Version of Record: https://www.sciencedirect.com/science/article/pii/S0380133018301965
Manuscript_ce0078892de1957d06771bb581d9¢cbd7

Recent Water Level Changes across Earth’s Largest Lake System
and Implications for Future Variability

Authors: Andrew D. Gronewold b*, Richard B. Rood®

Affiliations:

®National Oceanic and Atmospheric Administration, Great Lakes Environmental Research
Laboratory, Ann Arbor, Michigan, United States.

PUniversity of Michigan, Department of Civil and Environmental Engineering, Ann Arbor,
Michigan, United States.

“University of Michigan, Department of Climate and Space Sciences and Engineering, Ann
Arbor, Michigan, United States.

IGreat Lakes Integrated Sciences and Assessments (GLISA) Center, Ann Arbor, Michigan,
United States.

*Correspondence to: drew.gronewold@noaa.gov

© 2018 published by Elsevier. This manuscript is made available under the Elsevier user license
https://www.elsevier.com/open-access/userlicense/1.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0380133018301965

Abstract:

Water levels on Lake Ontario, the most downstreatheLaurentian Great Lakes, reached a
record high in the spring of 2017. This event wesoapanied by widespread flooding and
displacement of families. Water levels across falhe Great Lakes have risen over the past
several years following a period of record low levéWhen levels were low, public and expert
discussion focused on the possibility that low Isweould continue into the future due to
climate change, diversions of water from the lakes| dredging. During the current high water
period, variability is being attributed to watermagement, despite evidence of unusually high
precipitation and river flows across the regiomderstanding and communicating the drivers
behind water level variability, particularly in hgof recent extremes, is a fundamental step

towards improving regional water resources managéara policy.

Comment:

The Laurentian Great Lakes in the United StatesCGarthda are the largest system of lakes on
Earth and represent 20% of all fresh surface wdteMay 2017, water levels on Lake Ontario
(the most downstream of the lakes) rose to a refluigtd In the preceding months, water
accumulated rapidly across the region, leadingitssually high flows through the Niagara River
(into Lake Ontario) and Ottawa River (downstreanh@afe Ontario), and resulting in
widespread flooding. This crisis followed a recsgtting rise on the two most upstream Great
Lakes (Superior and Michigan-Huron) and coincideith & period when all of the Great Lakes

were above their long-term average levels (Figyre 1

The transition to high water level conditions begaB013 when Lakes Superior and Michigan-
Huron were at or near record lows (Gronewold & St2@14). At that time, there was a
common perception that diversions and dredginglédo chronic water loss, and that
increasing temperatures and evapotranspiration (¢esai, et al. 2009; Pekel, et al. 2016)
would further exacerbate the problem. The puldimdnded controls to offset low water
conditions.

Interestingly, the high water levels on Lake Ortani 2017 have also been attributed to water

management; outflows from Lake Ontario have begnolated via the Moses-Saunders dam



since 1960 (Lee, et al. 1994). There is, howawveplausible lake level control scenario that
could have significantly altered the recent raitk rof water accumulation across the Lake

Ontario basin and surrounding areas.

The notion that recent extremes in Great Lakesmiewels are dominated by regulation is not
realistic. Likewise, the notion that future walevels will be predominantly lower due to rising
temperatures and increased evapotranspiration (&of@t al. 2013) is facile — such arguments
do not honor the conservation of energy in the tiaterological cycle The global climate
models (GCMs) that often serve as a basis for tasgpements have low fidelity in their
representation of the weather-scale processeatdaesponsible for precipitation across the
Great Lakes basin (Briley, et al. 2017). The spattales of most GCMs are not nearly fine
enough to adequately represent the hydrologic ofdlee Great Lakes.

Therefore, GCMs are perhaps most useful for offegnidance to frame analyses of future
Great Lakes water level variability scenarios, fit for making explicit predictions. Generally,
GCMs suggest an increase in both temperature awipation across the Great lakes region.
We posit that the most meaningful guidance thatbsaaxtracted from these results is that two

of the most important factors influencing futurkddevels are of opposite sign.

Given the uncertainty associated with climate medels important to first consider how they
align with emerging observations, and then franemados for potential future behavior.
Increased precipitation rates have already beearebd across the Great Lakes region (Melillo,
et al. 2014)indeed, across the United States and Canada tteestrang trends of increasing
precipitation and, especially, extreme precipitagvents along with flooding on local and
regional scales. These observations align witarmemodel simulations that also indicate
potential periods of extended drought to colledyiseiggest a future of continued and

potentially increasingly variable water levels (bt et al. 2015).

Profound changes in Arctic snow and ice cover rrtomplicate scenarios for future lake level
variability. There is growing evidence, for examphat changes in Arctic ice are influencing
the propagation of weather systems important toipitation in the Great Lakes basin (Francis
& Vavrus, 2012). The evidence suggests that weattede precipitation events are moving
more slowly and thereby increasing regional accaitedl precipitation. Changes in the Arctic

may also be influencing major modes of weather-a&farvariability, such as the Arctic



Oscillation (Hassanzadeh & Kuang, 2015). Thesegsses will continue to compete with
others to influence Great Lakes ice cover, lakeaffnow events, seasonal freeze-thaw

dynamics, as well as lake levels.

Recent lake level fluctuations induced by weathé#reenes and climate variability, including the
Lake Ontario flood of 2017 and the preceding ex¢ehgeriod of low water levels, have been
outside of the range that are reasonably attribictedhter management. The possibility of a
future with increased variability is supported lyrent observations and is in contradiction to
the wide-held public perception that lake level8 mecessarily decline as the climate warms
(Frank, et al. 2015) This suggests that lake level management shausider variability in
scenarios of future water supply, rather than destng water supplies alone. Aside from
impacts to coastal residents, industry, and comeertuture characterized by Great Lakes
water supply and water level variability has impottconsequences for international water

resources management and policy development (A0IS)
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Figure Caption:

Figure 1. Monthly average water levels (black déaskach of the Great Lakes from 2011
through 2018. Historical record low (red dots) d&ngh (blue dots) monthly average water levels
for each calendar month are aligned, for claritghwhe calendar months of 2011 and 2018,

respectively.

References:
Annin, Peter. 2018. Great Lakes Water Wars. WasbimdoC: Island Press.



Briley, Laura J, Walker S Ashley, Richard B Roodd &ndrew Krmenec. 2017. The role of
meteorological processes in the description of tiaggy for climate change decision-
making. Theoretical Appl. Climatol. 127: 643-654.

Desai, Ankur R, Jay A Austin, Val Bennington, andléh A McKinley. 2009. Stronger winds
over a large lake in response to weakening aiae-temperature gradient. Nat. Geosci.
2 (12): 855-858.

Francis, Jennifer A, and Stephen J Vavrus. 201Ridaee linking Arctic amplification to
extreme weather in mid-latitudes. Geophysical Rett. 39: LO6801.

Frank, Ken A, T Chen, | C Chen, Y J Lo, R Xu, andlid. 2015. Diffusion and transformation
of knowledge about climate change through socisokks in the Great Lakes region.
Accessed June 30, 2017. https://msu.edu/~kenfeesddrch.htm.

Gronewold, Andrew D, and Craig A Stow. 2014. Wddss from the Great Lakes. Science 343
(6175): 1084-1085.

Hassanzadeh, Pedram, and Zhiming Kuang. 2015. Bigaariability: Arctic amplification
versus Arctic Oscillatoin. Geophysical Res. Let.(20): 8586-8595.

Lee, Deborah H, Frank H Quinn, Douglas Sparks,Jaah Claude Rassam. 1994. Modification
of Great Lakes regulation plans for simulation @xmmum Lake Ontario flows. Journal
of Gt. Lakes Res. 20 (3): 569-582.

Lofgren, Brent M., Andrew D. Gronewold, Anthony Aaioli, Jessica Cherry, Allison Steiner,
and David Watkins. 2013. Methodological appraodbgsojecting the hydrologic
impacts of climate chnage. Earth Interactions j:(2-19.

Melillo, Jerry M, Terese C Richmond, and Gary W ¥0B014. Climate Change Impacts in the
United States: The Third National Climate Assesdmérs. Global Change Research
Program.

Notaro, Michael, Val Bennington, and Brent Lofgr@015. Dynamical downscaling-based
projections of Great Lakes water levels. Journallah. 28 (24): 9721-9745.

Pekel, Jean-Francois, Andrew Cottam, Noel Gorelckl Alan S Belward. 2016. High-
resolution mapping of global surface water andbitg-term changes. Nature 540: 418-
422.



183.25 184.25

182.25

Lake Superior

I I I I I I I I
Lake Michigan—Huron ‘.

175.0
|

174.0

173.0

Surface water elevation (m above IGLD '85)

2011 2012 2013 2014 2015 2016 2017 2018

176.5 177.5

175.5

75.75

74.75

73.75





