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Based on observations

Understand and account for 
uncertainty
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Regional Groundwater Availability 
Studies

§ Status of groundwater 
resources for the nation

§ Response of groundwater 
systems to development

§ Potential response to future 
development and climate 
change



USGS Groundwater Resources Program regional 
groundwater availability studies 
(http://water.usgs.gov/ogw/gwrp/activities/regional.html)
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Drawdown in 
Mississippi River 
Alluvial Aquifer in 
2007 from 
Clark and others, 
2011



Water Availability and Use
Great Lakes Basin Pilot

§ Funded in 2005, five-year 
project

§ Groundwater, surface 
water, water use

§ Develop methods for 
national program

§ Respond to Great Lakes 
issues including 
development of the Great 
Lakes Compact 

Image from NOAA, Great Lakes Environmental Research Laboratory,
AVHRR satellite imagery, 1995



Overview

§ Great Lakes water availability characterized 
by regional abundance with potential for local 
shortages.



Many Factors Affect Water Availability

Water 
Availability

Water Quantity Water Quality

Water Law And 
Regulations

Water Works 
Infrastructure 
And Existing 
Water Use

Economic 
Factors

Ecology, 
Recreation, and 
Instream Use



Surface Water Analysis

§ What are current 
streamflows and how have 
they changed over time?

§ How will new withdrawals 
affect streamflow?



Surface Water Analysis

§ Streamgage data are 
not available 
everywhere

§  Developed a new method 
to:
§  Estimate streamflow for

 any stream
§  Integrate water use and

 streamflow data 
§  Account for trends in 

time



Streamgage data

Result of the new method



Water Use

§ How much water is withdrawn and how much 
water is used in the Great Lakes Basin?

§ How does use vary in time and space across 
the basin?

§ Future water availability depends on 
groundwater, surface water, and current 
water use



Mills, P.C., and Sharpe, J.B., 2010, Estimated withdrawals 
and other elements of water use in the Great Lakes Basin 
of the United States in 2005: U.S. Geological Survey 
Scientific Investigations Report 2010–5031, 95 p.



Mills, P.C., and 
Sharpe, J.B., 2010.



Public-supply withdrawals

3,800 million gallons per day

17.7 million people

Self-supply domestic
withdrawals

410 million gallons per day

 5.2 million people

Groundwater
12%

Surface 
Water
88%

Groundwater
99%

Surface 
Water

1%<

Mills, P.C., and Sharpe, J.B., 2010.
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Groundwater availability

§ How much groundwater is 
in storage?

§ What are groundwater 
divides?

§ How has development 
changed groundwater 
levels and availability?

§ What are potential 
constraints limiting 
groundwater availability?



Groundwater flow model

§ SEAWAT– density 
dependent MODFLOW

§ 20 layers
§ ~ 2 million cells
§ 1864-2005 in 1 steady-

state and 12 transient 
stress periods

§ Heterogeneous 
properties 





Water use, up 
to 1.1 billion 
gallons per 
day; 
13,300 wells 
total across all 
stress periods 

(+ Milwaukee 
deep tunnel, 
270 nodes)

1941-1950

Buchwald, 
Luukkonen, and 
Rachol, USGS



Water use, up 
to 1.1 billion 
gallons per 
day; 
13,300 wells 
total across all 
stress periods 

(+ Milwaukee 
deep tunnel, 
270 nodes)

Buchwald, 
Luukkonen, and 
Rachol, USGS

2001-2005





Recharge
Westenbroek, S.M., Kelson, V.A., Dripps, W.R., Hunt, R.J., and Bradbury,K.R., 2009, SWB
—A modified Thornthwaite-Mather Soil-Water Balance code for estimating ground-water 
recharge: U.S. Geological Survey Techniques and Methods 6-A31, 65 p.

Calibrated to be 
consistent with baseflow 
estimates







Properties of 
glacial deposits
§ 3 model layers
§ ~ 1200 ft thick
§ Water well records and 

regional geological 
maps: (Arihood, 
USGS)



              RESULTS….

•Water levels and drawdown 
•Water budgets
•Sources of water to wells
•Indicators of sustainability
•Inset model 



Water Budget by Stress Period for Lake Michigan Basin 
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Source of water to wells, 2005, shallow



Source of water to wells, 2005, deep



Water Table



St. Peter 
drawdown:
1864 - 2005



Indicators

DEMAND TO SUPPLY RATI0  for a given area at given time=

(Pumping – Injection)t 
-------------------------------------------------------------------------------------

(Sum of natural inflows)t, no pumping

BASEFLOW REDUCTION INDEX for a given area at given time=

(Net Baseflowt – Net Baseflowt, no pumping)

-----------------------------------------------------------------  x 100
     (Net Baseflowt, no pumping)

Where net baseflow = SWout - SWin
Weiskel and others, 2007
Cherkauer, 2009
Great Lakes Pilot, 2010



Baseflow 
Reduction 
relative to 
natural  flow:  
greater than 5%

Indicators for Focus Areas

Focus Areas
•  Lansing area  in SLP_MI (4 counties)
•  Green Bay area in NE_WI (2 counties)

Demand 
relative to 
natural supply:
big range



Scale Area (mi2) Cells per 
layer

Cell size (ft)

Regional 180962.6 102051 * 5000 x 5000

Intermediate 453.7 50600 500 x 500

Local 21.6 118336 71.5 x 71.5

* Smallest cells in non-uniform grid

Ground-Water-Flow Model:  Regional to Local Scales

near field





(Hoard, 2010)



(Hoard, 2010)



Climate variability and change simulation

§ Climate input from a downscaled 
atmosphere-ocean couple general circulation 
model (Hayoe and others, 2008)

§ A1 fi scenario (high global greenhouse gas 
emission)

§ AOGCM input to soil-water-balance model to 
estimate recharge

§ Hayhoe, K., C. Wake, B. Anderson, X.-L. Liang, E. Maurer, J. Zhu, J. 
Bradbury, A. DeGaetano, A. Stoner and D. Wuebbles. 2008. Regional 
Climate Change Projections for the Northeast USA: Mitigation and 
Adaptation Strategies for Global Change, Vol. 13, No. 5-6, p. 425-436 



(Hoard, 2010)



Relation to the Great Lakes Compact

§ .. Strengthen the scientific basis for sound water 
management (Section 1.4)

§ Role of groundwater (Section 1.4)
§ Water use and development of the required 

cumulative impact assessment (Section 4.15)
§ .. Consider adaptive management principles and 

approaches recognizing, considering, and providing 
adjustments for the uncertainties in, and evolution of, 
science concerning the Basin’s water resources, 
watersheds and ecosystems (Section 4.15)



• Regional abundance 
does not mean water 
will always be available 
where and when it is 
needed.

• Regional study provides 
information that local 
stakeholders can build 
on to make decisions.

Great Lakes Pilot

http://water.usgs.gov/wateravailability/greatlakes/index.html
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