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Abstract

Along the east coast of Lake Michigan, shallow to intermediate depth landslides are influenced by lake water levels, bluff
ground water saturation, and lithology. The bluffs are composed of unconsolidated glacial tills interbedded with / overlain by
glaciodeltaic sand and lacustrine silt and clay. These bluffs are experiencing toe erosion due to lake level rise, surface erosion,
creeping, and slumping due to water runoff and seepage. Lake Michigan water levels rose after 2013 following a below average
period (71999-2013), peaking at record levels in 2019-2020 before falling slightly in 2021. This rise accelerated bluff toe erosion,
and longshore currents rapidly removed the sediment and redistributed it along the coast. Recent bluff failures have brought
media attention due to real estate and roadway losses. Many property owners have chosen to armor the shoreline to prevent
further erosion. This study is focused on 3 sites: (1). a 1.9 km stretch along Lakeshore Dr. in St. Joseph (SJo), MI; (2).
a 2 km stretch of subdivisions centered on Miami Park (MP), MI; and {3). a 1 km stretch of natural vegetated area north
of a water reservoir near Ludington (LU), MI. All sites have active groundwater seepage at clay layer contacts on the bluff
faces. Nadir and obliques photos obtained in July 2019 and 2021 using Unmanned Aerial Systems (UAS) have shown that all
sites experienced erosion, landslides, and bluff top retreat. SJo site has dense vegetation on the bluff face but recent failures
have removed vegetation and sediment along the face slope. MP area experienced significant bluff retreat, despite toe armoring
with large boulders along several sections. At a Nature Preserve (MP), the bluff top retreated as much as 5-10m, with loss
of vegetation on the bluff face and multiple landslides. LU area had several landslides resulting in both vegetation and land
surface loss. From 2019 t02021, the LU area experienced 177,000 £ 2300 m? of erosion, which indicates a rate of erosion three
times the erosion rate calculated for 2012-2019 (190,000 + 14,000 m3). More than 5m of glaciodeltaic sand were lost during
2019-2021 around a water seep above lacustrine clay with marginal accumulation at the bluff toe, whereas during 2012-2019

toe erosion removed >10m underneath that location, with “5m loss normal to the face.
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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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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
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