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The reconstructed water-level history of Lake Michigan-Huron over the past 4,700 years shows three major high
phases from 2,300 to 3,300, 1,100 to 2,000, and 0 to 800
years ago. Within that record is a quasi-periodic rise and fall
of about 160 ± 40 years in duration and a shorter fluctuation
of 32 ± 6 years that is superimposed on the 160-year fluctuation. Recorded lake-level history from 1860 to the present
falls within the longer-term pattern and appears to be a single
160-year quasi-periodic fluctuation. Independent investigations of past climate change in the basin over the long-term
period of record confirm that most of these changes in lake
level were responses to climatically driven changes in water
balance, including lake-level highstands commonly associated
with cooler climatic conditions and lows with warm climate
periods. The mechanisms underlying these large hydroclimatic
anomalies are not clear, but they may be related to internal
dynamics of the ocean-atmosphere system or dynamical
responses of the ocean-atmosphere system to variability in
solar radiation or volcanic activity.
The large capacities of the Great Lakes allow them to
store great volumes of water. As calculated at chart datum,
Lake Superior stores more water (2,900 mi3) than all the other
lakes combined (2,539 mi3). Lake Michigan’s storage is 1,180
mi3; Lake Huron’s, 850 mi3; Lake Ontario’s, 393 mi3; and
Lake Erie’s, 116 mi3. Seasonal lake-level changes alter storage
by as much as 6 mi3 in Lake Superior and as little as 2.1 mi3
in Lake Erie. The extreme high and low lake levels measured
in recorded lake-level history have altered storage by as much
as 31 mi3 in Lake Michigan-Huron and as little as 9 mi3 in
Lake Ontario. Diversions of water into and out of the lakes are
very small compared to the total volume of water stored in the
lakes.
The water level of Lake Superior has been regulated since
about 1914 and levels of Lake Ontario since about 1960. The
range of Lake Superior water-level fluctuations and storage
has not been altered greatly by regulation. However, fluctuations on Lake Ontario have been reduced from 6.6 ft preregulation to 4.3 ft over the past three decades postregulation,
and storage changes have been reduced from 9 mi3 to 6 mi3.
Regulation affects shoreline property owners and industries
that have structures in the flood-hazard zone; they generally
desire lower lake levels. Higher lake levels are preferred by
recreational boaters and marinas concerned about lake access
in shallow areas, as well as by municipal and industrial watersupply facilities concerned about water-intake structures. The
shipping industry and hydropower industry prefer increased
flow through the connecting channels and lower St. Lawrence
River.
Regulation of lake levels has created problems for
wetlands of Lakes Superior and Ontario. Periodic high lake
levels are needed to kill trees, shrubs, and canopy-dominating
emergent plants in Great Lakes wetlands, and low water levels
following the highs are needed to promote seed germination
and growth of a multitude of species. Occasional low water
levels are also needed to restrict growth of plants that require
very wet conditions, such as cattails, at higher elevations in

wetlands that are typically colonized by sedges and grasses.
The diversity of wetland plant communities and the habitats
they provide for fish and wildlife in Great Lakes wetlands are
dependent on water-level fluctuations. The effects of regulation have been most severe in Lake Ontario, where the natural
pattern of high and low lake levels has largely been eliminated. As a result, extensive stands of cattails have become
established in nearly all wetlands in Lake Ontario, mostly at
the expense of the sedge/grass community, and diversity of
habitats has been reduced substantially.

References Cited
Adams, J.B., Mann, M.E., and Ammann, C.M., 2003, Proxy
evidence for an El Niño-like response to volcanic forcing:
Nature, v. 426, p. 274.
Anderton, J.B., and Loope, W.L., 1995, Buried soils in a
perched dunefield as indicators of late Holocene lake level
change in the Lake Superior basin: Quaternary Research,
v. 44, p. 190–199.
Argyilan, E.P., Forman, S.L., Johnston, J.W., and Wilcox,
D.A., 2005, Optically stimulated luminescence dating of
late Holocene raised strandplain sequences adjacent to
Lakes Michigan and Superior, Upper Peninsula, Michigan,
USA: Quaternary Research, v. 63, p. 122–135.
Alley, W.M., Reilly, T.E., and Franke, O.L., 1999, Sustainability of ground-water resources: U.S. Geological Survey
Circular 1186, 79 p.
Baedke, S.J., and Thompson, T.A., 2000, A 4,700-year record
of lake level and isostasy for Lake Michigan: Journal of
Great Lakes Research, v. 26, p. 416–426.
Baedke, S.J., Thompson, T.A., Johnston, J.W., and Wilcox,
D.A., 2004, Reconstructing paleo lake levels from relict
shorelines along the Upper Great Lakes: Aquatic Ecosystem
Health and Management, v. 7, p. 435–449.
Booth, R.K., and Jackson, S.T., 2003, A high-resolution record
of late-Holocene moisture variability from a Michigan
raised bog, USA: Holocene, v. 13, p. 863–876.
Booth, R.K., Jackson, S.T., Forman, S.L., Kutzbach, J.E.,
Bettis, E.A., Kreig, J., and Wright, D.K., 2005, A severe
centennial-scale drought in continental North America 4200
years ago and apparent global linkages: Holocene, v. 15, p.
321–328.
Booth, R.K., Jackson, S.T., and Gray, C.E.D., 2004, Paleoecology and high-resolution paleohydrology of a kettle peatland
in upper Michigan: Quaternary Research, v. 61, p.1–13.

22   Lake-Level Variability and Water Availability in the Great Lakes
Booth, R.K., Jackson, S.T., and Thompson, T.A., 2002, Paleoecology of a northern Michigan lake and the relationship
among climate, vegetation, and Great Lakes water levels:
Quaternary Research, v. 57, p. 120–130.
Booth, R.K., Notaro, M., Jackson, S.T., and Kutzbach, J.E.,
2006, Widespread drought episodes in the western Great
Lakes region during the past 2000 years—Geographic
extent and potential mechanisms: Earth and Planetary Science Letters, v. 242, issues 3–4, p. 415–427.
Burkett, V.R., Wilcox, D.A., Stottlemyer, R., Barrow, W.,
Fagre, D., Baron, J., Price, J., Nielsen, J.L., Allen, C.D.,
Peterson, D.L., Ruggerone, G., and Doyle, T., 2005, Nonlinear dynamics in ecosystem response to climatic change—
Case studies and management implications: Ecological
Complexity, v. 2, p. 357–394.
Coordinating Committee on Great Lakes Basic Hydraulic and
Hydrologic Data, 1977, Coordinated Great Lakes physical
data: Detroit, Mich., and Burlington, Ontario, 12 p.
Croley, T.E., II, Hunter, T.S., and Martin, S.K., 2001, Great
Lakes monthly hydrologic data: NOAA Technical Report
TM–083, 13 p.

Hudon, C., Wilcox, D.A., and Ingram, J.W., 2006, Modeling
wetland plant community response to assess water-level
regulation scenarios in the Lake Ontario-St. Lawrence River
basin: Environmental Monitoring and Assessment, v. 113,
no. 1–3, p. 303–328.
International Joint Commission, 2000, Protection of the waters
of the Great Lakes—Final report to the governments of
Canada and the United States: Ottawa, Ontario, 69 p.
Loope, W.L., and Arbogast, A.F., 2000, Dominance of a
~150-year cycle of sand-supply change in late Holocene
dune-building along the eastern shore of Lake Michigan:
Quaternary Research, v. 54, p. 414–422.
Loope, W.L., and McEachern, A.K., 1998, Habitat change in
a perched dune system, in Mac, M.J., Opler, P.A., Puckett,
C.E., Haecker, and Doran, P.D., eds., Status and trends of
the Nation’s biological resources, volume 1: U.S. Geological Survey, p. 227–230.
Mainville, A., and Craymer, M.R., 2005, Present-day tilting of
the Great Lakes region based on water level gauges: Geological Society of America Bulletin, v. 117, p. 1070–1080.

Delworth, T.L., and Manabe, S., 1988, The influence of potential evaporation on the variabilities of simulated soil wetness
and climate: Journal of Climate, v. 1, p. 523–547.

Manabe, S., Wetherald, R.T., Milly, P.C.D., Delworth, T.L.,
and Stouffer, R.J., 2004, Century-scale change in water
availability—CO2-quadrupling experiment: Climatic
Change, v. 64, p. 59–76.

Environment Canada [Wilcox, D.A., Patterson, N., Thompson, T.A., Albert, D., Weeber, R., McCracken, J., Whillans,
T., and Gannon, J., contributors], 2002, Where land meets
water—Understanding wetlands of the Great Lakes:
Toronto, Ontario, 72 p.

Maynard, L., and Wilcox, D.A., 1997, Coastal wetlands of the
Great Lakes—State of the Lakes Ecosystem Conference
1996 background paper: Environment Canada and U.S.
Environmental Protection Agency, EPA 905–R–97–015b,
99 p.

Fenneman, N.M. [in cooperation with the Physiographic
Committee of the Geological Survey], 1946, Physical divisions of the United States: U.S. Geological Survey, scale
1:7,000,000.

McCabe, G.J., Palecki, M.A., and Betancourt, J.L., 2004,
Pacific and Atlantic Ocean influences on multidecadal
drought frequency in the United States: Proceedings of the
National Academy of Science, v. 101, p. 4136–4141.

Grannemann, N.G., and Weaver, T.L., 1999, An annotated
bibliography of selected references on the estimated rates
of direct ground-water discharge to the Great Lakes: U.S.
Geological Survey Water-Resources Investigations Report
98–4039, 24 p.

Meehl, G.A., Washington, W.M., Wigley, T.M.L., Arblaster,
J.M., and Dai, A., 2003, Solar and greenhouse forcing and
climatic response in the twentieth century: Journal of
Climate, v. 16, p. 426–444.

Great Lakes Commission, 2003, Toward a water resources
management decision support system for the Great LakesSt. Lawrence River basin—Status of data and information on water resources, water use, and related ecological
impacts: Ann Arbor, Mich., 142 p.
Holtschlag, D.J., and Nicholas, J.R., 1998, Indirect groundwater discharge to the Great Lakes: U.S. Geological Survey
Open-File Report 98–579, 25 p.

Neff, B.P., and Killian, J.R., 2003, The Great Lakes water
balance—Data availability and annotated bibliography
of selected references: U.S. Geological Survey WaterResources Investigations Report 02–4296, 37 p.
Neff, B.P., and Nicholas, J.R., 2005, Uncertainty in the Great
Lakes water balance: U.S. Geological Survey Scientific
Investigations Report 2004–5100, 42 p.
Rickard, L.V., and Fisher, D.W., 1970, Geologic map of New
York, Finger Lakes sheet: New York State Museum and Science Service Map and Chart Series, no. 15, scale 1:250,000.

References Cited  23
Rind, D., Shindell, D., Perlwitz, J., Lerner, J., Lonergan, P.,
Lean, J., and McLinden, C., 2004, The relative importance of solar and anthropogenic forcing of climate change
between the Maunder Minimum and the present: Journal of
Climate, v. 17, p. 906–929.
Schubert, S.D., Suarez, M.J., Pegion, P.J., Koster, R.D., and
Bacmeister, J.T., 2004, On the cause of the 1930s dust bowl:
Science, v. 303, p. 1855–1859.
Shaver, R.H., regional coordinator, 1985, Midwestern basins
and arches region, in Lindberg, F.A., ed., Correlation of
stratigraphic units of North America: American Association
of Petroleum Geologists, COSUNA Chart Series, 1 sheet.
Sheets, R.A., and Simonson, L.A., 2006, Compilation of
regional ground-water divides for principal aquifers corresponding to the Great Lakes Basin, United States: U.S. Geological Survey Scientific Investigations Report 2006–5102,
23 p.
Silvester, R., and Hsu, J.R.C., 1991, New and old ideas in
coastal sedimentation: Reviews in Aquatic Sciences, v. 4,
p. 375-410.
Thompson, T.A., and Baedke, S.J., 1995, Beach-ridge development in Lake Michigan—Shoreline behavior in response
to quasi-periodic lake-level events: Marine Geology, v. 129,
p. 163–174.
Thompson, T.A., and Baedke, S.J., 1997, Strandplain evidence
for late Holocene lake-level variations in Lake Michigan:
Geological Society of America Bulletin, v. 109, p. 666–682.
Thompson, T.A., Baedke, S.J., and Johnston, J.W., 2004,
Geomorphic expression of late Holocene lake levels and
paleowinds in the upper Great Lakes, in Hansen, E.C., ed.,
The geology and geomorphology of Lake Michigan’s coast:
Michigan Academician, v. 35, p. 355–371.
U.S. Army Corps of Engineers and Great Lakes Commission,
1999, Living with the lakes: Detroit and Ann Arbor, Mich.,
39 p.
Wilcox, D.A., 1995, The role of wetlands as nearshore habitat
in Lake Huron, in Munawar, M., Edsall, T., and Leach, J.,
eds., The Lake Huron ecosystem—Ecology, fisheries and
management: Amsterdam, SPB Academic Publishing, Ecovision World Monograph Series, p. 223–245.
Wilcox, D.A., Ingram, J.W., Kowalski, K.P., Meeker, J.E.,
Carlson, M.L., Xie, Y., Grabas, G.P., Holmes, K.L., and
Patterson, N.J., 2005, Evaluation of water level regulation
influences on Lake Ontario and Upper St. Lawrence River
coastal wetland plant communities—Final project report:
International Joint Commission, Ottawa, Ontario, and
Washington, D.C., 67 p.

Wilcox, D.A., and Meeker, J.E., 1991, Disturbance effects on
aquatic vegetation in regulated and non-regulated lakes in
northern Minnesota: Canadian Journal of Botany, v. 69,
p. 1542–1551.
Wilcox, D.A., and Meeker, J.E., 1992, Implications for faunal
habitat related to altered macrophyte structure in regulated
lakes in northern Minnesota: Wetlands, v. 12, p. 192–203.
Wilcox, D.A., and Meeker, J.E., 1995, Wetlands in regulated
Great Lakes, in LaRoe, E.T., Farris, G.S., Puckett, C.E.,
Doran, P.D., and Mac, M.J., eds., Our living resources—A
report to the Nation on the distribution, abundance, and
health of U.S. plants, animals, and ecosystems: Washington,
D.C., National Biological Service, p. 247–249.
Wilcox, D.A., and Whillans, T.H., 1999, Techniques for
restoration of disturbed coastal wetlands of the Great Lakes:
Wetlands, v. 19, p. 835–857.

24   Lake-Level Variability and Water Availability in the Great Lakes

Glossary
For purposes of this circular, the following terms and definitions apply. The definitions are not the only valid ones for
these terms.
barrier beach Dune and beach deposits that occur as a
shore-parallel topographic high with a landward standing body
of water or wetland.
chart datum A reference point for water-level elevation
where 95 percent of recorded/historical elevations are above
the datum.
consumptive use That portion of water withdrawn or
withheld from the Great Lakes Basin and assumed to be lost
or otherwise not returned to the Great Lakes Basin because of
evaporation, incorporation into products, or other processes.
crustal movement Vertical and horizontal displacement of
the Earth’s lithosphere.
detrital material Nonliving organic matter (for example,
dead organisms or leaves) in water.
diversion A transfer of water from the Great Lakes Basin
into another watershed, or from the watershed of one of the
Great Lakes into that of another.
emergent Refers to those species that occur on saturated
soils or on soils covered with water for most of the growing
season. The foliage of emergent aquatics is partly or entirely
borne above the water surface.
eolian

Pertaining to the action or effects of wind.

glacial isostatic adjustment (GIA) Vertical crustal
movement related to the removal of the weight of glaciers.
(See box 1 in main text.)
ground water In the broadest sense, all subsurface water;
more commonly, that part of the subsurface water in the
saturated zone (the subsurface zone in which all openings are
full of water).
hemi-marsh An area that is half vegetated and half open
water.
highstand The uppermost topographic position or elevation
reached by lake level during a specific period in time.
hydrograph A graph showing water level, flow rate, or some
other property of water with respect to time.

hydrologic system A zone in three-dimensional space,
with a boundary, that receives water and other inputs; stores,
processes, and (or) transmits them; and releases them as
outputs.
littoral Pertaining to the area of the coast affected by
nearshore waves and currents.
macrophytes Plant species that can be observed without the
use of optical magnification.
mainland-attached beaches Dune and beach deposits that
occur as a shore-parallel topographic high with a landward
upland.
meadow marsh Marsh that occurs in areas that are
occasionally covered with water, dominated by grasslike
plants and wildflowers.
Medieval Warm Period A warm interval lasting several
centuries, beginning around 1,000 years ago and particularly
well documented in Europe. Climate anomalies during this
time period also have been documented in various other
regions of the world.
net basin supply The net amount of water entering a Great
Lake. Although scientists use various methods to calculate net
basin supply, all methods subtract the amount of water leaving
a Great Lake from the amount of water entering that Great
Lake.
Nipissing Phase One or more high levels of the Great Lakes
between 6,000 and 4,000 years ago. Nipissing lake levels were
slightly more than 4 meters (13 feet) higher than historical
levels.
paleoclimate
past.
palustrine

The climate of a given period of time in the

Refers to inland wetland area.

peatland A wetland where the rate of biomass production
exceeds the rate of decomposition, resulting in the
accumulation of organic-rich sediment that contains the
partially decomposed remains of plants and other organisms.
perched dunes Dunes that sit on a plateau high above the
shore; they consist of sand as well as other loose material, and
dramatically changing lake levels help to create them.
proxy record A reconstructed history of environmental
changes based on the contents of a natural archive (for
example, sediments, ice cores), typically using an indicator,
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measurement, or suite of measurements that are highly
correlated with a particular environmental variable (for
example, temperature).
quasi-periodic A repetitive behavior that is not uniform in
period or amplitude.
revetment A facing of stone, concrete, or other durable
material to protect an embankment or shore structure against
erosion by wave action or currents.
seiche A stationary wave usually caused by strong winds
and (or) changes in barometric pressure. It is found in lakes,
semi-enclosed bodies of water, and areas of the open ocean.
spit Dune and beach deposits that occur as a shore-parallel
topographic high that extend from a headland. These deposits
commonly occur with a landward standing body of water or
wetland and contain several or more beach ridges that recurve
landward.
strandplain Shore-parallel ridges of sand commonly
occurring in embayments along the lakes, forming a
washboard pattern inland from the shore.
surficial geology The geology of material at or near the
Earth’s surface; can include near-surface bedrock in addition
to unconsolidated (loose) material deposited by the activity of
streams, glaciers, and weathering.
swash zone The zone of wave action on the beach, which
moves as water levels vary.
testate amoebae Amoeboid protozoa that produce decayresistant and morphologically distinct outer shells and have
been used as environmental and paleoenvironmental indicators
of water-table depth in peatlands.
water balance An accounting of inflow to, outflow from,
and storage in a hydrologic unit, such as the Great Lakes.
wave-cut terraces Erosional scarp and platform cut into
bedrock or unconsolidated deposits.

