collecting the expenses and other data required to estimate revenue continues
be challenging. The amount and type of operational data recorded and retained by farmers
varies. Most farmers manage these data using multiple methods and computer programs
making data exchange and extraction time consuming.

LESSONS LEARNED
The SPP Provided Value
Participating famers affirmed that the information developed through the SPP had value. The
food company participating in the SPP also indicated they believed there could be value when
marketing their commodities.
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Feasibility
We learned developing and applying a field stewardship rating is technically feasible.

Data Collection
Collecting the operational information from the farmer proved to be very time consuming both
for the farmer and the technical team. The operational data exist in many different formats.
Although we developed forms to guide collection of the operational data, sitting with the
farmer and reviewing the information is critically important for obtaining a thorough
understanding of the information.

Time Constraints
The amount of time necessary to collect and organize information is considerable. Farmers
have limited time. Some type of technological solution is likely needed to efficiently estimate
the field stewardship rating and profit.

Data Gaps
Data gaps with regard to computing the field stewardship rating remain. For example, the soil
formation benchmark index is based on a soil formation rate from the literature, which has a
large range.

Cost for Creating the Farmer Report
Developing the pilot program process and materials, meeting with the farmers, developing and
vetting the methods for creating the stewardship indices and the field stewardship rating, and
developing templates for products required a substantive amount of the SPP budget. The
Farmer Reports were one of the primary products provided to the farmer. The estimated cost
to prepare one Farmer Report for a field where PTMApp data exist ranged from $3,000 - $4,500
(per acre basis for 200 acre field range is $15 – $22.50 / acre). We estimate an additional
$2,000 - $3,000 per farmer for meetings to gather their data, develop their options, estimate
profitability, and calculate the field stewardship rating. We believe this cost can be reduced
considerably by developing automated technology so the farmer could efficiently provide their
data compute estimated field stewardship ratings. The cost would be obviously higher if the
PTMApp data (or from any other model) is unavailable.

SCALING
There is clearly value to farmers and those willing to pay for positive environmental outcomes
from the SPP. Understanding the type of value (e.g., monetary, improvement in water quality
realized by society) and how the value becomes manifested and monetized is reason to
continue and initiate efforts to scale the SPP.
Although a clear definition of “scalability” is needed, any effort to expand the SPP should
demonstrate the following characteristics:
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1. Greatly increase the number of participating farmers and acreage sufficiently to:
a. Confirm the behavior of the field stewardship across a larger geographic area;
b. Refine and finalize the indices comprising the field stewardship rating based on
application to a larger geographic area;
c. Show broad application of the approach, methods and framework across a larger
geographic area;
d. Use the methods and processes developed to optimize both net profit and the
field stewardship rating for the enrolled fields;
e. Better define the relationship between profitability and the field stewardship
rating through optimization; and
f. Use a large geographic area (i.e., watershed) to assess the level of farmer
participation necessary to achieve meaningful improvements in water quality.
2. Reduce time and cost to gather and manage data. A technological solution is needed to
generate the quantitative data used to develop each stewardship index, calculate the
indices, and estimate profit. The data from the PTMApp or some other deterministic
field scale water quality and quantity model must exist.
3. Move value through the agricultural supply and delivery chain by effectively
communicate the results to the farmer and others.
a. Results provided to the farmer must be actionable, clearly communicate the
costs for operational changes and implementing conservation practices,
communicate possible risk and describe the probable additional revenue.
b. Results provided to other links in the agricultural supply and delivery change
must be understandable and relatable to their (yet unknown) value proposition.
c. Address real and perceived risk associated with a farmer modifying their
operation (e.g., moving from conventional tillage to other tillage systems is a risk
in the eyes of some farmers because of unknown changes in yield).
4. Monetize the value proposition beyond the farmer, either through an increase in the
commodity price, in support of agricultural sustainability claims, pay-for-success
conservation models, or related methods.
5. Become part of the annual decision making process for the farmer and others within the
supply and delivery chain.
We believe the SPP should be scaled and the next steps focused in priority order on these
characteristics.
The SPP capitalized on using existing and available (free) data for creating the stewardship
indices, resulting in considerable cost savings. The data for developing the indices can come
from any model or computer application, but there is an advantage in using PTMApp because
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the process for developing the stewardship indices and the field stewardship rating were vetted
using PTMApp data. The geographic area to scale the SPP should be within areas were PTMApp
data (or some other comparable data from other models) already exist (Figure 12). PTMApp
datasets are currently available for many locations within North Dakota, Minnesota and
portions of Iowa. We recommend selecting two or three watersheds within this area.
Figure 12. PTMApp Data Availability.

IDEAS FOR NEXT STEPS
Assuming additional funding to scale the SPP is available, some ideas for the next steps in
priority order include:
1. Meet with the farmers enrolled in the SPP to review their Farmer Reports, better
understand their comprehension of the report content, and incorporate ideas about
how to ensure the reports are actionable;
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2. Optimize net profitability and the field stewardship rating for the 20 fields enrolled in
the SPP to better define their mathematical relationship. The fields enrolled in the SPP
represent a cross section of modern agriculture within the north-central US and the
results should be valid for a large geographic area;
3. Explore the marketability and monetary value of the field stewardship rating to other
links in the agricultural supply and delivery chain and food industry. This may include
developing a conceptual approach for assigning a stewardship rating to the farmer (in
addition to their fields);
4. Apply the SPP in up to three geographically diverse 12-digit Hydrologic Unit Code
watersheds where PTMApp data already exist (likely Iowa, North Dakota and
Minnesota). Use these areas to further refine the mechanics of the SPP, the indices used
to define the field stewardship rating, the mathematical relationship between profit and
the field stewardship rating and value proposition. Define and establish the partnership
framework within each watershed necessary for implementation. Discuss possible
frameworks for providing services to the farmer to develop the field stewardship rating.
Define the farmer participation level needed to achieve meaningful improvements in
water quality at the watershed scale; and
5. Conceptualize the technological solutions necessary to address known data
management issues.
The SPP has successfully demonstrated a unique-farmer lead approach to address the water
quality challenges facing modern agriculture.
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APPENDIX A. Stewardship Pilot Program Materials

APPENDIX B. More details about the stewardship indices

APPENDIX C. Redacted Farmer Report
NOTE: PORTIONS OF THIS REPORT HAVE BEEN REDACTED TO PROTECT THE PRIVACY OF THE FARMER.

