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. Great Lakes Water Levels (1918-2021)
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The monthly average levels are based on a network of water level gages located around the lakes.
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Elevations are referenced fo the Intemational Great Lakes Datum (1985).

Water levels have been coordinated through 2020. Values highlighted in gray are provisional.
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Lake Michigan-Huron Water Levels

— 582.35

— 580.71

— 979.07

— 577.43

1999

2002

2005

2008

2011

2014

2017

2020

575.79

feet



Ludington/
Pentwater

Miami Park

St Joseph



StM (Structure from Motion)

3D-Model*, ,* \




Image Acquisition

2017: DJI Phantom 3 Pro (July)
2019: DJI Phantom 3 Pro, DJI Mavic Enterprise (July, August, Sept, Oct)
2021: DJI Phantom 4 Pro, DJI Mavic Enterprise (July)

Propeller Ground Control Points (2019,2021)
* 4 Hour data collection
* Corrected to CORS network

Processed in
e Agisoft
* Drone Deploy

Analysis

* Cloud Compare
* USGS R routines
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2019 Data Aquisition
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Difference (m)
on bluff surface normals 95%LC.I.

O BIuff top, automatic R code
O Bluff toe, automatic R code

Lidar 2012 RMSEv =0.15m
SfM 2019 RMSEv = 0.02 m
Cumulative RMSEv =0.1514 m
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Miami Park, M|
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Conclusions

* UAV SfM highly effective in examining specific bluff failure
locations

* High Lake levels removed large amounts of material at base
of bluff

* Following toe removal, in-bluff characteristics impact how
bluff continues to respond
* Seeps
* Impermeable layers
* Sewage drainage (septic vs treatment plant away from bluff)
* Saturation/ pore pressure



Acknowledgements

* Field Assistance

* Garrett Link

* Delaney Melnik
Karem Abdelmoshen
Guzalay Sataer
Hannah Pankratz
Yanni Philopoulos
e Sarah Kuntzman
Sarah Hayes
Matthew Bell
Muthanna Yagoob
Evangelina Murgia

Funding provided through the
USGS National Cooperative
Geologic Mapping Program,

Great Lakes Geologic Mapping
Coalition funding for Bluff
resiliency and mapping, 2020-
21.



