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From the Straits of Mackinac to the Arctic



Importance of Ice Covered Lakes: Socio-Economic Factors
Transportation Water Quality



Ice Covered Lake Measurements: The Case for Remote Sensing

Modified from: Duguay 
et al. (2006).

• Ice monitoring networks have disappeared vs. 30 years ago
• Little in situ data, many lakes in remote regions

Source: PROWSE et al., 2011, AMBIO,40:46-52 



Ice Covered Lakes: Microwave Remote Sensing

Microwave Interaction:

(a): Snow volume 

(b): Surface Ice Types 

(c): Grounded Ice 

(d): Floating, rough ice 

(d)



Implications of Ice Cover in the 
Straits of Mackinac

• Straits of Mackinac is critical shipping Lane in ice 
covered season:
• $500 million of commercial traffic

• 85.7 million tons of cargo transported

• 46 million tons of iron ore steel

• US Coast Guard maintains shipping lanes.



Implications of Ice Cover in the Straits of Mackinac
Enbridge’s Oil Pipeline “Line 5”

• Transports 540,000 NGLs daily

• Supplies 35 – 65% of propane 
to MI’s Upper Peninsula

• Originates: Alberta, Canada

• Terminates: Sarnia, Canada

• Crosses Mackinac Straits on 
lake bed parallel to bridge.

Public Concern

• Sparked after 2010: Line 6B 
spilled 840,000 gallons of 
crude oil into Kalamazoo River



Research Context

Modeling oil plumes 
completed for open-water 
conditions by University of 
Michigan & Michigan Tech.

• Worst-case scenarios

• Probable response 
effectiveness

• However no scenarios 
included ice-cover

Source: Schwab, 2016

http://graham.umich.edu/media/pubs/Mackinac-Line-5-Worst-Case-Spill-Scenarios.pdf




Research Questions

Overarching research questions:
• 1. Is there appreciable roughness/topography on the ice underside that could 

serve as a catchment for oil?
• 1.A. Can Ground Penetrating Radar (GPR) quantify roughness at the ice underside?

• 1.B. If so, can we detect under-ice oil releases?

• 2. What is the fate of oil if released in ice-covered conditions?

Source: americanrivers.org

https://www.americanrivers.org/2015/01/yellowstone-oilspill-proving-difficult-to-clean-up/


Experiment Setup in Straits of Mackinac
Working off of the USCG Mackinaw in the 
Straits of Mackinac over Line 5:

• Equipment: MALA 800 MHz Ground 
Penetrating Radar (GPR)
• Retrieve height of snow, and ice depth
• Measurement every 0.05cm

• Validation:
• Snow Depth Measurements (n = 1,220)
• Ice Thickness Observations every 5m on 

transect(n = 45)
• Ice Cores Extracted (n = 4)

• Setup:
• 5 transects parallel to SAR look direction (69



MALA Ice Bottom Topography Retrievals 



Impact & Next Steps

PetoskeyNews.com
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