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General Information
Proposal ID: 2024-224

Proposal Title: Remote Sensing for Pollinator Habitat

Project Manager Information
Name: Wendy Caldwell

Organization: Monarch Joint Venture
Office Telephone: (612) 208-3741

Email: wcaldwell@monarchjointventure.org

Project Basic Information

Project Summary: This project uses remote sensing technology (UAVs) to evaluate pollinator habitat on energy and
transportation lands across Minnesota.

Funds Requested: $180,000
Proposed Project Completion: June 30, 2026

LCCMR Funding Category: Small Projects (H)
Secondary Category: Foundational Natural Resource Data and Information (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.

The Monarch Joint Venture (MJV) facilitates a network of stakeholders to achieve widespread conservation action for
multi-species benefits nationwide. To address community information needs and inform future strategies and priorities,
we must evaluate the availability and quality of grassland habitats across land use sectors and the monarch range. A
critical component in measuring monarch conservation progress is quantifying milkweed host plants and nectar
resources. These key metrics inform assessment and associated decision making surrounding species conservation. In
particular, these include the potential listing for monarchs under the Endangered Species Act and an associated
mechanism, the Monarch Candidate Conservation Agreement with Assurances (CCAA) for Energy and Transportation
Lands.

To achieve a meaningful inventory of monarch habitat, we need to establish current baseline conditions and track
progress towards the community goal of 1.8 billion milkweed stems added to the landscape throughout the range of the
eastern North American population. Current tracking and monitoring efforts are costly and not operating at the scale
required. To overcome these barriers, we have developed and implemented remote sensing tools that are cost-
effective, scientifically valid, provide significant opportunities for expanded applications, and are easy to deploy at a
much grander scale than current realities.

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.

MJV and their technology partner, Simple Business Automation (SBA), completed a process to identify common
milkweed (Asclepias syriaca) from UAV images. SBA’s software platform and tool allows commercial drone operators to
program flights, collect data (images) via standard procedures, and process those images to produce milkweed density
reports, with a nectar resource analytic available by summer 2024. The milkweed algorithm can recall 80% of the
milkweed plants in an image with a precision of nearly 93%. We are proposing to utilize and expand this technology.

Building upon datasets being gathered during 2023-2024 on public and private lands in Minnesota, this project will
evaluate energy and transportation rights of way across the state using the remote sensing platform, and produce
reports compatible with their requirements for enroliment in the Monarch CCAA. Data generated through this project
will inform stakeholder reporting and decision making, feed into state and national models for monarch conservation,
and provide a more comprehensive landscape assessment across Minnesota’s land uses. Additionally, we will collect
machine learning training data and develop at least one algorithm to detect targeted invasive species prioritized by
project stakeholders. Finally, we will host workshops and create training resources for continued use of this technology.

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?

A robust assessment of pollinator habitat on Minnesota’s energy and transportation lands quantifying both common
milkweed and nectar resource availability, complementing a dataset covering public and private lands in Minnesota.

At least one invasive species detection and mapping model added to the remote sensing platform.

Training for project stakeholders for expanded use of remote sensing technology for monitoring pollinator habitat and
invasive species, made available through MJV’s online learning management system.

A quantitative and qualitative review of the measured attributes prepared and made available for use in the state
pollinator report/other uses informed by the Interagency Pollinator Protection Team.



Activities and Milestones

Activity 1: Remote sensing field work on statewide energy and transportation rights of way.
Activity Budget: $138,838

Activity Description:

The project manager and remote sensing specialist will work with the project’s stakeholders to select sites and receive
appropriate permissions and access. At least 70 sites will be selected representing a mix of roadsides, energy ROW, and
solar arrays across the state. The remote sensing specialist will then travel throughout the state of MN to complete two
field seasons of data collection (July-August 2024 and May-August 2025) using cameras mounted on UAVs. Incidental
observations made during surveys, including the existence of pollinators and other species of interest to the land
manager, will be documented through various community science databases as appropriate (e.g., BumbleBee Watch,
iNaturalist, Journey North, Monarch Larva Monitoring Project, Integrated Monarch Monitoring Program).

Data processing, analyses, and report writing will be conducted between field seasons and at project completion. Data
summaries will be provided to landowners for each individual site surveyed, and will be aggregated into a summary
report for broader consumption. Data privacy considerations and restrictions will be documented and honored. Site
reports will include measures of common milkweed (Asclepias syriaca), including the number of stems per acre, total
number, and the percent coverage of blooming nectar resources.

Activity Milestones:

Description Approximate
Completion Date

Stakeholders engaged and field season established July 31, 2024
20 energy and transportation sites surveyed using remote sensing technology during the 2024 field September 30, 2024
season.

Individual and summary reports for 2024 field season prepared December 31, 2024
Stakeholders engaged and 2025 field season is organized. April 30, 2025
50 energy and transportation sites surveyed using remote sensing technology during the 2025 field September 30, 2025
season.

Final reports made available to individual landowners/site managers. December 31, 2025
Summary report for project is generated and made publicly available. January 31, 2026

Activity 2: Develop a new machine learning model for detecting the presence of a targeted invasive
species.
Activity Budget: $13,600

Activity Description:

The Project Manager and Remote Sensing Specialist will work with project stakeholders (MnDOT, East Central Energy,
Enel Green Power, Connexus and others) to create a prioritized list of desired machine learning algorithms to develop
for invasive species detection, mapping, and management. The highest priority species will be targeted for this project,
while the remaining species will be prioritized for future projects.

The MJV maintains a research development team through its staff and partners to guide the scientific design of model
development and ground truthing and works with machine learning engineers on technology development. We will
work with this team to design and implement the new invasive species model development. The remote sensing
platform will also facilitate a self-propelled model development platform where we can upload images and produce the
annotations necessary to advance machine learning.



After collecting training and ground truthing data and annotating images collected during each field season, we will have
a well functioning algorithm for a common invasive species that can be used to map and quantify problem areas on the
landscapes. Finally, we will reprocess the images collected during each field season to evaluate them according to the
invasive species model (vs. milkweed and nectar models).

Activity Milestones:

Description Approximate
Completion Date
Stakeholders engaged and priority list of invasive species developed. September 30, 2024
Initial training and ground truthing data for invasive species model gathered. September 30, 2024
Training data annotations complete. January 31, 2025
Machine learning model developed and incorporated into remote sensing software platform. May 31, 2025

Activity 3: Live and asynchronous training for expanded, long-term adoption of remote sensing
technology by state stakeholders.

Activity Budget: 527,562

Activity Description:

The Remote Sensing Specialist will host in-person field-day workshops as they conduct their statewide surveys, inviting
local and regional stakeholders and interested conservation staff to shadow and participate in pollinator habitat
monitoring with UAVs. In the off season, the Specialist will develop asynchronous, virtual training for use of the remote
sensing platform. A syllabus will be created for training needs based on stakeholder input and engagement and may
include videos, presentations, FAQs, research articles, and guides for UAV and software application. Virtual training and
online learning modules will be available via MJV’s online learning management system to ensure continued opportunity
for increased engagement. Through these in person and virtual trainings we anticipate an additional 5-20 trained UAV
operators implementing data collection on ROW in MN in subsequent years. To disseminate this information more

broadly, our work with remote sensing on energy and transportation ROW will be included as a topic in MJV’s monthly
Monarch Conservation Webinar Series.

Activity Milestones:

Description Approximate
Completion Date

One in-person stakeholder training completed during the 2024 field season. September 30, 2024

Two to three in-person stakeholder trainings completed during the 2025 field season. September 30, 2025

Asynchronous learning modules available through MJV's online learning management system. June 30, 2026

Webinar held to disseminate project results. June 30, 2026




Project Partners and Collaborators

Name Organization Role Receiving
Funds
Rob Davis Connexus Representing the solar and energy sector, Rob has been a leading partner at No
Energy engaging the solar industry in pollinator conservation in Minnesota. Rob would
serve as a connector and innovator to help us select and access habitat sites on
solar arrays and encourage additional participation from the energy sector.
Chris Smith Minnesota MnDOT has been a valued partner in MJV's efforts to develop tools for roadside No
Department of | managers to assess and prioritize habitat. MnDOT has also developed targets for
Transportation | pollinator habitat conservation efforts in MN and would help us select
appropriate roadside habitat for remote sensing surveys.
Alicia Kroll East Central As East Central Energy's manager of their Monarch CCAA agreement, Alicia No
Energy would help ensure access to habitat sites for evaluation on ECE's rights of way
throughout the state.
Jesse Puckett Enel Green Jesse would serve as our contact at Enel North America to help us select and No
Power access solar sites for remote sensing surveys in Minnesota, and encourage
broader adoption of this habitat and evaluation technique across Enel's national
projects in the future.
Greg Emerick Simple Simple Business Automation is the MJV's technology partner who has developed | Yes
Business the software platform used in this project. SBA will help process field data
Automation (project funds) and facilitate development of a new software to detect a selected
invasive species (financed through match).

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?
Unless restricted by the landowner, data will be available to researchers and conservation stakeholders. Minimally, a

summary report presenting scientific findings of the project will be published on the MJV website. We'll ensure project
stakeholders have the resources and knowledge to continue habitat surveys, with training videos available on MJV’s
online learning system for long-term access. The common milkweed, nectar availability, and invasive species algorithms
will be available for future use by energy/transportation companies, government agencies, and the public. As
functionality expands, the remote sensing platform will be used more broadly by commercial stakeholders increasing
sustainable revenue generation.

Project Manager and Organization Qualifications

Project Manager Name: Wendy Caldwell
Job Title: Executive Director

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

Caldwell brings fifteen years of professional experience in monarch conservation. While pursuing environmental science
and entomology at the University of Minnesota, she worked as a coordinator for several initiatives at the University’s
Monarch Lab. Through her history there, she managed laboratory activities, aided in graduate student research,
coordinated community science efforts, supported planning and teaching for professional development opportunities
for teachers, and organized local, national, and international meetings. In 2013, she became the coordinator of the
national Monarch Joint Venture partnership based at the University. In this role, she successfully grew the partnership
from 30 organizations nationwide to over 120 today, and increased staff capacity for the program from one half-time
position to 17 full-time employees, and 8 seasonal positions. From 2017-2019, she led the MJV through a period of
growth and transition and facilitated the extraction of the program from the University to become a standalone
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nonprofit. Caldwell led the transition from the University while managing staff to maintain program operations as usual,
and while simultaneously setting up the 501c3 nonprofit. In directing the efforts of the MJV and its staff, she has a rich
history with building relationships and driving collaboration with many different stakeholders in Minnesota and across
the country. Growing up on a farm in west central Minnesota, she also brings a history and understanding of
Minnesota’s landscape and farming culture, an important aspect in building diverse partnership and collaboration across
the state. She has been involved with monarch conservation research ranging from cold and heat tolerance, survival and
parasitism, habitat quality and quantification, and artificial intelligence. A well-balanced career of partnership building,
coordination and facilitation, research, education, habitat development, and administration makes Caldwell an ideal
manager to lead this effort.

Organization: Monarch Joint Venture

Organization Description:

Since 2009, MJV has brought together partners from across the country in a unified effort to conserve the monarch
migration. This diverse partnership includes government agencies, NGOs, businesses, and academic institutions that
work together to implement science-based conservation actions through education, habitat, and research. As the
leading authority for monarch conservation in the U.S., MJV maintains a Monarch Conservation Implementation Plan,
which serves as a framework to guide conservation planning for stakeholders nationally. Extending beyond the benefits
to monarch butterflies, the MJV’s mission includes leveraging the charisma of the monarch butterfly to build
collaboration and bring together efforts to address a variety of environmental concerns through grassland restoration.

The MJV leads multiple nation-wide monitoring efforts including the Integrated Monarch Monitoring Protocol (IMMP),
the Monarch Larva Monitoring Project (MLMP), and the nascent remote sensing program for precision conservation.
Their work with remote sensing began in 2019 and has already developed a protocol for common milkweed detection
that is 93% accurate at a recall rate of 80%. Leveraging the organization’s expertise and active collaborations, MJV sees
an opportunity to expand the role of remote sensing for pollinator habitat evaluation and management on Minnesota’s
roadsides, energy rights of way, and beyond.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Project Manages Remote Sensing Specialists and provides 26% | 0.5 $39,375
Manager technical science support, including site selection
(technical criteria, data analysis, and report writing.
science)
Remote Organizes and conducts remote sensing field work, 26% | 1.5 $118,125
Sensing facilitates in-person workshops for project
Specialist stakeholders, develops online training materials on
the use of remote sensing technology, and organizes
and annotates data (images) for new machine
learning algorithm.
Sub $157,500
Total
Contracts
and Services
Simple Professional Data processing of the data (images) collected during 0 $4,000
Business or Technical two remote sensing field seasons.
Automation Service
Contract
Sub $4,000
Total
Equipment,
Tools, and
Supplies
Tools and Extra UAV battery (2), 3-ring binders (2), pencils (5), For use during remote sensing field $490
Supplies first aid kit (1) surveys.
Sub $490
Total
Capital
Expenditures
Sub -
Total
Acquisitions
and
Stewardship
Sub -

Total




Travel In

Minnesota
Miles/ Meals/ | Mileage reimbursement at the current IRS rate of For the Remote Sensing Specialist to $8,515
Lodging $0.655/mile and anticipating 4,500 miles of travel in drive throughout the state to conduct
2024 and 8,500 miles of travel in 2025. field surveys.
Miles/ Meals/ | 30 nights of lodging at $140/nights Lodging for Remote Sensing Specialist $4,200
Lodging while traveling long distances for field
surveys.
Miles/ Meals/ | Standard MN per diem rate of $59/day for 60 days. Per diem (meals and incidentals) for $3,540
Lodging the Remote Sensing Specialist while on
multi-day trips during the field season.
Miles/ Meals/ | 4 nights of lodging at $140/night. Lodging for Project Manager during $560
Lodging field season check-in.
Miles/ Meals/ | Mileage reimbursement at the current IRS rate of For Project Manager to travel to survey $200
Lodging $0.655/mile and anticipating 305 miles of travel, sites during field season check-in.
rounded to the nearest dollar.
Miles/ Meals/ | Standard MN per diem rate of $59/day for 5 days. Per diem (meals and incidentals) for $295
Lodging the Project Manager while on the field
season check-in.
Sub $17,310
Total
Travel
Outside
Minnesota
Other 1 round trip flight between Michigan and Minnesota. Travel (flight) for the Project Manager $500
(based in MI) to conduct a field season
check-in on site in MN.
Sub $500
Total
Printing and
Publication
Printing 500 double-sided and hole punched paper datasheets | For use by the Remote Sensing $200
over two field seasons, at $0.40/page Specialist while conducing field
surveys.
Sub $200
Total
Other
Expenses
Sub -
Total
Grand $180,000
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

Cash Mixed corporate and family foundation support Machine learning algorithm/software development for targeted invasive | Potential $120,000

species.

Non State $120,000
Sub Total
Funds $120,000
Total
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Attachments

Required Attachments

Visual Component
File: 86a2d775-a9c.pdf

Alternate Text for Visual Component

UAV hovering over a flowering field demonstrating how we will evaluate pollinator habitat; solar panels behind common
milkweed demonstrating how we will engage the energy and transportation sector; aerial image with red boxes drawn
around the species the algorithm is being trained to detect demonstrating our machine learning process....

Financial Capacity
File: 364fce39-3bb.pdf

Board Resolution or Letter

Title File
MJV Board Resolution Letter b29b3982-37b.pdf

Optional Attachments
Support Letter, Photos, Media, Other

Title File

East Central Energy Letter of Support 77465294-aa8.pdf
Enel North America Letter of Support 6814fc64-2aa.pdf
MN Dept. of Transportation Letter of Support 1lab4c0a0-7e3.pdf
University of lllinois Chicago, Energy Resource Center Letter of | ad4cfb9b-7ae.pdf
Support

US Geological Survey Letter of Support b78febcl-e92.pdf

Administrative Use

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

Does your project have potential for royalties, copyrights, patents, or sale of products and assets?
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? If
so, describe here:

Yes, There may be the potential for future revenue resulting from the development of a new remote sensing
tool to detect a targeted invasive species (Activity 2). The funding for the software development will come from other
sources, but some staff time will be spent developing the machine learning technology that will be housed in the
commercially licensed software owned and managed by our technology partner Simple Business Automation. Any
revenue that MJV would potentially receive in the future from commercial use of this software would be reinvested in
continuing to grow and support our remote sensing program for monarch and pollinator conservation.

12



https://lccmrprojectmgmt.leg.mn/media/map/86a2d775-a9c.pdf
https://lccmrprojectmgmt.leg.mn/media/financial_capacity/364fce39-3bb.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/b29b3982-37b.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/77465294-aa8.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/6814fc64-2aa.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/1ab4c0a0-7e3.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/ad4cfb9b-7ae.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/b78febc1-e92.pdf

Does your project include original, hypothesis-driven research?
No

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

Does your project include the design, construction, or renovation of a building, trail, campground, or other capital
asset costing $10,000 or more?
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?
No
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