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Executive Summary 

In the Great Lakes-St. Lawrence River Basin Sustainable Water Resources Agreement (Agreement), the 

Great Lakes and St. Lawrence River States and Provinces (the Parties) commit to periodically assess the 

cumulative impacts of Withdrawals, Consumptive Uses and Diversions of Water from the Great Lakes—

St. Lawrence River Basin (Basin).  Similar commitments are included for the Great Lakes States in the 

companion Great Lakes-St. Lawrence River Basin Water Resources Compact (Compact).  As required by 

the Agreement and Compact, the cumulative impact assessment will be conducted for each Lake and St. 

Lawrence River watershed and for the entire Basin.  The assessment fulfills the requirement of the 

Compact and Agreement.  The assessment will be used for a review of decision making standards and their 

application, and for other purposes.     

The Basin water budget is an accounting of water flows into and out of the Basin.  Some of these flows are 

natural and some are constructed or affected by humans.  Withdrawals, Consumptive Uses, and Diversions 

are part of the water budget.  All of the flows vary from year to year, either due to natural variability in 

climate or due to human activities.  The timeframe for this assessment is 2006-2010.  For comparative 

purposes, longer data sets for flows are presented to provide a historical context for 2006-2010 data.  The 

longer data sets are 1948-2010. 

Inflows include precipitation on the surface of the Lake(s), surface water runoff to the Lake(s) or River, 

Diversions into some Lakes, and connecting channel flows into each of the Lakes or River, except for 

Lake Superior which does not have an inflowing connecting channel.  Outflows include evaporation from 

the surface of the Lake(s), Diversions from some Lakes, connecting channel flows out of each of the 

Lakes, and Consumptive Uses.  The St. Lawrence River is the outflow for Lake Ontario and the entire 

Basin.  Although Withdrawals are a component of water budgets, this assessment considers only the 

hydrologic effect of Consumptive Uses and Diversions.  Consumptive Use is the portion of water 

withdrawn but not returned due to evaporation, incorporation into products, and other processes. 

The cumulative hydrologic effect of Consumptive Uses and Diversions are small relative to inflows.  

Further, while inflows fluctuate from 2006-2010, the cumulative hydrologic effect of Consumptive Uses 

and Diversions is fairly constant for these annual averages.  The net effect of Consumptive Uses and 

Diversions is positive for the Basin’s water budget.  In other words, more water is diverted into the Basin 

than the total combined amount of water diverted out of the Basin or withdrawn and not returned. 

No comprehensive cumulative impact assessment has ever been conducted in the Great Lakes-St. 

Lawrence River region on the scale required by the Agreement and Compact.  Examples that may be 

instructive are either outside of the region or on a scale that makes transferability difficult or impossible.  

The specific contribution made by Diversions and Consumptive uses at any given point in time or space, 

separate and apart from natural variability, is uncertain given the complex hydrologic, geographic and 

temporal variability of uses, and other factors.  Since Diversions and Consumptive Uses are small 

compared to natural flows, their cumulative hydrologic effect on water levels is likewise small.  A small 

hydrologic effect, however, does not necessarily mean that there are no cumulative impacts.  On the 

contrary, a small hydrologic effect may still lead to significant impacts on ecosystems or other water uses 

depending on the scale or type of impacts being evaluated.  Future assessments will reflect advancements 

in science, data, information and assessment methods, and will investigate this distinction further. 
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Introduction 

In the Great Lakes-St. Lawrence River Basin Sustainable Water Resources Agreement (Agreement), the 

Great Lakes and St. Lawrence River States and Provinces (the Parties) commit to periodically assess the 

cumulative impacts of Withdrawals, Consumptive Uses and Diversions of Water from the Great Lakes—

St. Lawrence River Basin (Basin).  Similar commitments are included for the Great Lakes States in the 

companion Great Lakes-St. Lawrence River Basin Water Resources Compact (Compact).  As required by 

the Agreement and Compact, the cumulative impact assessments will be conducted for each Lake and St. 

Lawrence River watershed and for the entire Basin.  The assessment fulfills the requirement of the 

Compact and Agreement.  The assessment will be used for a review of decision making standards and their 

application, and for other purposes.     

 

Purpose  

Pursuant to Article 209 of the Agreement and Section 4.15 of the Compact the Parties 
1
“….shall 

collectively conduct within the Basin, on a Great Lake and St. Lawrence River Basin basis, a periodic 

assessment of the Cumulative Impacts of Withdrawals, Diversions and Consumptive Uses from the Waters 

of the Basin.  The assessment of the Cumulative Impacts shall be done upon the earlier of: 

a. Every 5 years; 

b. Each time the incremental losses to the Basin reach 50,000,000 gallons  (190,000,000 litres) per 

day average in any 90-day period in excess of the quantity at the time of the last assessment; or, 

c. At the request of one or more of the Parties. 

The assessment of Cumulative Impacts shall form a basis for the review of the Standard and the Exception 

Standard and their application.  This assessment shall: 

a. Utilize the most current and appropriate guidelines for such a review, which may include but not 

be limited to Council on Environmental Quality and Environment Canada guidelines; 

b. Give substantive consideration to climate change or other significant threats to Basin Waters and 

take into account the current state of scientific knowledge, or uncertainty, and appropriate 

Measures to exercise caution in cases of uncertainty, if serious damage may result; 

c. 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 including potential changes to Basin-wide processes, such 

as lake level cycles and climate; and,  

d. [The Regional Body shall] [i]nclude the evaluation of Article 201 [of the Agreement] concerning 

Exceptions.  Based on the results of this assessment, the provisions in that Article may be 

maintained, made more restrictive or withdrawn….” 

                                                      
1 Quoted text taken from Article 209 of the Agreement.  Section 4.15 of the Compact includes similar language. 
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Furthermore, the review and potential revisions to Basin-wide water conservation and efficiency goals and 

objectives pursuant to Article 304 paragraph 3 of the Agreement and Section 4.2.3 of the Compact must be 

in part based on the cumulative impact assessment. 

 

Definitions 

The standard definitions set forth in Article 103 of the Agreement and Section 1.2 of the Compact shall 

apply to the cumulative impact assessment, including the following terms:   

 

“Basin or Great Lakes—St. Lawrence River Basin” means the watershed of the Great Lakes and 

the St. Lawrence River upstream from Trois-Rivières, Québec within the jurisdiction of the Parties. 

“Consumptive Use” means that portion of Water Withdrawn or withheld from the Basin that is 

lost or otherwise not returned to the Basin due to evaporation, incorporation into Products, or 

other processes. 

“Cumulative impacts” mean the impact on the Great Lakes—St. Lawrence River Basin Ecosystem 

that results from incremental effects of all aspects of a Withdrawal, Diversion or Consumptive Use in 

addition to other past, present, and reasonably foreseeable future Withdrawals, Diversions and 

Consumptive Uses regardless of who undertakes the other Withdrawals, Diversions and Consumptive 

Uses.  Cumulative impacts can result from individually minor but collectively significant Withdrawals, 

Diversions and Consumptive Uses taking place over a period of time.    

“Diversions” means a transfer of Water from the Basin into another watershed, or from the watershed 

of one of the Great Lakes into that of another by any means of transfer, including but not limited to a 

pipeline, canal, tunnel, aqueduct, channel, modification of the direction of a watercourse, a tanker ship, 

tanker truck or rail tanker but does not apply to Water that is used in the Basin or Great Lakes 

watershed to manufacture or produce a Product that is then transferred out of the Basin or watershed. 

“Source Watershed” means the watershed from which a Withdrawal originates.  If Water is 

Withdrawn directly from a Great Lake or from the St. Lawrence River, then the Source Watershed 

shall be considered to be the watershed of that Great Lake or the watershed of the St. Lawrence River, 

respectively.  If Water is Withdrawn from the watershed of a stream that is a direct tributary to a Great 

Lake or a direct tributary to the St. Lawrence River, then the Source Watershed shall be considered to 

be the watershed of that Great Lake of the watershed of the St. Lawrence River, respectively, with a 

preference to the direct tributary stream watershed from which it was Withdrawn.   

“Withdrawal” means the taking of Water from surface Water or groundwater.  “Withdraw” has a 

corresponding meaning.  
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Approach to Assessing Cumulative Impacts 

No comprehensive cumulative impact assessment has ever been conducted in the Great Lakes-St. 

Lawrence River region on the scale required by the Agreement and Compact.  Examples that may be 

instructive are either outside of the region or on a scale that makes transferability difficult or impossible.  

Additionally, significant natural variability is constantly present in the Basin, which makes understanding 

water use impacts separate and apart from this variability challenging.   

As a result, the approach in this assessment focuses on the hydrologic effects of Withdrawals, 

Consumptive Uses and Diversions on water supply and flow at Watershed and Basin scales.  These 

hydrologic effects are presented in the context of Watershed and Basin water budgets, that is, the flows 

into and out of each Watershed and the Basin.  This assessment presents water budgets for the Basin as a 

whole and, separately, for each of the individual Watersheds.  These include the watersheds for Lake 

Superior, Lakes Michigan-Huron, Lake Erie, Lake Ontario (collectively, Lakes) and the St. Lawrence 

River (River).  In the future, information may be developed through research and monitoring that would 

enable consideration of impacts other than hydrologic, such as economic and environmental, for the Basin, 

Lake and River Watersheds. 

The timeframe for this assessment is 2006-2010.  For comparative purposes, longer data sets for flows are 

presented to provide a historical context for 2006-2010 data.  The longer data sets are 1948-2010.  Future 

assessments may take a different approach as data and information improve.  To that end, in 2011 the 

Parties adopted new water use reporting protocols that will improve the timeliness, consistency and 

comparability of water use data.  

The Basin water budget is an accounting of water flows into and out of the Basin.  Some of these flows are 

natural and some are constructed or affected by humans.  Withdrawals, Consumptive Uses and Diversions 

are part of the water budget.  All of the flows vary from year to year, either due to natural variability in 

climate or due to human activities. 

Inflows include precipitation on the surface of the Lake(s), surface water runoff to the Lake(s) or River, 

Diversions into some Lakes, and connecting channel flows into each of the Lakes or River, except for 

Lake Superior which does not have an inflowing connecting channel.  Outflows include evaporation from 

the surface of the Lake(s), Diversions from some Lakes, and connecting channels flows out of each of the 

Lakes and Consumptive Uses.  The St. Lawrence River is the outflow for Lake Ontario and the entire 

Basin.  Although Withdrawals are a component of water budgets, this assessment considers only the 

hydrologic effect of Withdrawals, which is Consumptive Use. 

Some Great Lakes have interbasin Diversions, which are Diversions into or out of the Basin. Some Great 

Lakes have intrabasin Diversions, which are Diversions within the Basin from one Watershed to another 

Watershed.  The Parties report Consumptive Uses and Diversions (interbasin and intrabasin) by Watershed 

on an annual basis. 

Separately, groundwater seeps into and out of each Lake and the River through the Lake and River 

bottoms.  In this assessment, however, groundwater seepage into the Lakes and the River is not included, 

for three reasons.  First, there are limited data and computer models regarding seepage.  The only computer 

model for an entire Lake is a recent one for Lake Michigan. Therefore, estimates of seepage into the 
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Lake(s) and the River are not available.  Second, the available data and computer models indicate that 

groundwater seepage is a relatively small component of the Lake(s) water budget and scientists agree the 

amount is less than the uncertainty associated with the major inflows and outflows of the Lake(s).  Third, 

scientists generally ignore groundwater seepage in water budget calculations for the Lake(s), so historical 

and current data are not available.  As data and information improve, this approach can be reconsidered. 

The water budgets presented in the assessment are focused on inflows and outflows.  Clearly, if a Lake has 

an inflow greater than outflow, water levels in the Lake will rise, and vice versa.  The effects of one 

particular inflow or outflow cannot be used to determine effects on water levels of a given Lake in a given 

year.  Rather, the sum of all inflows and all outflows determines Lake levels.  Historical water-level data 

for the Lake(s) is available for the time period covered in this assessment, 1948-2010.  It is difficult, 

however, to directly relate annual water level changes on the Lake(s) to specific amounts of annual water 

flow change.  The specific contribution made by Diversions and Consumptive Uses to water level changes, 

apart from natural variability, is uncertain given the complex hydrology, geographic and temporal 

variability of uses, and other factors.   

Lake Superior and Lake Ontario connecting channel outflows--the St. Marys River and St. Lawrence 

River--are regulated by control structures at Sault St. Marie and Cornwall, respectively.  Decisions about 

operation of these control structures affect historical and current water budgets for the affected Lake(s) and 

connecting channels and must be considered in any budget calculations.  Additional information about 

these operations may be accessed through the International Joint Commission, http://www.ijc.org/. 

Consistent datasets for all inflows and outflows, except Consumptive Uses, are available from 1948-

2010.  Although data for some flows date back to the late 19
th
 century, this assessment requires data on 

all flows and the most consistent data for the Basin begins in 1948.  This data consists of monthly 

computations of each of the inflows and outflows for the Great Lakes and the St. Lawrence River, not 

including Consumptive Uses and smaller Diversions.  Information in this assessment on Consumptive 

Use and all Diversions is reported for 2006-2010.  This information is reported by the Parties and the 

most consistent set of data exist for this time period.  For the purpose of historical context, however, the 

reported data on Consumptive Uses and Diversions is compared against historical data gathered by the 

U.S. Army Corps of Engineers.  For the Basin and each Lake Watershed, individual Diversions are 

aggregated and presented as a single value.  Further information on individual diversions is reported by 

the Parties to the Great Lakes Water Use Database Repository and for, some of these diversions in the 

States, is, separately collected by federal agencies and available from the U.S. Army Corps of Engineers.  

Consumptive Uses are reported by the Parties by Watershed to the Great Lakes Water Use Database 

Repository on an annual basis. 

Flows are complex and can be difficult to relate water supply.  Therefore, the information is presented in 

text, graphic and tabular forms.  Following standard scientific procedures, inflows are presented as positive 

numbers and outflows are presented as negative numbers.  This convention is used to help relate different 

flows to one another and to supply.  It is not intended to communicate a value judgment on whether these 

flows are good or bad for the Basin.  All flows are given in cubic feet per second (cfs).  Sources of all data 

are included in Appendix A, rather than being cited in the text, figures and tables of this report. 

http://www.ijc.org/
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Hydrologic Effects of Consumptive Uses and Diversions 

The following sections discuss the hydrologic effects of Consumptive Uses
2
 and Diversions for the Basin, 

Lakes and River.  In each section, water budgets for the reporting period, 2006-2010, are presented and 

compared to long-term water budgets for 1948-2010 to provide a relative hydrologic context for the 

reporting period.  Consumptive Uses and Diversions are then compared to natural inflows (connecting 

channel, precipitation on the Lake(s), and runoff). 

 

Great Lakes-St. Lawrence River Basin 

 
Figure 1. Great Lakes-St. Lawrence River Basin  

 

Figure 1 shows the Basin and the Watersheds as defined by the Compact and Agreement.  Upstream 

connecting channels are included in each Lake Watershed.  Figure 2 and Table A present a comparison of 

5-year reporting period averages and 62-year historical period averages in water budget data for the Basin.  

                                                      
2 Consumptive Use figures for 2006 do not include data from all Parties, and are lower than the other years used to calculate the 5-year period 

average.  This applies to the Lake Superior, Lakes Michigan-Huron and Lake Erie Watersheds.  Despite this, the 5-year period averages and 62-
year period averages are very similar. 
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As illustrated in Figure 2 and Table A, the largest outflow for the Basin is the St. Lawrence River and the 

smallest is Consumptive Use.  

There is variability in the averages of the Basin water flow components when comparing components 

during these time periods.  Runoff, precipitation on the Lakes, and evaporation from the Lakes are greater 

during the 5-year period compared to the 62-year period. 

Figure 2 and Table A show that the natural inflows and outflows dominate the water budget.  Figure 2 and 

Table A also illustrate that inflows do not always equal outflows, which is attributable to the imprecisions 

inherent in the techniques used to estimate average flows and to changes in storage over time.  Many of 

these flows are imprecisely estimated and therefore have significant uncertainties associated with them.  

However, this is the best data available at this time.   

 

Great Lakes-St. Lawrence River Basin Water Budget 

 

Figure 2. Great Lakes-St. Lawrence River Basin water budget using average annual flows, comparing a five-year 

period (2006-2010) to a historical 62-year period (1948-2010).  

 

The cumulative hydrologic effect of Consumptive Uses and Diversions as compared to natural inflow for 

2006-2010 is shown for the Basin in Figure 3.  Table A includes the flow values used to construct Figure 2 

and shows the amount of Consumptive Uses and Diversions compared to runoff and precipitation. 
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Water Budget Component 5-year Flow (cfs) 62-year Flow (cfs) 

Runoff 211,352 205,992 

Precipitation 230,060 228,168 

Evaporation -203,948 -174,460 

St. Lawrence River -253,260 -256,797 

Interbasin Diversions 4,067 2,292 

Consumptive Uses -2,899 -2,920 

Table A. Water budget average flow values for the Great Lakes-St. Lawrence River Basin, comparing 5-year 

period (2006-2010) to a historical 62-year period (1948-2010). 

 

As illustrated in Table B, for the Basin the cumulative hydrologic effect of Consumptive Uses and 

Diversions (annual averages) are small relative to inflows (runoff plus precipitation).  Further, while 

inflows fluctuate from 2006-2010, the cumulative hydrologic effect of Consumptive Uses and Diversions 

is fairly constant for these annual averages.  The net effect of Consumptive Uses and Diversions is positive 

for the Basin.  In other words, more water is diverted into the Basin than the total combined amount of 

water diverted out of the Basin or withdrawn and not returned.   

 

Cumulative Hydrologic Effects on Flows for the Great Lakes-St. Lawrence River Basin 

 
Figure 3. Cumulative hydrologic effects on flows for the Great Lakes-St. Lawrence River Basin, 2006-2010.  
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Year Runoff + Precipitation (cfs) Consumptive Uses + Diversions (cfs) 

2006 
 

456,180 2,281 

2007 
 

406,936 336 

2008 
 

515,788 818 

2009 
 

453,916 1,009 

2010 374,252 1,399 

Table B. Water budget values in cubic feet per second for the Great Lakes-St. Lawrence River Basin, 2006-2010.  

 
The significance of changes to Basin flow or Lake water levels may differ depending on the temporal and 

geographic scales used or issues of concern related to a particular water use or water user.  Assessments 

conducted at the Basin or Lake Watershed scale by design do not focus on potential impacts at smaller 

scales nor on a particular water use or user.  For example, higher water levels or river flow may generally 

improve boating opportunities or shipping carrying capacities, but also may increase flooding and erosion 

potential in particular areas.  Similarly, certain plants and animals thrive at high water levels or flows, 

while others thrive at low water levels or flows.  The International Upper Great Lakes Study concludes 

fluctuating water levels – which provide for optimal conditions for different species in different years – 

support the most diverse and resilient aquatic ecosystems. 

For the Basin, each Lake Watershed and that of the River has a unique variety of Consumptive Uses and 

Diversions that are described in each of the sections below.  For example, the cumulative hydrologic effect 

of Consumptive Uses and Diversions on the Lake Superior watershed (as for the Basin as a whole) is an 

increase in flow.  Diversions into the Lake Superior watershed exceed Consumptive Uses, resulting in an 

increase in connecting channel outflow as compared to the natural baseline.   
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Lake Superior Watershed 

Inflows to Lake Superior include runoff, precipitation on the surface of Lake Superior, and Diversions.  

Outflows include evaporation from the surface of Lake Superior, outflow from the St. Marys River, and 

Consumptive Uses throughout the Watershed.  Figure 4 shows the watershed. 

 

 
Figure 4. Lake Superior Watershed 

 

Figure 5 and Table C present a comparison of the 5-year period and 62-year period averages in water 

budget data for Lake Superior.  As illustrated in Figure 5 and Table C, the largest outflow for the Lake 

Superior Watershed is the St. Marys River and the smallest is Consumptive Use.  Runoff, precipitation on 

the Lake and flow of the St. Marys River are lower for the 5-year reporting period, whereas evaporation is 

greater.  Specifically, runoff and precipitation for the 5-year period were 17,376 cfs less than the historical 

average while evaporation from the surface of Lake Superior for the 5-year period was 13,240 cfs greater. 

Data in Table C and used in Figure 5 indicate that inflows do not equal outflows.  In some years outflows 

may exceed inflows while in other years inflows may exceed outflows.  This is due in part to changes in 

storage in Lake Superior and in part to a lack of accuracy or uncertainties in measurements or estimates of 
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the flows.  This inequality of inflow and outflow is true for all of the Lake(s) and the River.  Issues of 

uncertainty are discussed in the next main section. 

 

Lake Superior Water Budget 

 

Figure 5. Water budget average flow values for Lake Superior using average annual flows, comparing a 5-year 

period (2006-2010) to a historical 62-year period (1948-2010).  

 

Water Budget Component 5-year Flow (cfs) 62-year Flow (cfs) 

Runoff  39,115 49,984 

Precipitation  65,727 72,234 

Evaporation  -62,911 -49,671 

St. Marys River 
 

-61,287 -76,706 

Diversions 6,209 5,950 

Consumptive Uses -110 -117 

Table C. Water budget average flows for Lake Superior, comparing a 5-year period (2006-2010) to a historical 

62-year period (1948-2010).  

 

The hydrologic effect of Consumptive Uses and Diversions as compared to natural inflows for 2006-2010 

is shown for the Lake Superior Watershed in Figure 6 and Table D.  As previously described, this 

assessment defines a hydrologic effect as the Consumptive Uses plus Diversions compared to the inflows 
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(connecting channel flow plus precipitation and runoff).  Note that the net effect of Consumptive Uses and 

Diversions for Lake Superior is an increased flow of 6,209 cfs during the 5-year reporting period.  As with 

similar information described previously in this assessment, each data point has significant uncertainty 

associated with it, and is based on averages on a 5-year timescale.  Future assessments may take a different 

approach as data and information improve. 

As illustrated in Table D, for the Lake Superior Watershed the hydrologic effect of Consumptive Uses and 

Diversions (annual averages) are small relative to inflows.  Further, while inflows fluctuate from 2006-

2010, the cumulative hydrologic effect of Consumptive Uses and Diversions is fairly constant for these 

annual averages.  The net effect of Consumptive Uses and Diversions is positive for the Lake Superior 

Watershed.   

 

Cumulative Hydrologic Effects on Flows for Lake Superior  

 

Figure 6. Cumulative hydrologic effects on flows for Lake Superior, 2006-2010.  

 

Year Total Inflow 
Estimated net volume of 

consumptive uses and diversions 

Consumptive uses and diversions 
as a percentage of total inflow 

2006 
200  

6,091 
 
 

6,091 
 

6.63% 
 2007  112,680 

 
6,071 5.39% 

2008  121,063 6,112 5.05% 

2009 
 

108,398 6,082 5.61% 

2010 
 

90,176 6,094 6.76% 

Table D. Water budget values in cubic feet per second for Lake Superior, 2006-2010. 
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While the water budgets presented in this assessment focus on flow, water supply can either be described 

in volumetric terms (e.g. quadrillion of gallons) or in terms of water levels for the individual Lakes.  Water 

level data is available both on an historical and current basis.  When compared to this baseline data, water 

levels can help characterize how supply is affected by flow changes.  Accordingly, below are graphic 

presentations for Lake Superior levels, both historically and for the period of 2006-2010.  The historical 

water levels in Figure 7 show natural cyclical variability.  As illustrated in figure 8, water levels during 

2006-2010 also show this variability with an overall range of about .9 feet.  Both figures present average 

data.  The specific contribution made by Diversions and Consumptive Uses at any given point in time or 

space, separate and apart from natural variability, is uncertain given the complex hydrologic, geographic 

and temporal variability of uses, and other factors.  Since Diversions and Consumptive Uses are small 

compared to natural flows, their cumulative hydrologic effect on water levels is likewise small.   

 

Water Level of Lake Superior, 1860-2010  

 
Figure 7. Historical water levels for Lake Superior, 1860-20103 

                                                      
3 Water levels presented throughout this assessment are compared against International Great Lakes Datum (IGLD) 1985. IGLD is the reference 
system by which Great Lakes-St. Lawrence River Basin water levels are measured. It consists of benchmarks at various locations on the Lakes and 

St. Lawrence River that roughly coincide with sea level. All water levels are measured in feet or meters above this point. Movements in the earth's 

crust necessitate updating this datum every 25-30 years. The first IGLD was based upon measurements and bench marks that centered on the year 
1955. The most recently updated datum uses calculations that center on 1985. 
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Water Level of Lake Superior, 2006-2010 

 

Figure 8. Water levels for Lake Superior, 2006-2010.  
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Lakes Michigan-Huron Watershed 

Inflows to Lakes Michigan-Huron include the St. Marys River, runoff, precipitation on the surface of the 

Lakes, and Diversions.  Outflows for the Watershed include the St. Clair River; evaporation from the surface of 

the Lakes, Diversions and Consumptive Uses throughout the Watershed.  Figure 9 shows the watershed.  

 

 
Figure 9. Lakes Michigan-Huron Watershed 

 
Figure 10 and Table E present a comparison of the 5-year period and 62-year period averages in water 

budget data for Lakes Michigan-Huron.  As illustrated in Figure 10 and Table E, the largest outflow for the 

Lakes Michigan-Huron Watershed is the St. Clair River and the smallest is Consumptive Use.  Runoff, 

precipitation on the Lakes, and evaporation from the Lakes are higher for the 5-year reporting period, 

whereas connecting channel flows are lower.  Specifically, runoff and precipitation were 11,129 cfs greater 

during the 5-year period and evaporation from the surface of Lakes Michigan-Huron was 14,383 cfs 

greater during the 5-year period.  As noted previously, groundwater seepage into the Lakes and the River 

is not included in water budgets because of a lack of data.  For Lake Michigan, however, the U.S. 

Geological Survey has developed a groundwater flow model that calculates groundwater seepage of 337 

cfs.  Lake Michigan is the only Great Lake for which such an estimate is available.   
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Data in Table E and used in Figure 10 indicate that inflows do not equal outflows.  In some years outflows 

may exceed inflows while in other years inflows may exceed outflows.  This is due in part to changes in 

storage in Lakes Michigan-Huron and in part to a lack of accuracy or uncertainties in measurements or 

estimates of the flows.  This inequality of inflow and outflow is true for all of the Lake(s) and the River.  

Issues of uncertainty are discussed in the next main section. 

 

Lakes Michigan-Huron Water Budget 

 
Figure 10. Water budget average flow values for Lakes Michigan-Huron using average annual flows, comparing 

a 5-year period (2006-2010) to a historical 62-year period (1948-2010).   

 

Water Budget Component 5-year Flow (cfs) 62-year Flow (cfs) 

St. Marys River 61,287 76,706 

Runoff  100,034 94,797 

Precipitation  116,443 110,551 

Evaporation  -99,068 -84,685 

St. Clair River 
 

-173,011 -118,640 

Diversions -2,149 -3,171 

Consumptive Uses -1,117 -1,166 

Table E. Water budget average flows for Lakes Michigan-Huron, comparing a 5-year period (2006-2010) to a 

historical 62-year period (1948-2010). 
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The hydrologic effect of Consumptive Uses and Diversions as compared to natural inflows for 2006-2010 

is shown for the Lakes Michigan-Huron Watershed in Figure 11.  As previously described, this assessment 

defines a hydrologic effect as the Consumptive Uses plus Diversions compared to the inflows (connecting 

channel flow plus precipitation and runoff).  Table F includes the flow values used to construct Figure 11 

and shows the volume of Consumptive Uses and Diversions compared to runoff and precipitation.  As with 

similar information described previously in this assessment, each data point has significant uncertainty 

associated with it, and is based on averages on a 5-year timescale.  Future assessments may take a different 

approach as data and information improve. 

As illustrated in Table F, for the Lakes Michigan-Huron Watershed the hydrologic effect of Consumptive 

Uses and Diversions (annual averages) are small relative to inflows.  The net effect of Diversions and 

Consumptive Uses is an increased outflow of 3,326 cfs for the 5-year reporting period.  Further, while 

inflows fluctuate from 2006-2010, the hydrologic effect of Consumptive Uses and Diversions is fairly 

constant for these annual averages. 

 

Cumulative Hydrologic Effects on Flows for Lakes Michigan-Huron 

 

Figure 11. Cumulative hydrologic effects on flows for Lakes Michigan-Huron, 2006-2010.  
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Year Total Inflow 
Estimated net volume of 

consumptive uses and diversions 

Consumptive uses and diversions 
as a percentage of total inflow 

2006 
200  

295,087 -2,505 0.85% 

2007  236,860 -4,063 1.72% 

2008  323,688 -3,680 1.14% 

2009 
 

295,201 -3,406 1.15% 

2010 
 

237,979 -2,979 1.25% 

Table F. Water budget values in cubic feet per second for Lakes Michigan-Huron, 2006-2010.  

 
While the water budgets presented in this assessment focus on flow, water supply can either be 

described in volumetric terms (e.g. quadrillion of gallons) or in terms of water levels for the individual 

Lakes.  Water level data is available both on an historical and current basis.  When compared to this 

baseline data, water levels can help characterize how supply is affected by flow changes.  Accordingly, 

below are graphic presentations for Lakes Michigan-Huron water levels, both historically and for the 

period of 2006-2010.  The historical water levels in Figure 12 show natural cyclical variability.  As 

illustrated in figure 13, water levels during 2006-2010 also show this variability with an overall range of 

about 1 foot.  Both figures present average data.  The specific contribution made by Diversions and 

Consumptive Uses at any given point in time or space, separate and apart from natural variability, is 

uncertain given the complex hydrologic, geographic and temporal variability of uses, and other factors.  

Since Diversions and Consumptive Uses are small compared to natural flows, their hydrologic effect on 

water levels is likewise small.   

Water Level of Lakes Michigan-Huron, 1960-2010 

 

Figure 12. Historical water levels for Lakes Michigan-Huron, 1860-2010.  



Cumulative Impact Assessment of Withdrawals, Consumptive Uses and Diversions | 2006 - 2010 

21 

Water Level of Lakes Michigan-Huron, 2006-2010 

 
Figure 13. Water levels for Lakes Michigan-Huron, 2006-2010.  
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Lake Erie Watershed 

Inflows to Lake Erie include the Detroit River, runoff, precipitation on the surface of the Lake and 

Diversions.  The Detroit River inflow incorporates runoff from the area between the Detroit River 

measurement site and the St. Clair River measurement site, as well as precipitation on and evaporation 

from Lake St. Clair.  Outflows include the Niagara River, evaporation from the surface of the Lake, 

Diversions and Consumptive Uses throughout the Watershed.
4
  Figure 14 shows the watershed.  

 

 
Figure 14. Lake Erie Watershed 

 
Figure 15 and Table G present a comparison of the 5-year period and 62-year period averages in water 

budget data for Lake Erie.  As illustrated in Figure 15 and Table G, the largest outflow for the Lake Erie 

Watershed is the Niagara River and the smallest is Consumptive Use.  Most flows are similar between the 

two time periods; connecting channel flows, however, are lower for the 5-year reporting period.  

Specifically, runoff and precipitation on the surface of Lake Erie were 5,809 cfs greater during the 5-year 

period, whereas flow of the Detroit River and Niagara River were 13,681 cfs and 9,505 cfs, respectively, 

less during the 5-year period.   

                                                      
4 Diversion data for the Lake Erie Watershed include an intrabasin diversion at Welland Canal.  
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Data in Table G and used in Figure 15 indicate that inflows do not equal outflows.  In some years outflows 

may exceed inflows while in other years inflows may exceed outflows.  This is due in part to changes in 

storage in Lake Erie and in part to a lack of accuracy or uncertainties in measurements or estimates of the 

flows.  This inequality of inflow and outflow is true for all of the Lake(s) and the River.  Issues of 

uncertainty are discussed in the next main section. 

 

Lake Erie Water Budget 

Figure 15. Water budget average flow values for Lake Erie using average annual flows, comparing a 5-year 

period (2006-2010) to a historical 62-year period (1948-2010). 

 

 

Water Budget Component 5-year Flow (cfs) 62-year Flow (cfs) 

Detroit River 180,836 194,517 

Runoff  28,227 23,658 

Precipitation  27,804 26,564 

Evaporation  -28,151 -26,602 

Niagara River 
 

-203,163 -212,668 

Diversions -8,994 -7,851 

Consumptive Uses -728 -763 

Table G. Water budget average flows for Lake Erie, comparing a 5-year period (2006-2010) to a historical 62-

year period (1948-2010). 
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The hydrologic effect of Consumptive Uses and Diversions as compared to natural inflows for 2006-2010 

is shown for the Lake Erie Watershed in Figure 16.  As previously described, this assessment defines a 

hydrologic effect as the Consumptive Uses plus Diversions compared to the inflows (connecting channel 

flow plus precipitation and runoff).  Table H includes the flow values used to construct Figure 16 and 

shows the volume of Consumptive Uses and Diversions compared to runoff and precipitation.  As with 

similar information described previously in this assessment, each data point has significant uncertainty 

associated with it, and is based on averages on a 5-year timescale.  Future assessments may take a different 

approach as data and information improve. 

As illustrated in Table H, for the Lake Erie Watershed the cumulative hydrologic effect of Consumptive 

Uses and Diversions (annual averages) are small relative to inflows.  The net effect of Diversions and 

Consumptive Uses is an increased outflow of 9,721 cfs for the 5-year reporting period.  Further, while 

inflows fluctuate from 2006-2010, the hydrologic effect of Consumptive Uses and Diversions is fairly 

constant for these annual averages. 

 

Cumulative Hydrologic Effects on Flows for Lake Erie 

 

Figure 16. Cumulative hydrologic effects on flows for Lake Erie, 2006-2010.  
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Year Total Inflow 
Estimated net volume of 

consumptive uses and diversions 

Consumptive uses and diversions 
as a percentage of total inflow 

2006 
200  

241,660 -9,486.5 3.93% 

2007  226,724 -9,800.4 4.32% 

2008  243,728 -9,759.0 4.00% 

2009 
 

244,349 -9,766.8 4.00% 

2010 
 

227,871 -9,793.5 4.30% 

Table H. Water budget values in cubic feet per second for Lake Erie, 2006-2010. 

 
While the water budgets presented in this assessment focus on flow, water supply can either be described 

in volumetric terms (e.g. quadrillion of gallons) or in terms of water levels for the individual Lakes.  Water 

level data is available both on an historical and current basis.  When compared to this baseline data, water 

levels can help characterize how supply is affected by flow changes.  Accordingly, below are graphic 

presentations for Lake Erie water levels, both historically and for the period of 2006-2010.  The historical 

water levels in Figure 17 show natural cyclical variability.  As illustrated in Figure 18, water levels during 

2006-2010 also show this variability with an overall range of about .6 feet.  Both figures present average 

data.  The specific contribution made by Diversions and Consumptive uses at any given point in time or 

space, separate and apart from natural variability, is uncertain given the complex hydrologic, geographic 

and temporal variability of uses, and other factors.  Since Diversions and Consumptive uses are small 

compared to natural flows, their cumulative hydrologic effect on water levels is likewise small.   

 

Water Level of Lake Erie, 1860-2010 

 
Figure 17. Historical water levels for Lake Erie, 1860-2010. 



Cumulative Impact Assessment of Withdrawals, Consumptive Uses and Diversions | 2006 - 2010 

26 

Water Level of Lake Erie, 2006-2010 

 

Figure 18. Water levels for Lake Erie, 2006-2010. 
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Lake Ontario Watershed  

Inflows to Lake Ontario include the Niagara River, runoff, precipitation on the surface of the Lake and 

Diversions.  Outflows for the Watershed include the St. Lawrence River, evaporation from the surface of 

the Lake, Diversions, and Consumptive Uses throughout the Watershed.  Figure 19 shows the watershed.  

The measuring location for the St. Lawrence River is downstream from the Watershed as shown in figure 

19.  Thus, some of the St. Lawrence River outflow reported in this section is not from the Lake Ontario 

Watershed but from the St. Lawrence River Watershed.   

 

 
Figure 19. Lake Ontario Watershed. 

 
Figure 20 and Table I present a comparison of the 5-year period and 62-year period averages in water 

budget data for Lake Ontario.  As illustrated in Figure 20 and Table I, the largest outflow for the Lake 

Ontario Watershed is the St. Lawrence River and the smallest is Consumptive Use.  Flows for the two 

time periods are fairly similar.  Specifically, runoff and precipitation on the surface of Lake Ontario was 

7,962 cfs greater during the 5-year period, while flow of the Niagara River was 9,505 cfs less during the 

5-year period.   
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Data in Table I and used in Figure 20 indicate that inflows do not equal outflows.  In some years outflows 

may exceed inflows while in other years inflows may exceed outflows.  This is due in part to changes in 

storage in Lake Ontario and in part to a lack of accuracy or uncertainties in measurements or estimates of 

the flows.  This inequality of inflow and outflow is true for all of the Lake(s) and the River.  Issues of 

uncertainty are discussed in the next main section. 

 

Lake Ontario Water Budget 

Figure 20. Water budget average flow values for Lake Ontario using average annual flows, comparing a 5-year 

period (2006-2010) to a historical 62-year period (1948-2010).   

 

 

Water Budget Component 5-year Flow (cfs) 62-year Flow (cfs) 

Niagara River 203,163 212,668 

Runoff 43,978 37,552 

Precipitation 20,087 18,821 

Evaporation -13,818 -13,503 

St. Lawrence River -253,260 -256,797 

Diversions 8,914 7,851 

Consumptive Uses -564 -561 

Table I. Water budget average flows for Lake Ontario, comparing a 5-year period (2006-2010) to a historical 62-

year period (1948-2010). 
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The hydrologic effect of Consumptive Uses and Diversions as compared to natural inflows for 2006-2010 

is shown for the Lake Ontario Watershed in Figure 21.  The net effect is an increased inflow of 9,478 cfs 

for the 5-year reporting period.  As previously described, this assessment defines a hydrologic effect as the 

Consumptive Uses plus Diversions compared to the inflows (connecting channel flow plus precipitation 

and runoff).  Table J includes the flow values used to construct Figure 21 and shows the volume of 

Consumptive Uses and Diversions compared to runoff and precipitation.  As with similar information 

described previously in this assessment, each data point has significant uncertainty associated with it, and 

is based on averages on a 5-year timescale.  Future assessments may take a different approach as data and 

information improve. 

As illustrated in Table J, for the Lake Ontario Watershed the cumulative hydrologic effect of Consumptive 

Uses and Diversions (annual averages) are small relative to inflows.  Further, while inflows fluctuate from 

2006-2010, the cumulative hydrologic effect of Consumptive Uses and Diversions is fairly constant for 

these annual averages. 

 

Cumulative Hydrologic Effects on Flows for Lake Ontario 

 

Figure 21. Cumulative hydrologic effects on flows for Lake Ontario, 2006-2010.  
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Year Total Inflow 
Estimated net volume of 

consumptive uses and diversions 

Consumptive uses and diversions 
as a percentage of total inflow 

2006 283,502 9,441 3.33% 

2007 264,902 9,468 3.57% 

2008 285,508 9,456 3.31% 

2009 280,261 9,505 3.39% 

2010 259,688 9,523 3.67% 

Table J. Water budget values in cubic feet per second for Lake Ontario, 2006-2010.  

  
While the water budgets presented in this assessment focus on flow, water supply can either be described in 

volumetric terms (e.g. quadrillion of gallons) or in terms of water levels for the individual Lakes.  Water level 

data is available both on an historical and current basis.  When compared to this baseline data, water levels can 

help characterize how supply is affected by flow changes.  Accordingly, below are graphic presentations for 

Lake Ontario water levels, both historically and for the period of 2006-2010.  The historical water levels in 

Figure 22 show natural cyclical variability.  As illustrated in figure 23, water levels during 2006-2010 also show 

this variability with an overall range of about .7 feet.  Both figures present average data.  The specific 

contribution made by Diversions and Consumptive Uses at any given point in time or space, separate and apart 

from natural variability, is uncertain given the complex hydrologic, geographic and temporal variability of uses, 

and other factors.  Since Diversions and Consumptive Uses are small compared to natural flows, their 

cumulative hydrologic effect on water levels is likewise small.   

 

Water Level of Lake Ontario, 1860-2010 

 

Figure 22. Historical water levels for Lake Ontario, 1860-2010.  
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Water Level of Lake Ontario, 2006-2010 

 
Figure 23. Water levels for Lake Ontario, 2006-2010.  
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St. Lawrence River Watershed 

The St. Lawrence River Watershed in the Compact and Agreement is shown in Figure 24.  The measuring 

location for the St. Lawrence River at Cornwall, Ontario is actually downstream from the western part of 

the watershed shown in figure 24.  Thus some of the St. Lawrence River inflow reported in this section is 

not only from the Lake Ontario Watershed, but from the western part of the St. Lawrence River Watershed.   

 

 
Figure 24. St. Lawrence River Watershed. 

 

Precipitation on and evaporation from the River are not included in the water budget for the River because 

they contain a very small surface area compared to the Watershed and no data for these components are 

available.  Runoff is also not reported since it is simply the difference between flow measurements for the 

River at Cornwall, Ontario and modeled estimates of flow at Trois Rivières, Québec.  Additionally, no 

Diversions are reported by the Parties for the River Watershed. 

Accordingly, the water budget for the St. Lawrence River Watershed is different than those for the Lakes.  

Inflow consists of the St. Lawrence River flow measured at Cornwall, Ontario.  Outflow consists of the 

River’s flow modeled at Trois Rivieres, Québec and Consumptive Uses throughout the Watershed. 
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Figure 25 shows water budget data for 2006-2010.  As illustrated in Table K, for the St. Lawrence  

River Watershed the hydrologic effect of Consumptive Use is small relative to inflows.  Further, while 

inflows fluctuate from 2006-2010, the hydrologic effect of Consumptive Use is fairly constant for these 

annual averages. 

 

St. Lawrence River Water Budget 

 

Figure 25. Water budget average flow values for the St. Lawrence River using average annual flows, comparing 

a 5-year period (2006-2010) to a historical 62-year period (1948-2010).  
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Cumulative Hydrologic Effects on Flows for the St. Lawrence River 

 
Figure 26. Cumulative hydrologic effects on flows for the St. Lawrence River, 2006-2010.  

 

 

Year Total Inflow 
Estimated net volume of 

consumptive uses and diversions 

Consumptive uses and diversions 
as a percentage of total inflow 

2006 253,307 -302 0.12% 

2007 248,777 -324 0.13% 

2008 259,043 -323 0.12% 

2009 265,691 -324 0.12% 

2010 239,481 -327 0.14% 

Table K. Water budget values in cubic feet per second for the St. Lawrence River, 2006-2010.  
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Consideration of Uncertainty 

All components of the Basin water budget have significant uncertainty.  Runoff, evaporation from the 

Lake surfaces, and precipitation on the Lake surfaces are all calculated using models that compute 

watershed values from point data.  No data exists, however, for many areas within the Basin and each 

Watershed.  For instance, 34 percent of the Lake Huron watershed has no streamflow gauges, and runoff 

from this area is estimated from nearby gauges.  Additionally, precipitation on the surfaces of the Lakes is 

calculated almost entirely from precipitation gauges that are near, but not on, the Lakes.  The amount of 

uncertainty associated with various components of the water budget is difficult to quantify, but, as 

referenced in the appendix, scientists estimate it may range from 15-35 percent for runoff, 15-45 percent 

for precipitation on the Lake surfaces, and 10-35 percent for evaporation from the Lake surfaces.  The 

recent International Upper Great Lakes Study (IUGLS) has resulted in increased emphasis and research 

regarding uncertainty and the Great Lakes water budget.  Appendix A includes references to recent 

technical publications associated with uncertainty in the Basin water budget. 

Consumptive Use data also includes significant uncertainty.  Consumptive use is seldom measured 

directly.  In most cases, Consumptive Use is calculated using a coefficient that represents a percentage of 

water consumed for a particular category, such as domestic use, industrial use or irrigation.  Each category 

has a wide range of reported values in the literature, and an average value for a category is generally used.  

Each of the Parties reports Consumptive Use by Watershed to the Great Lakes Commission annually for 

input to the water use database, and the Parties make independent decisions regarding the application of 

Consumptive Use coefficients.  In 2011, under the Agreement, the Parties adopted new water use reporting 

protocols that will improve the timeliness, consistency and comparability of water use data.  Appendix A 

includes information about the regional water use database and includes references to recent technical 

publications associated with Consumptive Use. 

Uncertainty in the Basin water budget components is much larger than total Consumptive Uses.  For 

example, total runoff to the Basin in 2008 was 259,888 cfs.  Assuming a 15 percent uncertainty, the 

amount of calculated runoff may be off by over 38,000 cfs.  In comparison, Consumptive Use in 2008 was 

only 3,016 cfs.  As a result of this, the hydrologic effects of Consumptive Uses on flows and water levels 

are masked by uncertainties in the natural inflows and outflows. 
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Consideration of Climate Change,  

Adaptive Management and Future Work 

The effects of climate change on water levels in the Basin are difficult to model due to the uncertainty 

associated with future climate scenarios and the uncertainty in the calculation of Basin water budget 

components.  Recent research conducted through the IUGLS shows an increasing trend in evaporation 

from all of the Lakes since 1948.  This has been offset to some extent by increased precipitation, except 

for on Lake Superior.  Thus this research suggests that the net effect on water levels is not as great as 

reported in previous studies.  Climate modeling conducted through the IUGLS shows that water levels 

on Lakes Michigan-Huron may decrease by 0.75 feet by 2050.  Another modeling approach predicted 

monthly levels might decrease by 0.16 feet.  Yet other models have predicted an increase in water levels.  

In any case, a key point of the IUGLS is that “changes in lake levels in the near-term future may not be 

as extreme as previous studies have predicted.  In all likelihood, Lake levels are likely to continue to 

fluctuate, but still remain within a narrow historical range.  While lower levels are considered most 

likely, the possibility of higher levels cannot be dismissed.”  The study concluded: “In terms of the 

limits of the Study’s hydroclimatic analysis, perhaps most notable from the perspective of effective lake 

regulation is how little the lake dynamics on inter-annual and decadal timescales are understood. Despite 

best efforts, the lake levels remain almost entirely unpredictable more than a month ahead.”  As is stated 

in Article 209 of the Agreement and Section 4.15.1b of the Compact, this assessment shall “give 

substantive consideration to climate change…and take into account the current state of scientific 

knowledge, or uncertainty, and appropriate Measures to exercise caution in cases of uncertainty if 

serious damage may result.”  Furthermore, other factors including isostatic rebound and dredging affect 

Lake water levels.  More information on these factors is available from the International Joint 

Commission and the IUGLS.  

Adaptive management has various definitions, but under the Agreement and Compact is defined as…”a 

water resources management system that provides a systematic process for evaluation, monitoring and 

learning from the outcomes of operational programs and adjustment of policies, plans and programs 

based on experience and the evolution of scientific knowledge concerning water resources and water-

dependent resources.”  In other words, adaptive management essentially is a decision making process 

that seeks, in the face of uncertainty, to improve resource management by learning from previously 

employed policies and practices.  Adaptive management requires monitoring of the resource and 

benefits from modeling.  As more is understood about the hydrologic effects of Diversions and 

Consumptive Uses, adaptive management will be an even more increasingly useful tool in addressing 

these effects.  As noted in the Introduction, the review and potential revisions to Basin-wide water 

conservation and efficiency goals and objectives pursuant to Article 304 paragraph 3 of the Agreement 

and Section 4.2.3 of the Compact, and other future work, must be in part based on the cumulative impact 

assessment.    Additionally, the Parties will promote an adaptive management approach to the 

conservation and management of Basin Water resources pursuant to Article 100 of the Agreement and 

Section 1.3.2h of the Compact.   

Cumulative impact assessments require reliable data and information regarding the Basin water budget 

and Consumptive Uses.  As noted already in this report, much of this data and information has 
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significant uncertainty associated with it.  While work is needed in many areas to improve Basin water 

budget data and reduce uncertainty, several particular areas stand out for near-term action: 

 U.S. and Canadian federal agencies should reach consensus on coordinated water budget data to be 

accessed on an ongoing basis by decision makers and the public.  The lack of coordinated data and 

processes for making these data accessible makes assessments such as this one dependent on the 

one-time creation of data by representatives of federal agencies.  This arrangement is limiting, 

lacking in transparency and, in any case, reliant on the goodwill of federal agencies to provide 

needed information in a timely and accurate manner.  The Regional Body and Compact Council 

are seeking to partner with the federal agencies to address this issue, and have applied for a grant 

through the NOAA Regional Ocean Partnership program to improve this process for future 

assessments. 

 Research is needed to improve estimates of Consumptive Use and to improve consistency in 

application of Consumptive Use coefficients by the Parties. 

 Further work is needed to improve understanding of the impacts of new or increased withdrawals 

on flows, associated chemical and biological conditions, as well as on other water uses at scales 

from local to regional to Basin. 

 Improved methods to improve calculations of runoff, evaporation from the Lakes, and 

precipitation on the Lakes are ongoing at Provincial and federal agencies, and universities.  This 

research is vital to understanding the natural variability of the Basin water balance and to assessing 

potential changes in the future. 

 Prompted in part by IUGLS, federal agencies are also seeking to improve measurement and 

computation of flows in the connecting channels and these efforts require ongoing funding. 

 

As noted in the Introduction, future Cumulative Impacts shall be conducted upon the earlier of: 

a. Every 5 years; 

b. Each time the incremental losses to the Basin reach 50,000,000 gallons  (190,000,000 litres) per 

day average in any 90-day period in excess of the quantity at the time of the last assessment; or, 

c. At the request of one or more of the Parties. 

 

The new water use reporting protocols mentioned above will help to better determine when the 

incremental water losses to the Basin are such that an assessment is required.  As noted throughout this 

assessment, however, further improvements are needed in data and information in order to track an 

incremental loss of 50,000,000 gallons per day with certainty.   
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Appendix 

Sources of Data and Information 

Numbers in this assessment, in text, graphs and tables, are all derived from the following sources. 

 

Runoff  

Monthly values from 1948-2010 are calculated by National Oceanic Atmospheric Administration’s Great 

Lakes Environmental Laboratory (GLERL).  The data are updated periodically and are in spreadsheets that 

can be downloaded from GLERL’s web site.  Values were converted from millimeters over the lake 

surface area to cubic feet per second using coordinated lake areas. 

 

For Lake Superior, GLERL’s runoff figure includes the Ogoki Diversion.  In this assessment, the Ogoki 

Diversion was subtracted from GLERL’s runoff using the Binational Coordinating Committee on Basic 

Hydrologic and Hydraulic Data (Coordinating Committee) Ogoki Diversion flow estimates, since 

Diversions are considered separately from runoff. 

 

Evaporation 

Monthly values from 1948-2010 are calculated by GLERL.  The data are updated periodically and are in 

spreadsheets that can be downloaded from GLERL’s web site.  Values were converted from millimeters 

over the lake surface area to cubic feet per second using coordinated lake areas. 

 

Precipitation 

Monthly values from 1948-2010 are calculated by GLERL.  The data are updated periodically and are in 

spreadsheets that can be downloaded from GLERL’s web site.  Values were converted from millimeters 

over the lake surface area to cubic feet per second using coordinated lake areas. 

 

Connecting Channel flows 

Monthly values from 1948-2010 for the St. Marys, St. Clair, Detroit, Niagara, and St. Lawrence (at 

Cornwall, Ontario) Rivers were provided by the U.S. Army Corp of Engineers, Detroit District, on behalf 

of the Coordinating Committee.  All flows but for the St. Lawrence at Cornwall are coordinated.  That is, 

the Coordinating Committee has agreed to these numbers.  Flows for the St. Lawrence River are 

considered final through 2010.  

 

Annual flows from 1948-2010 for the St. Lawrence River at Trois Rivieres, Québec were provided by 

Environment Canada.  These flows are considered provisional. 

  

Diversions and Consumptive Uses 

Diversions and Consumptive Uses are reported annually by each Party by Watershed to the Great Lakes 

Commission.  The Great Lakes Commission maintains the Great Lakes Water Use Database Repository on 

behalf of the Parties.  This database includes data from 1998-2010. Earlier data is available only in paper 

or PDF format.  In this assessment, only data from 2006-2010 are reported due to quality and 

consistency issues with earlier data.  If these issues are resolved, earlier data can be included in future 

assessments of cumulative impacts. 
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For comparative purposes, this assessment uses data from 1948-2010 provided by the U.S. Army Corps of 

Engineers.  While these data may differ from those included in the Great Lakes Water Use Database 

Repository, they provide a historical context for Diversions and Consumptive Uses.  For the Lakes 

Michigan-Huron Watershed, the five-year average data for Diversions do not include stormwater runoff, 

whereas the 1948-2010 data include stormwater runoff.  Stormwater runoff is estimated to be in the range 

of 800 cfs on a long term annual average basis. 

 

Further information on individual diversions is reported by the Parties to the Great Lakes Water Use 

Database Repository.  Information on some of these diversions in the States is separately collected by 

federal agencies, and is available from the U.S. Army Corps of Engineers. 

 

Water levels 

Lakes levels from 1948-2010 were downloaded from GLERL’s web site. These are an average annual lake 

level for each lake in meters using the IGLD85 datum. 

 

Other water budget assessments have estimated the effect of Diversions and Consumptive Uses on water 

levels.  For further information on this effect, see for example the International Joint Commission’s Great 

Lakes Study Water Use Report and Water Uses Reference Study. 
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