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Great Lakes Water Quality Agreement

Purpose:  … provide a vital framework for 
binational consultation and cooperative action to 
restore, protect and enhance the water quality of 
the Great Lakes to promote the ecological health 
of the Great Lakes basin.
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GLWQA 10 Annexes

Areas of Concern, 
Lakewide Management, 

Chemicals of Mutual Concern, 
Nutrients, 

Discharges from Vessels, 
Aquatic Invasive Species, 

Habitat and Species, 
Groundwater, 

Climate Change Impacts, 
Science.



GLWQA Annex 8 Groundwater 
Basic Commitments

1. Publish an initial report on the relevant and available 
groundwater science by February 12, 2015 and 
update this report at least once every six years;

2. Identify priorities for science activities and actions 
for groundwater management, protection, and 
remediation; and

3. Coordinate binational activities under this Annex, 
together with domestic programs, to assess, protect, 
and manage the quality of groundwater, and to 
understand and manage groundwater-related 
stresses affecting the Waters of the Great Lakes.
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Canada-Ontario Agreement (COA) on Great 
Lakes Water Quality and Ecosystem Health

Purpose: … outlines how the governments of 
Canada and Ontario will cooperate and coordinate 
their efforts to restore, protect and conserve the 
Great Lakes basin ecosystem.
… and how to meet GLWQA commitments.



Bi-National Groundwater Science Report

Groundwater science relevant to the 
Great Lakes Water Quality Agreement: A 
status report, with recommendations.
Prepared by the Annex 8 Subcommittee
Editors:  Norm Grannemann, United States 
Geological Survey and Dale Van 
Stempvoort, Environment Canada
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Bi-National Groundwater Science Report: 
Science Chapters

1. Groundwater-Surface Water Interaction
2. Contaminants
3. Nutrients
4. Aquatic Habitats
5. Impacts of Urban Development and 

Infrastructure
6. Climate Change
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Identifying Groundwater Science Needs 
and Information Gaps

• Science Needs: Areas where there is a lack of 
understanding about how the system works, such as 
basic processes or relationships between components of 
the system.

• Information Gap: Information gaps are considered to be 
a lack of data rather than a lack of scientific 
understanding, meaning it is known how the system 
works but there is insufficient data or measurements to 
answer the questions being asked.  
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Groundwater and Climate Change 
Chapter Authors

• Jon Sykes, University of Waterloo (retired)
• David Hyndman, University of Michigan
• Scott MacRitchie, MOECC
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Climate Change:  
What has been observed?

• Cold season precipitation and air 
temperature have increased significantly 
from 1916 through 2007 while cold season 
snowfall has decreased significantly 

• Statistically significant increases in some 
precipitation and streamflow gauges over 
the period 1930 to 2000
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Climate Change:  
What has been observed?

• For eastern North America including the 
Great Lakes Basin, snowmelt runoff 
occurs earlier by about 5 to 10 days.

• No significant trend for earlier freshet in 
Ontario (RHBN watersheds) or in 
Minnesota.
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Climate Change and Groundwater Quantity:  
What is being projected?
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Grand River, Lansing, 
MI: GW Recharge 
+4.1 to -19 

Southern Ontario: GW 
Discharge
+3 to -19 

Grand River, ON:  
GW Recharge 100 
mm increase



Climate Change and Groundwater Quantity:  
What is being projected?
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g
des Anglais 
catchment in 
southwestern 
Quebec 

Canadian Regional 
Climate Model 
(CRCM) Emissions 
Scenario A2  

CATHY is a coupled 
physically based, 
spatially distributed 
model for surface‐
subsurface simulations

Significant increase in winter 
season recharge due to a 
higher rain/snow ratio caused
by higher temperatures, less 
recharge in the spring due to 
an earlier and less intense 
snowmelt, a general decrease
over the summer due to 
increased evaporation, and an
increase in the fall due to 
increased precipitation



Climate Change and Groundwater Quality:  
What is being projected?

• Groundwater quality can be a complex 
function of the chemical, physical, and 
biological characteristics of a watershed

• No studies on groundwater quality in GLB
• UK: effect of climate change on pesticide 

fate and transport is likely to be highly 
variable and difficult to predict

•
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Non-Climatic Factors

• In some areas the effects of human 
activities will be greater than those caused 
by a changing climate 

• Deforestation in the Great Lakes region of 
Minnesota, Wisconsin, and Michigan 
resulted in a 5-15% decrease in ET and a 
10-30% increase in total runoff
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Science Needs

• Development and application of methods 
for uncertainty analysis for each step of 
the down-scaling-modeling approach;

• Development of methods for identifying 
and assessing changing frequency and 
intensity of extreme events, e.g. flood and 
drought;
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Science Needs

• Development and application of integrated 
models for climate, surface water and 
groundwater.  Better land surface models 
for GCMs.

• Development and application of future 
land and water use scenarios for modeling 
effects on groundwater resources.
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Information Gaps

• Identification of Intensity-Duration-
Frequency curves using climate model 
projections and how to use them;

• Application of drought and flood indices to 
GCM/RCM output;

• Statistically significant trends on changing 
frequency of extreme events.
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Information Gaps

• More long term groundwater level and 
quality monitoring for validating models 
and assessing climate and land use 
change;

• More integrated monitoring of the water 
cycle to provide data to allow impact 
assessment;
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Information Gaps

• Integrated data platform to allow access to 
the variety of physical, ecological, 
infrastructure, and population (census) 
data to generate scenarios and models.
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Other Groundwater Science Needs and 
Information Gaps
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To assess impact of groundwater on the quality of Great 
Lakes waters need to understand or develop or identify or 
collate/collect:
•Transition Zone, hyporheic zone, biogeochemistry –
ecological services provided by groundwater.
•Groundwater Discharge Quantification:  Tools/methods to 
measure reach, subwatershed, regional discharge (hot 
spots and hot moments).
•Cumulative effects:  impacts due to changes in climate,  
land and water use.
•Shallow, sensitive hydrostratigaphy system that discharges 
to surface water.



Next Steps

• Public review of Groundwater Science 
Report on binational.net;

• Revision, then publication end of 2015;
• More GLWQA under Annex 10 Science:  

Groundwater Quality Indicator –
Environment Canada, MOECC, USGS 
and U.S. EPA.
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