Modeling Muskegon Lake — A Freshwater Estuary under Stress
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Introduction Data and Methods: High-Resolution Numerical Model Process-Oriented Experiments
. TSR : To test cold water intrusion’s response to river discharge, width of
Muskegon Lake, a freshwater estuary located on the eastern shore SCHISM: Semi-implicit Cross-scale Hydroscience Integrated System Model oo ) I _ " Rty I'
—_ developed by Joseph Zhang in VIMS (Zhang et al., 2011 navigation channel, and winds with different directions and amplitudes,
of Lake Michigan, ped by p g ( g ) e carried out:
» Experiences water qualify degradation caused by extensive Simulate the year of 2016 driven by the Muskegon River and Bear Creek . . . . . .
shoreline filling and sediment contamination: (USGS), Atmospheric Forcings (NOAA GLCFS ), and Offshore Conditions Experiments with normalized river discharges of 0.5, 1, 2, 3 and 4 for

from Lake Michigan (NOAA LMHOFS). the intrusion event at the beginning of Sep.;
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* Is impacted by Harmful Algal Blooms (HABs) and hypoxia;

» |Is designated as EPA Area of Concern (AOC) and a NOAA
Habitat Blueprint Focus Area.

*Experiments with normalized navigation channel widths of 1, 2 and 3;
‘Experiments with different winds’ directions and strengths (not shown).
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Normalized River Discharge 0.5 20 m3/s Normalized River Discharge 1 40 m3/s
Time: 05-Sep-2016 12:00:00 Time: 05-Sep-2016 12:00:00

The Muskegon Lake can serve as a microcosm of the water quality
Issues found in other larger lakes and coastal estuaries.

GOALS:

» Understand the physical dynamics of Muskegon Lake including
cold water intrusion from Lake Michigan;
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Normalized River Discharge 2 80 m3/s Normalized River Discharge 3 120 m3/s

° Understand the eCOlOgICal dl’lVGfS Of MUSkegOn Lake 42.95 861.7 &;-6 &;-5 86'.4 8é.3 — Time: 05-Sep-2016 12:00:00 Time: 05-Sep-2016 12:00:00
Longitude (°W) ongitude (W) 43.26
Figure 3. SCHSIM Model Configuration for the study of Muskegon Lake with Horizontal
Muskegon Lake Bathymetry: Resolutions of 26 m to 3 km, 20 Vertical Layers, 30914 Nodes and 60193 Elements.
Data source: sounding data from NOAA bathymetry and global relief 43.22
(ngdc.noaa,gov) and NOAA Electronic Navigation Charts
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: ' _ Surface Gurrents Comparison at the Station In Lake Michigan discharges of 0.5, 1, 2, 3 and 4, and the corresponding changes in water
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Figure 1. Location and Bathymetry of Muskegon Lake with the l i | i i :
Observational SiteS marked in MUSkegon Lake_ 02-May-2016 02-Jun-2016 02-Jul-2016 02-Aug-2016 02-Sep-2016 02-Oct-2016 02-Nov-201€ 43.94
) - Temperature Comparison at Station CHAN in the Navigation Channel o
Data and Methods: Observations i Obs. Surface T Figure 4. Model validation
Obs. Bottom T || 1 1 432
Muskegon Lake Observatory Buoy ( ) has = vod surace || LNFOUgh comparisons with b
. . . . o Mod. Bottom T observations at the Timo: 05-86p-2016 120000 e |
delivered high-frequency meteorological and water quality data 5. o -, 2 05 [ | o waskogon Lok s Loke ichigan
. 5 stations in Lake Michigan 12 .| | === tuakegon Lake Net
throughout the water column from Apr/May to Nov/Dec since 2011 2 o and Muskegon Lake 13
(Biddanda et al., in review). ¢ | | ol —
Historical observations in Muskegon Lake (as marked in Figure 1), 0 L 1 |5 o —
. . . . . . . Q‘\,‘° 0'\,“3 Q‘\,‘° Q‘\,‘° Q‘\,b 5 OFf —
including seasonal shipboard monitoring since 2003 (Steinman et o S & & P | A L | | |
. . . . ' Q 86.35 86.3 86.25 0.5 1 2 3 4
al., 2008), lake-wide test profiles (magenta circles) since 2011, —— T — Normalized Navigation Channel Width
ADCP (squares) and Temperature (ellipses) moorings deployed in : . B
2017, provide valuable information for investigating the ecosystem Model Results: Cold Water Intrusion from Lake Michigan Figure 7. Bottom temperature for the experiments with normalized navigation
and hydrodynamics of Muskegon Lake.. a) Bottom Temperature at the Beginning of September . channel widths of 1, 2 and 3, and the corresponding changes in water
Temperature (°C) at GVSU Buoy 4398 02-Sep-2016 04-Sep-2016 06-Sep-2016 I ex Change.
o/ Surl- Temp. —i Conclusions
o |, < Cold water intrusion has a control of DO-enrichment of the
| estuary;
‘ 1208 08-Sep-2016 10-Sep-2016 12-Sep-2016 1 < Intrusion length of offshore waters and frequency of flushing
3 ) events can be reduced as a result of increased precipitation,
119 o . . . .
signaling a key feature of possible future water quality
w0, 00 04 atGVSl Buoy . conditions under a changing climate;

“ Cold water intrusion is regulated by the navigation channel
A~ A 43.28 14-Sep-2016 16-Sep-2016 18-Sep-2016 17 width, winds and stratification, which allows us to extend the

DO (%)

g 43.26 study to other coastal systems.
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Longitude (°W) Longitude (°W) Longitude (°W) *Implement more realistic groundwater sources;

Fi 2. Te t d dissolved DO) ob i f th
Gl%rg Musizgg,gaf;feagbse'f\f;gg BOL),(())/}? on (DO) observations from the b) *Couple ecological model (CoSIiNE; Chai et al., 2002) with the

10 e __ | hydrodynamic model to study HABs and hypoxia in Muskegon Lake.
For example, the episodic occurrence of bottom cold water at GVSU er” — . R - Acknowledgements
Buoy 1S hlghly correlated with the increase of DO concentration e o Ser e st oSepEe Hroeee oo e
(Weinke et al., 2017). The further study requires a high-resolution Figure 5. a) Bottom temperature at the beginning of September showing the cold water Funding: CIGLR Postdoctoral Fellowship; EPA and CIGLR Lake Sentinel
numerical model. intrusion during upwelling-favorable winds; b) Winds in September 2016. Buoy Grant
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