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CLIMATE CHANGE PROJECTIONS  
 

Changes in temperature and precipitation due to climate change can be 

predicted using complex general circulation models (GCMs).  In the Great 

Lakes Regional Assessment Group report ñPreparing for a Changing Climate: 

The Potential Consequences of Climate Variability and Changeò the Canadian 

Model (CGCM1) and the United Kingdom Hadley Model (HadCM2) were 

utilized to produce climate projections for the Great Lakes Region (Figures 2 

and 3).    

CONCLUSIONS 
 

Groundwater plays an important role in the cycling of water.  Especially in 

supplying streams and wetlands with water during periods of low 

precipitation. 

The Great Lakes Region will be 

impacted by climate change in the 

upcoming years including warming 

and changes in precipitation patterns.  

This change has the potential to 

affect hydrologic processes (Figure 

6)in the Great Lakes Basin including 

groundwater recharge and discharge. 

Additional pumping could amplify 

these affects. 

The potential impacts on the 

groundwater resources of the Great Lakes Basin should be taken into 

account in future policy making. 

More research needs to conducted with respect to both climate predictions 

and affects on the hydrologic cycle refining models and analyzing 

sensitivities.   

BACKGROUND 
 

Though often overlooked 

due to the vast quantity of 

surface water present in the 

Great Lakes basin (Figure 1), 

groundwater is an integral 

part of the basinôs hydrologic 

system and an important 

resource for many of its 

citizens.  Groundwater from 

the basin provides a source 

of drinking water for over 8 

million people in United 

States alone and baseflow from groundwater accounts for greater than 50% of 

the stream flow discharging into the Great Lakes (Grannemann et al., 2000).  

An average temperature rise of 1 to 3° C for the region is predicted for 2050 

as well as a change in precipitation patterns including; less precipitation in the 

form of snowfall, more intense precipitation events, and less precipitation in 

key seasons (Lofgren et al., 2002; IJC, 2003).  These changes could have 

potentially significant impacts on groundwater recharge and discharge 

processes affecting the availability of groundwater for both human and 

ecological purposes and the hydrologic system as a whole.   

DISCHARGE  
 

Baseflow contributes a 

significant fraction to the 

overall streamflow for many 

of the watersheds in the Great 

Lakes Basin (Figure 5).  It is 

particularly important in 

sustaining streamflow in 

periods of low precipitation as 

it is less seasonally dependent 

than runoff. 

 

Baseflow will be influenced 

by changing water levels in aquifers due to changes in recharge and pumping  

(Croley, 2003; Piggott, 2001).   Models suggest varying impacts based upon 

the GCM used.  A model for southwestern Ontario watersheds predicted a 

decrease in baseflow of 19% using the CGCM1 model and an increase of  3% 

using the HadCM2 model (Piggott, 2001). 

Figure 4: Diagram showing groundwater flow from recharge area to 

discharge area of pumping well  

Figure 1: Map highlighting the Great Lakes basin  

RECHARGE 
 

Groundwater recharge (Figure 4) being driven by precipitation, 

evapotranspiration, and soil infiltration capacity is very susceptible to impacts 

from climate change.  Changes in both the amount and timing in precipitation 

can affect the amount of water available to infiltrate and ultimately recharge the 

aquifers (IJC, 2003).  If there is more precipitation there will be more water 

available to infiltrate, but the timing is also important, because of the infiltration 

capacity of the soil.  If the infiltration capacity is exceeded that precipitation 

will build up on the surface and instead go into overland flow.  If there are more 

extended dry periods in the future this could also dry the soil and create a crust 

lowering the infiltration capacity (IJC, 2003).  Temperature also plays a key role 

in this process as a driver for evapotranspiration.  At warmer temperatures more 

water is likely to evaporate and decrease the amount of water available for 

recharge (IJC, 2003).  .    

Figure 2: Surface temperature projections for summer (JJA) and winter (DJF) of the 

year 2030 produced using the Canadian (CGCM1) and Hadley (HadCM2) general 

circulation models.  Values are °C above the baseline model [years 1961 -1990] 

(Lofgren et al., 2000).  
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Figure 3: Precipitation projections for summer (JJA) and winter (DJF) of the year 2030 

produced using the Canadian (CGCM1) and Hadley (HadCM2) general circulation models.  

Values are % from the baseline model [years 1961 -1990] (Lofgren et al., 2000).  

Figure 5: Baseflow indexes for 8 digit hydrologic unit 

codes in the Great Lakes Basin (Neff et al, 2005)  

Figure 6: Diagram of the hydrologic cycle  

Results from the two models do vary significantly, but consistently show an 

increase in temperature as well as an increase in precipitation in some locations.  

The CGCM1 results show a larger increase in temperature of up to 6 °C in the 

winter as compared to the HadCM2 results with the greatest temperature 

increase around 2.5 °C.  The HadCM2 results show a significantly larger 

increase in precipitation. 

 

Changes in temperature and precipitation for 2095 were also projected using the 

two models.  Results were similar but amplified with changes in temperature of 

up to 12 °C and in northern lower Michigan an increase in precipitation of 70%. 


