Effects of climate change on the hydrodynamics and
groundwater-dependent ecosystem of Covey Hill, Quebec
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Introduction

Groundwater Flow Model

Climate Change Scenarios

The rapidly changing environment, caused by a
global increase in human activity, is greatly
impacting ecosystems. Groundwater-dependent
ecosystems are affected when water resources decline
due to climate change. The aim of this research is to
explore the effects of climate change on a
groundwater system that supports a fragile
ecosystem and endangered salamander species to
ultimately recommend measures of ecological
conservation.

A three-dimensional numerical model is used to simulate groundwater flow within
the study area of Covey Hill (Figures 2 and 3). The model was developed using
MODFLOW software (Harbaugh, 2005) with the following properties:

?
The study of climate change has been

Research Site

2

?
Covers a total area of 173 km
?
Extends from a southern watershed boundary (no flow boundary), from the

flow line of the Allen River on the eastern limit (no flow boundary) and
northwest to the Outardes and the Noire rivers ( constant head boundaries)
?
Comprised of 16 layers of varying thickness for a total of 96m
?
Includes 7 recharge zones and 4 hydraulic conductivity zones (Figure 3)
A sensitivity analysis of the hydrological model was conducted to identify the
variables and parameters that control the hydrological dynamics of the study area.

done in collaboration with the Ouranos
Consortium (www.ouranos.ca)
?
Climate change scenarios come from the
Canadian Regional Climate Model
(CRCM) using the A2 and A1B scenarios
of greenhouse gas emissions and other
global models
?
Ten climate change scenarios will be

simulated for 2041-2070 & compared to
reference data from 1971-2000

Covey Hill

Results

The research site is located on the Canada-USA
border within the 175 km² Covey Hill Natural
Laboratory in the Chateauguay River watershed
(Figure 1). The hill is an important recharge zone
for the regional aquifer and provides habitat for
endangered salamanders in groundwater fed
springs.

Results of reference data simulations show that spring activity roughly
corresponds to net precipitation (Pnet) values (Figure 4). Comparing these
results to one of the future climate change scenarios, it can be noted that
there are years of both wetter and drier conditions (Figure 5). The number of
months with spring flow activity is the same over the ten-year period.
However, distributions vary throughout each year (Figure 6).
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Figure 4. Observed
spring activity and
corresponding Pnet
(precipitation evapotranspiration)
during the first ten
years of reference
period 1971-2000
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Figure 1. Location of the Covey Hill Natural Laboratory

Data
?
Historical climate data (precipitation and

temperature) available from the Hemmingford
weather station located in the region of Covey Hill
?
Continuous monitoring of groundwater levels and

river flows at various locations within the Natural
Laboratory
?
Hydraulic conductivity values available from
laboratory analysis (Barringston et al,, 1992 &
Lavigne et al., 2010), and pumping and slug tests
(Fournier, 2008)

Future Research
?
Annual simulations of climate data from 1900 to

Drier
Wetter

2010 to evaluate the range of possible responses
of the Covey Hill aquifer to a larger range of
climate data

Figure 6. Comparison of the
number of months showing
spring activity during the first
ten years of reference period
1971-2000 and future climate
change scenario
MRCC4.2.3_CGCM3#5

?
Simulations of conservation and development

scenarios for future land use of Covey Hill

Summary

Figure 5. Comparison of monthly spring activity during the first ten years of reference
period 1971-2000 and future climate change scenario MRCC4.2.3_CGCM3#5

Initial groundwater modeling results show correlations between average monthly net precipitations and spring flow activity.
Although there appears to be no deviation in spring flow activity over a ten-year period, distributions vary throughout the years.
Using the results from this study and ecological modeling that is being conducted simultaneously by collaborators, the ultimate goal
is to recommend measures to mitigate the impacts of climate change on the hydrology and ecology of Covey Hill and other similar
locations.
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