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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-518 

Proposal Title: Protecting Minnesota Rivers from Polar Vortex Flood Risk 

 

Project Manager Information 
Name: Ghanesh Narasimhan 

Organization: U of MN - St. Anthony Falls Laboratory 

Office Telephone: (443) 691-4959 

Email: naras062@umn.edu 

 

Project Basic Information 
Project Summary: This project develops a physics-guided machine learning model and public dashboard that predicts 
polar vortex-driven spring flood risk for Minnesota's rivers by integrating snowpack and soil frost data. 

ENRTF Funds Requested: $267,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Small Projects (G) 
 Secondary 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 
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Narrative 
Describe the opportunity or problem your proposal seeks to address. Include any relevant background information. 

Minnesota’s flood forecasting tools are blind to a critical danger of polar vortex winters: the soil frost state. Prolonged 
extreme cold drives frost to exceptional depths, creating “concrete frost” where ice-saturated pores render the land 
surface impervious. Spring meltwater cannot infiltrate, producing rapid, high-volume overland flow that overwhelms 
stream channels. 
 
The January 2026 polar vortex illustrated this risk, driving record frost depths of 25–35 inches across both basins. While 
low snowpack limited actual flooding, this near-miss exposes a threshold problem: current National Weather Service 
(NWS) and DNR models treat all winters as equivalent and fail to account for antecedent frost depth. After polar-vortex 
winters, spring peak flows on the Minnesota and Red Rivers are routinely underpredicted. 
 
This project uses a 20-year ground record and historical extremes (for example, 2009 and 2011) to train a Physics-
Guided Machine Learning model. By differentiating frost-shallow winters from flood-primed, concrete-frost winters, the 
model provides water resource engineers with precise risk thresholds that operational forecasts currently lack, closing a 
forecasting gap that puts Minnesota’s 92,000 miles of rivers and the communities they sustain at measurable risk. 

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. 

We propose developing a flood modeling framework that captures the atmospheric history of polar vortex events and 
their consequences for soil frost and snowmelt partitioning. The framework uses NOAA HYSPLIT back-trajectory analysis 
to trace each Arctic air mass from its origin through its southward journey to its arrival over Minnesota, extracting 
features that characterize the severity of cold events and their impact on subsurface conditions. This project will apply 
that framework to Minnesota’s two most flood-vulnerable basins, the Minnesota River and the Red River of the North, 
and build a publicly accessible Polar Vortex Snowpack Flood-Risk Dashboard. By mid-March each year, before snowmelt 
begins, the dashboard will provide DNR Waters Division and MPCA staff a 4–8 week advance probabilistic forecast of 
spring runoff volume, peak discharge, and time-to-peak, identifying which watersheds are flood-primed by concrete 
frost before meltwater moves. Unlike current NWS spring outlooks, which treat all winters equivalently, this dashboard 
explicitly resolves concrete frost depth, delivering improved watershed-specific risk thresholds. The deliverable is a 
practical decision-support tool that will be tested with DNR and MPCA staff during the 2030 spring flood season. 

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?  

This project will deliver: 
1. A Physics-Guided Machine Learning flood-risk model trained on a 20-year ground record and validated against 
USGS streamgage data for the Minnesota and Red River basins. 
2. A publicly accessible Polar Vortex Snowpack Flood-Risk Dashboard delivered to the Minnesota DNR Waters 
Division and MPCA, enabling 4–8-week advance identification of flood-primed watersheds. 
3. Trained DNR and MPCA staff are able to act on dashboard outputs to protect riparian habitat, wetlands, and 
water quality ahead of high-risk melt seasons. 
4. Peer-reviewed publications on polar vortex concrete-frost dynamics. 
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Activities and Milestones 

Activity 1: Snowpack Record Assembly and Event Classification 
Activity Budget: $85,000 

Activity Description:  
Activity 1 assembles a 20-year (2006–2026) event-tagged record of polar vortex snowfall and soil frost conditions across 
the Minnesota River and Red River of the North basins. Daily snowpack and snow water equivalent data from the NWS 
Cooperative Observer network and the Minnesota DNR State Climatology Office form the backbone of the record. The 
20-year span is essential to capture a representative sample of low-frequency, high-impact polar vortex winters. This 
window ensures the Neural Network in Activity 2 encounters sufficient diversity in concrete frost depths and air-mass 
characteristics to generalize reliably across flood-risk scenarios. 
 
Each snowfall event will be classified as polar vortex or standard using NOAA atmospheric reanalysis and HYSPLIT back-
trajectory analysis to identify Arctic air mass incursions into Minnesota. Soil frost depth records from the MN DNR, the 
NWS North Central River Forecast Center, and USDA networks will be compiled alongside snowpack data to capture the 
infiltration-blocking effect of concrete frost during polar vortex winters. 
 
The project manager and undergraduate research assistant will lead data assembly, quality control, and visualization, 
producing a twenty-year event-tagged database, with matched snowpack, atmospheric trajectories, and soil frost 
records, that anchors the model built in Activity 2. 

Activity Milestones:  

Description Approximate 
Completion Date 

All snowfall events classified as polar vortex or non-polar vortex; HYSPLIT trajectories computed June 30, 2028 
Twenty-year snowpack, trajectory, and soil frost database assembled and quality-controlled for both 
basins 

March 31, 2029 

Activity 1 technical report and database documentation finalized June 30, 2029 
 

Activity 2: Physics-Guided Machine Learning Model Development and Validation 
Activity Budget: $95,000 

Activity Description:  
Activity 2 builds and validates a Physics-Guided Machine Learning (PGML) model that translates polar vortex air mass 
history and soil frost state into 4–8 week advance spring flood forecasts, issued by mid-March before snowmelt begins. 
NOAA HYSPLIT back-trajectory analysis reconstructs the travel history of each Arctic air mass arriving over Minnesota, 
extracting three physics-derived features: cumulative Cold Degree Days during transport, integrated moisture flux, and 
an Arctic Origin Index capturing source-region characteristics. These features, combined with local observations of 
surface temperature, humidity, snow water equivalent, and soil frost depth, all available from existing NWS and DNR 
networks, serve as inputs to a feed-forward Neural Network trained on the full 20-year ground record. The 20-year span 
ensures the model encounters a statistically significant range of polar vortex intensities and concrete frost depths, 
building robust generalization across flood-risk scenarios. All inputs are standard ground observations, ensuring the 
operational model can be run directly by DNR and MPCA staff without any additional specialized infrastructures. The 
model predicts spring runoff volume, peak discharge, and time-to-peak. Validation benchmarks PGML predictions 
against USGS stream-gage records and NWS operational forecasts for both basins. The Project Manager will lead model 
development, with inputs from other team members. 

Activity Milestones:  



4 

Description Approximate 
Completion Date 

HYSPLIT-derived air-mass feature set optimized for PGML model integration December 31, 2028 
PGML Neural Network (NN) trained and cross-validated on 20-year event database June 30, 2029 
Model skill benchmarked against USGS streamgage records and NWS operational forecasts December 31, 2029 
Activity 2 technical report delivered; findings presented to NWS Twin Cities and DNR Waters Division March 31, 2030 

 

Activity 3: Dashboard Development, Deployment, and Partner Training 
Activity Budget: $87,000 

Activity Description:  
The final activity transforms the validated PGML model into a working, publicly accessible tool that Minnesota's water 
resource agencies can use every winter and spring. The Polar Vortex Snowpack Flood-Risk Dashboard will ingest current 
snowpack and snow water equivalent observations, soil frost depth data, and NOAA HYSPLIT trajectory data 
automatically after each significant polar vortex event, run the validated PGML model, and display results as a color-
coded map of Minnesota's watersheds. For each watershed in the Minnesota and Red River basins, the dashboard will 
report predicted spring runoff volume, peak discharge, time-to-peak, and a plain-language flood-risk level, Low, 
Elevated, or High, calibrated to trigger specific preparedness actions by agency staff. The project manager will lead 
technical development and integration testing; the computer scientist will support interface design and documentation. 
The dashboard will be delivered at the end of the project to the Minnesota DNR Waters Division and MPCA for 
operational use, and other stakeholders. Partner training will be delivered through two half-day workshops in spring 
2030, one in person and one virtually. The latter will be recorded for those who cannot make either.  Results will be 
presented at the Minnesota Water Resources Conference in October 2029. 

Activity Milestones:  

Description Approximate 
Completion Date 

Dashboard prototype complete; beta testing initiated with DNR and MPCA staff September 30, 2029 
Dashboard live and tested in real time against 2030 spring flood season April 30, 2030 
Partner training workshops delivered to DNR Waters Division and MPCA staff May 31, 2030 
Final report, user guide, and peer-reviewed manuscript submitted; dashboard formally transferred to 
DNR 

June 30, 2030 
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Project Partners and Collaborators 
Name Organization Role Receiving 

Funds 
Lian Shen University of 

Minnesota 
Co-PI Yes 

 

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.  
Findings will be shared through a peer-reviewed journal submission (Water Resources Research, June 2030) and 
presented at the Minnesota Water Resources Conference (October 2029). The twenty-year database will be archived in 
the University of Minnesota Data Repository (DRUM) following FAIR data principles. The Polar Vortex Snowpack Flood-
Risk Dashboard will be publicly accessible online and transferred to the Minnesota DNR Waters Division with a full user 
guide. All publications, presentations, and digital products will acknowledge the Environment and Natural Resources 
Trust Fund using the trust fund logo and attribution language per ENRTF Acknowledgement Requirements and 
Guidelines. 

 

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?  
The Polar Vortex Snowpack Flood-Risk Dashboard can be maintained and operated by the Minnesota DNR Waters 
Division after project close, using the agency’s existing data infrastructure. No new systems or ongoing grant funding are 
required for continued operation. MPCA watershed staff will be able to use dashboard outputs to prioritize riparian 
buffer restoration and water quality response pre-positioning in advance of high-risk spring melt seasons. As more polar 
vortex events may occur in the future, this tool will become increasingly valuable over time, providing lasting protection 
for Minnesota’s rivers, wetlands, and the communities that depend on them. 

Project Manager and Organization Qualifications 
Project Manager Name: Ghanesh Narasimhan 

Job Title: Postdoctoral Associate 

Provide description of the project manager’s qualifications to manage the proposed project.  
Ghanesh Narasimhan is a Postdoctoral Associate at the St. Anthony Falls Laboratory (SAFL) within the College of Science 
and Engineering at the University of Minnesota. He earned his Ph.D. in Mechanical Engineering from Johns Hopkins 
University in 2023. Prior to his doctoral studies, he completed a Master's by Research in Earth Sciences at the Indian 
Institute of Science (IISc) and a Bachelor's degree in Mechanical Engineering from the National Institute of Technology, 
Tiruchirappalli. Dr. Narasimhan is a specialist in atmospheric fluid dynamics and computational modeling, with a focus 
on how complex atmospheric processes impact natural and engineered systems. His technical expertise includes high-
fidelity Large-Eddy Simulations of atmospheric boundary layer flows, machine learning-augmented turbulence modeling, 
and the development of analytical models for wind energy and geophysical applications. He has a strong record of 
disseminating research through high-impact, peer-reviewed publications in journals such as the Journal of Fluid 
Mechanics, Physical Review Fluids, and Boundary-Layer Meteorology. His work on machine learning-accelerated Large-
Eddy Simulation of transitional flows was selected as an Editor's Suggestion in Physical Review Fluids (2021), and his 
article on analytical wake modeling was featured in the Journal of Renewable and Sustainable Energy. Dr. Narasimhan 
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has extensive experience managing complex computational research tasks, utilizing high-performance computing 
resources at the Minnesota Supercomputing Institute, NCAR, and the Advanced Research Computing facility at Johns 
Hopkins, and mentoring junior graduate and undergraduate researchers. 

Organization: U of MN - St. Anthony Falls Laboratory 

Organization Description:  
The St. Anthony Falls Laboratory (SAFL) is the University of Minnesota's premier research institute for fluid mechanics 
applied to natural and engineered water systems. Founded in 1938 and located on the Mississippi River at St. Anthony 
Falls in Minneapolis, SAFL conducts research on rivers, lakes, watersheds, atmospheric flows, and water infrastructure 
that directly serves Minnesota's natural resource managers, water utilities, and state agencies. SAFL faculty, research 
scientists, and students have partnered with the Minnesota DNR, the Minnesota Pollution Control Agency, the U.S. Army 
Corps of Engineers, and the National Weather Service on projects ranging from flood forecasting and streambank 
erosion to water quality and shoreline protection. SAFL is home to one of the largest university-owned hydraulics 
research facilities in the world. The University of Minnesota has the administrative infrastructure, financial management 
systems, and research compliance programs required to manage ENRTF grants. University of Minnesota projects attach 
a Sponsored Projects Administration (SPA) letter in lieu of entering SPA as fiscal agent. SAFL's partnership with the 
University's Minnesota Supercomputing Institute (MSI) provides the high-performance computing infrastructure 
required for this project. 
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Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Project 
Manager 

 Lead PGML model development, HYSPLIT feature 
engineering, validation, partner coordination, 
project reporting 

  28.1% 3  $235,258 

Co-Principal 
Investigator 

 Scientific oversight, model framework guidance, 
stakeholder engagement 

  38.5% 0.03  $13,613 

Undergraduate 
Research 
Assistant 

 Data collection, quality control, visualization   0% 0.5  $3,468 

Computer 
Scientist 

 Assist with software development, dashboard 
interface design, and documentation 

  34.9% 0.5  $12,472 

       Sub 
Total 

$264,811 

Contracts and 
Services 

        

       Sub 
Total 

- 

Equipment, 
Tools, and 
Supplies 

        

       Sub 
Total 

- 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

       Sub 
Total 

- 

Travel Outside 
Minnesota 
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       Sub 
Total 

- 

Printing and 
Publication 

        

       Sub 
Total 

- 

Other 
Expenses 

        

  Non-capital equipment Computer data storage, archiving the 
data generated in this project and 
data sharing 

    $2,189 

       Sub 
Total 

$2,189 

       Grand 
Total 

$267,000 
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Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or 

Type 
Description Justification Ineligible Expense or Classified Staff Request 
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Non ENRTF Funds 
Category Specific Source Use Status Amount 
State     
   State Sub 

Total 
- 

Non-State     
In-Kind Unrecovered F&A Support of SAFL facilities where research will be conducted Secured $144,173 
   Non State 

Sub Total 
$144,173 

   Funds 
Total 

$144,173 

 

Total Project Cost: $411,173 

This amount accurately reflects total project cost? 
 Yes 

  



11 

Attachments 

Required Attachments 
Visual Component 
File: 46c01d4c-82e.pdf 

Alternate Text for Visual Component 
A four-stage workflow showing Arctic air-mass tracking into Minnesota, snowmelt redirected by an impermeable 
concrete frost layer, a Physics-Guided Machine Learning model predicting spring runoff volume, peak discharge, and 
time-to-peak from ground observations, and a color-coded Minnesota River Basin dashboard enabling 4–8 week 
advance flood forecasts.... 

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

Title File 
UMN Sponsored Projects Administration Letter 88975f4d-b15.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?  
 No 

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

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?  
 N/A 

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, 

https://lccmrprojectmgmt.leg.mn/media/map/46c01d4c-82e.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/88975f4d-b15.pdf
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treatment, education, training, instruction, or recreation to children")? 
 No 

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

 Ben Vargas, Sponsored Projects Administration 

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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