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General Information
Proposal ID: 2027-556

Proposal Title: Mapping Continuous Living Cover for Environmental Assessment

Project Manager Information

Name: Kevin Silverstein
Organization: U of MN - College of Food, Agricultural and Natural Resource Sciences
Office Telephone: (651) 500-6671

Email: kats@umn.edu

Project Basic Information

Project Summary: We will build an Al-driven remote sensing tool to track Minnesota's emerging continuous living cover
crops, mapping Kernza and Camelina acreage to accurately model their long-term environmental impacts.

ENRTF Funds Requested: $523,000
Proposed Project Completion: June 30, 2030

LCCMR Funding Category: Resiliency (A)

Project Location

What is the best scale for describing where your work will take place?
Statewide

What is the best scale to describe the area impacted by your work?
Statewide

When will the work impact occur?
During the Project and In the Future



Narrative

Describe the opportunity or problem your proposal seeks to address. Include any relevant background information.

Our state and region face multiple challenges related to agricultural production, notably excess nitrates in surface and
groundwater, topsoil loss, declining soil health, and diminishment of habitat for wildlife including pollinator species. The
2026 MN Nutrient Reduction Strategy (NRS) update elevates “continuous living cover” (CLC) farming as an essential
piece of the clean water puzzle, not least because this approach can address multiple resource concerns. CLC farming is
typified by (A) perennial crops and (B) rotations of summer- and winter-annual crops that keep the soil covered for
longer stretches of the year; some CLC systems, such as perennial pasture, have a long history in our region, while
others, like the integration of winter-hardy oilseeds into corn/soy rotations, are nascent. The NRS seeks to establish a
“CLC Working Group” and “CLC Campaign” to increase the adoption of such systems, but there currently exists only an
incomplete patchwork of databases, programs, and informal networks tracking and advancing the establishment of CLC
statewide, making the attendant complexities of capital allocation, farmer outreach, and supply chain development
more difficult than they would be with a shared and comprehensive picture of this sub-sector.

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones.

This LCCMR proposal seeks to create a monitoring system that uses satellite imagery and advanced analytical tools to
paint this comprehensive picture of CLC acreage in Minnesota. Such a tool would allow researchers and agencies to track
the real-world adoption of CLC cropping systems over time, enabling more-targeted farmer assistance and program
funding. Once refined, remote-sensing methods may also improve the accuracy of monitoring when compared to
conventional tools like farmer surveys, because they are not dependent upon participation rates and other sociologic
factors. This project would build upon work previously undertaken by GEMS Informatics and the MN Office Of Soil
Health; MOSH researchers have spent the past several years conducting research into remote sensing of traditional
cover crops and perennial systems such as pasture, and we seek to expand the aperture to novel CLC systems such as
Kernza perennial grain, tree crops, and winter-hardy oilseeds. Kernza and winter camelina are the focus for early-stage
development of this tool, with more crops added over time as technology evolves and new species become
commercially viable, and as the state’s CLC Working Group has opportunities to put the tool into practice.

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation,
and enhancement of the state’s natural resources?

Maps and data tables aggregated at the County level and the HUC 12 watershed level (to preserve farm anonymity)
yearly for 2018-2030:

eKernza and Camelina acreage in comparison to total crop acreage for each county/watershed district

eKernza and Camelina biomass estimates

eEnvironmental impact assessments for each county/watershed district including: crop yield, nitrate-nitrogen leaching
losses, nitrous oxide emissions, carbon sequestration and soil erosion under Camelina, Kernza and corn-soybean
cropping systems



Activities and Milestones

Activity 1: Generate datasets where Camelina and Kernza are planted on the MN landscape.
Activity Budget: $4,967

Activity Description:

Inventory locations where Kernza and Camelina are grown in Minnesota. A critical step in remote sensing of CLC is the
collection of sufficient ground truth training data. Typically a machine learning model that utilizes spectral bands from a
satellite requires multiple fields of each crop type to recognize. Each field should be at least 10,000 square meters (~2.5
acres) in size to ensure a sufficient number of 10 m x 10 m pixels training for each.

Over 2,000 acres of Camelina are grown in Minnesota under contract from Cargill across 15 Minnesota counties, while
five targeted projects exist to plant Kernza in Drinking Water Source Management Areas (DWSMAs) near Staples,
Chatfield, Melrose, Cold Springs, Luverne, and Edgerton, Minnesota. In addition, researchers with the Forever Green
Initiative (FGI) and Clean River Partners (CRP) have planted Kernza and Camelina at numerous locations across
Minnesota. Through our CRP, FMR and FGlI relationships we will obtain a comprehensive list of Kernza and Camelina
planting location x season occurrences. We will maximize the number of distinct locations as we have found each
location adds more information for the model training than observing two different seasons at the same location.

Activity Milestones:

Description Approximate
Completion Date
Obtain 400 ground truth instances. December 31, 2027

Activity 2: Develop remote sensing and machine learning pipelines to track progress in Camelina and
Kernza planting.
Activity Budget: $303,436

Activity Description:

This activity develops remote sensing and machine learning pipelines to identify Camelina and Kernza by leveraging their
unique phenological signatures. Camelina, a winter annual, exhibits distinct yellowing from April to June, while Kernza, a
perennial, remains green through late fall.

To achieve 90% classification accuracy, we will deploy two parallel statistical approaches:

1. Recurrent Neural Networks (RNN): Training on Sentinel-2 derived NDVI and Red Edge Chlorophyll indices, utilizing
ground-truth data from ~200 fields per crop.

2. Knowledge-Guided Foundational Model: Using Sentinel-2 and ERA5 data to create 512-dimension embeddings at 80m
resolution, clustered via t-SNE to distinguish target crops from corn, soybeans, and alfalfa.

We will assess sampling feasibility by re-running training at various data scales (20%—80%) to extrapolate the
relationship between sample size and accuracy. If the initial 200 plantings per crop prove insufficient for 90% precision,
we will acquire additional ground-truth locations from collaborators to refine the models. The final output will be a high-
accuracy ensemble or individual model capable of tracking these emerging crops across Minnesota's landscape.

Activity Milestones:

Description Approximate
Completion Date
Obtain more ground truth locations and seasons if necessary and repeat testing March 31, 2028
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| Develop preliminary Al models | July 31, 2028

Activity 3: Using Fall biomass estimates of Camelina and Kernza with relevant variables develop
Bayesian models to determine Spring biomass
Activity Budget: $125,381

Activity Description:

Satellite-derived statistical models will identify crops that are present on the landscape from visible signals. Even though
weak signals may be present in the Fall for overwintering crops, the estimation of biomass the following Spring is
difficult.

Activity 3 will focus on developing predictive models to better quantify the spring biomass of Camelina and Kernza. We
will utilize a Bayesian modeling framework to integrate relevant data, including fall biomass estimates derived from the
remote sensing pipelines developed in Activity 2. These estimates will be combined with environmental variables,
including soil temperature profiles, snow cover duration, and cumulative growing degree days. The Bayesian approach is
particularly well-suited for this task, as it allows the incorporation of prior experience or prior knowledge and explicitly
accounts for the uncertainties inherent in overwintering success across Minnesota.

The objective is to produce a robust tool that predicts spring biomass levels before they are physically measured. These
outputs will serve as essential inputs for calibrating simulation models to estimate statewide environmental impacts,
including reductions in greenhouse gas emissions and nitrate leaching. Ultimately, these models will help identify
regions where Camelina and Kernza provide the highest conservation value based on predicted spring performance.

Activity Milestones:

Description Approximate
Completion Date

Develop an initial Bayesian model of Spring biomass June 30, 2029

Refine improved Spring biomass prediction and model verification June 30, 2030

Activity 4: Estimate environmental impacts (e.g., reduced erosion, nitrogen leaching, export of
phosphorus, GHG gas emissions).
Activity Budget: $89,216

Activity Description:

Accurate assessment of environmental impacts of Camelina and Kernza across complex climate—crop—soil management
combinations for Minnesota will be assessed by simulation modeling. EPIC is a widely-utilized, comprehensive, process-
based simulation framework used to estimate the long-term impacts of agricultural management practices on soil
erosion, crop productivity, and nutrient cycling. We will employ a hybrid approach combining EPIC modeling and remote
sensing to simulate the crop biomass/yield, nitrate-nitrogen leaching losses, nitrous oxide emissions, carbon
sequestration and soil erosion under Camelina, Kernza and corn-soybean cropping systems. EPIC will be calibrated using
field trials data of yield/biomass, soil nitrate leaching and estimates of evapotranspiration.

Activity Milestones:

Description Approximate
Completion Date

Develop EPIC growth and environmental impacts model for Camelina rotation December 31, 2029

Assess acreage of Camelina and Kernza in Minnesota for 2024-2029 March 31, 2030
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Apply Camelina/Kernza EPIC models to 2025-2030 acreage to assess productivity and environmental
benefits

May 31, 2030




Project Partners and Collaborators

Name Organization Role Receiving
Funds
David Mulla U of MN - Soil, | co-Investigator: Develop remote sensing models and estimate environmental Yes
Water and impacts
Climate
Galin Jones U of MN - co-Investigator: Develop Bayesian models to predict Spring biomass Yes
School of
Statistics
Phil Pardey U of MN - co-Investigator: assist Project Manager in coordinating project activities Yes
Applied
Economics
Peter Friends of the Liaison to ground truth fields via the Forever Green Initiative, who will be No
LaFontaine Mississippi providing ground truth field locations; communications to the public on the
River (FMR) initiative; fundraising for sustainability of the efforts beyond the completion of
the
work
Mason Hurley | U of MN - Perform Machine Learning analyses on satellite data Yes
GEMS
Informatics
Muhammad U of MN - Soil, | Modeling of environmental impacts and complementary assessment of Kernza Yes
Tahir Water and and Camelina field distribution
Climate

Dissemination

Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.

We will routinely share findings from this project with the state agencies and stakeholder participants in the "CLC
Working Group" soon to be established pursuant to the 2026 MN Nutrient Reduction Strategy; indeed, we envision this
as a core accounting tool for the CLC Working Group, which will be tasked with strategic planning for the expansion of
continuous living cover systems. Findings will also be shared with the UofM Forever Green Initiative, the Agricultural
Research Service, Soil & Water Conservation Districts, farmers and other entities that are responsible for developing and
deploying the perennial and winter annual crops being studied, as well as supply chain interests that would benefit from
a clearer picture of the geographic reach of these crops. We will seek opportunities to integrate findings into public and
professional presentations, reports, and papers.

Long-Term Implementation and Funding

Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as
part of the project, how will findings, results, and products developed be implemented after project completion? If
additional work is needed, how will this work be funded?

These proposed activities will augment our existing projects with the 2025 LCCMR and ongoing work on Best
Management Practices with the MDA. Our project partners at the Friends of the Mississippi River (FMR) will also ensure
the results of this work will impact relevant policy deliberations throughout Minnesota. We continue to expand our
funding base with interconnected projects, and expect all deliverables will be built upon with further work. There are
significant market forces for expanding CLC crops beyond Kernza and winter camelina. This will continue to increase the
derived demand for the data products produced by this project.



Other ENRTF Appropriations Awarded in the Last Six Years

Name Appropriation Amount

Awarded
Conserving Natural Resources by Advancing Forever M.L. 2025, First Special Session, Chp. 1, Art. 2, Sec. 2, $2,146,000
Green Agriculture Subd. 03aa

Project Manager and Organization Qualifications

Project Manager Name: Kevin Silverstein
Job Title: Research Professional Level 6 / RI GEMS Group Lead

Provide description of the project manager’s qualifications to manage the proposed project.

Kevin Silverstein will be responsible for overall project coordination and supervision of the study, which includes
extensive statistical computational analysis of satellite data to identify the location and timing where perennials and
winter annuals are planted on the landscape. He will coordinate with Dr. Mulla and Dr. LaFontaine, who have extensive
ongoing interactions with programs at Cargill, Forever Green, UM Extension, and the nonprofit, Clean River
Partners(CRP), which are collectively expanding the footprint of Kernza and winter Camelina in Minnesota.

Dr. Silverstein has over 35 years experience performing complex statistical computational analysis, and for the last 5
years has led projects in collaboration with the Minnesota Department of Agriculture in analyzing satellite data to
identify where and when Minnesota farmers use Best Management Practices (e.g., cover crops, tillage, buffer strips) on
the landscape.

Organization: U of MN - College of Food, Agricultural and Natural Resource Sciences

Organization Description:

All funded personnel are based at the University of Minnesota, one of the largest, most comprehensive, and most
prestigious public universities in the US (https://twin-cities.umn.edu/ ). The labs and offices of the investigators are
equipped with the necessary space and facilities needed for the proposed work.

The Minnesota Supercomputing Institute (MSI) is the University of Minnesota's principal center for computational
research.

GEMS, a joint CFANS and MSI agri-food informatics initiative at the University of Minnesota, is a highly diverse,
international, and interdisciplinary team of professionals. The GEMS Informatics Initiative makes genomics,
environmental, management, and socioeconomic data interoperable at varying spatial and temporal scales to generate
actionable information and promote innovation partnerships that accelerate and sustain growth in local and global food
and agricultural systems.

MOSH (MN Office Of Soil Health) MOSH is a collaboration between the Board of Water and Soil Resources and the
University of Minnesota Water Resources Center. Base funding is from the Clean Water Fund of the Clean Water, Land
and Legacy Amendment; and the Water Resources Center. MOSH researchers have spent the past several years
conducting research into remote sensing of traditional cover crops and perennial systems such as pasture.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Senior Staff Program Manager to oversee modeling and 27% | 0.3 $62,575
Member coordinate activities
Data Perform Machine Learning modeling of satellite data 37% 0.9 $145,545
Engineer to recognize Kernza and Camelina acreage
co- Statistical mentor overseeing Bayesian biomass 27% | 0.03 $11,341
Investigator estimate analysis
co- Mentoring and oversight of modeling of analysis of 27% | 0.12 $11,421
Investigator satellite data and environmental impacts
co- Scientific and administrative coordination 27% | 0.03 $13,978
Investigator
Researcher modelling of environmental impacts 27% | 0.75 $79,500
Statistics Perform the Bayesian analysis 50% 2 $100,694
Graduate
Student 9
mo.
Graduate satellite modeling of crop planting in Activity 2 49% | 1.5 $73,127
Student 9
mo.
Graduate Satellite modeling of crop planting in Activity 2 24% | 0.39 $15,015
Student
Summer
Sub $513,196
Total
Contracts
and Services
Sub -
Total
Equipment,
Tools, and
Supplies
Tools and Weather Data Software Software provides accurate weather $9,804
Supplies information for us to use in our
modeling
Sub $9,804

Total




Capital

Equipment
Sub -
Total

Acquisitions

and

Stewardship
Sub -
Total

Travel In

Minnesota
Sub -
Total

Travel

Outside

Minnesota
Sub -
Total

Printing and

Publication
Sub -
Total

Other

Expenses
Sub -
Total
Grand $523,000

Total




Classified Staff or Generally Ineligible Expenses

Category/Name Subcategory or Description Justification Ineligible Expense or Classified Staff Request
Type
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Non ENRTF Funds

Category | Specific Source

Use

Status

Amount

State

State Sub
Total

Non-State

Non State
Sub Total

Funds
Total

Total Project Cost: $523,000

This amount accurately reflects total project cost?
Yes
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Attachments

Required Attachments

Visual Component
File: 5e6de198-c29.pdf

Alternate Text for Visual Component
Overview of project activities and their dependencies....

Supplemental Attachments
Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other

Title File

U of MN Sponsored Projects Administration Authorization to 1f036621-ee3.pdf
Submit

Letter of Support from Peter LaFontaine at FMR 881cdff5-20a.pdf

Administrative Use

Does your project include restoration or acquisition of land rights?
No

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota
plan?

N/A

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue
generation?
Yes

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?
Yes

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?
No

Does your project include original, hypothesis-driven research?
Yes

Does the organization have a fiscal agent for this project?
No

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration?
No

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care,
treatment, education, training, instruction, or recreation to children")?

No
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https://lccmrprojectmgmt.leg.mn/media/map/5e6de198-c29.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/1f036621-ee3.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/881cdff5-20a.pdf

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:

Kari Lamp, CFANS; Kris Junker, GEMS Informatics; Christina Doherty, Sponsored Projects Administration; all at
the University of Minnesota

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include
competitive bidding and prevailing wage requirements

N/A
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