
Climate Change Impacts on Agriculture in the Great Lakes Basin 

T 
he Laurentian Great Lakes, comprised of 

Lakes Huron, Erie, Michigan, Ontario, and 

Superior, are home to more than 35 million 

people in the United States and Canada 

(USEPA 2012). With an overall volume of 5,439 mi3 

(22,684 km3), the Great Lakes are the world’s largest 

source of surface freshwater, containing 21 percent of 

the global supply (GLERL 2014). The Great Lakes Basin 

lies within eight U.S. states and two Canadian provinces 

and includes the lakes, connecting channels, tributaries, 

and groundwater that drain through the international sec-

tion of the St. Lawrence River, combining for a total sur-

face area of over 94,000 mi2 (243,000 km2) (USEPA 

2012).  

 

Agriculture in the Great Lakes Basin 

 

 Agriculture is a vital component of the Great Lakes 

Basin economy, producing more than $15 billion in 

crops and livestock each year (GLCR 2013). Approxi-

mately one-third of the basin’s area is used for agricul-

tural production, and major products include various 

grains, corn, soybeans, dairy, and livestock (GLCR 2013, 

EPA 2012). Overall, the Great Lakes Basin accounts for 

nearly seven percent of total agricultural production in 

the United States and 25 percent of total agricultural pro-

duction in Canada (GLCR 2013). 

 These high production rates require tremendous 

amounts of water (Figure 1). On average, more than 620 

million gallons (2,350 megaliters) per day of basin water 

is withdrawn for crop irrigation (GLC 2012). Of that, 

over 540 million gallons (2,040 megaliters) per day are 

consumed and are not returned to the system. Livestock 

production accounts for another 120 million gallons (450 

megaliters) per day of water withdrawals, of which more 

than 14 million gallons (53 megaliters) per day are con-

sumed (GLC 2012).  

Impacts of Climate Change 

  

 Climate change will have multiple effects on the 

Great Lakes Basin, including higher temperatures, as 

well as more precipitation and evaporation (Figure 2). A 

majority of general circulation models (GCMs) predict 

an increase in air temperature that could range from 1.8-

12.6° F (1-7° C) by 2090 (Lofgren et al. 2002, Gregg et 

al. 2012). Subsequently, evaporation rates are also pre-

dicted to increase by 16-39 percent over the same time 

period (Lofgren et al. 2002). While model estimates 

range from a 20 percent increase to a nine percent de-

crease by 2090, predictions about future precipitation 

trend toward an overall increase (Lofgren et al. 2002).  

 These warmer temperatures and altered weather pat-

terns are expected to increase the number of extreme 

weather events throughout the Great Lakes Basin. More 

intense summer heat will lead to increased humidity and 

prolonged periods of drought (Gregg et al. 2012). A 

higher frequency of multiday downpours will increase 

instances of flooding, which can lead to elevated rates of 

KEY MESSAGE: Agriculture is a major component of the Great Lakes Basin economy, generating more 

than $15 billion in annual crop and livestock production. This water-dependent sector has long benefited 

from the basin’s abundant precipitation and available groundwater, yet in the coming decades, climate 

change impacts on water resources will transform the face of agriculture throughout the basin. Predicted 

altered precipitation patterns, increased evaporation rates, and higher air temperature will shift the area 

of crop productivity north, increase reliance on groundwater irrigation, and necessitate the use of more 

pesticides and herbicides. It is vital that policymakers act to minimize the impacts of climate change on 

agriculture in the Great Lakes Basin by fostering programs that promote efficient irrigation practices, 

introduce cover crops and drought-tolerant crop species, and price water to reflect its availability. 

Figure 1. Total daily irrigation withdrawals from U.S. Great 

Lakes states. Source: Mills & Sharpe 2010. 



riverbank erosion and nutrient-rich run-

off from agricultural fields (IJC 2003). 

Heavy downpours, which are classified 

as the largest 10 percent of rainfall with-

in a 24-hour period, are already occur-

ring twice as frequently as they did a 

century ago (Gregg et al. 2012). Periods 

of intensely wet weather in transitional 

seasons could flood fields and delay 

planting and harvesting (Kling et al. 

2003). Prolonged periods of drought may decrease sum-

mer soil moisture by up 30 percent, requiring an increase 

in groundwater withdrawals and diversions for irrigation 

(Kling et al. 2003).  

 Higher temperatures will lead to an overall increase 

in the length of the growing season (IJC 2003). Already, 

growing seasons have increased by 1.5 days per decade 

over the last 50 years (Gregg et al. 2012). By the end of 

the century, the average growing season is predicted to 

be 4-9 weeks 

longer than it was 

during the period 

1961-1990 (Kling 

et al. 2003). Due 

to this longer 

growing season, 

overall corn 

yields are predict-

ed to increase by 

up to 5 percent 

(Southworth 

2000). However, 

higher tempera-

tures also have 

the potential to 

increase crop 

damage, thereby 

reducing yields. 

The longer grow-

ing season will 

also lead to an 

increase in irrigation demand, as well as greater chemical 

pesticide and fertilizer use. 

     The proliferation of weeds, insects, and diseases re-

sulting from higher temperatures will also lead to in-

creased use of pesticides and herbicides (Bootsma 2002). 

Warmer and shorter winters will allow more southerly 

pests, such as corn earworms and fall armyworms, to 

expand their range (National Assessment Synthesis 

Team 2000). Pests normally killed from intense cold will 

now have a greater chance of surviving milder winter 

temperatures (Gregg et al. 2012). The growing use of 

pesticides and herbicides will threaten the health of the 

Great Lakes ecosystem through increased chemical run-

off into prairie wetlands, groundwater, rivers, and lakes 

(IJC 2003). 

 Changes in crop production will vary throughout the 

basin, with optimal farming conditions moving north-

ward and eastward (Kling et al. 2003). Northern parts of 

the basin, once hampered by short growing seasons, will 

experience an increase in crop production, with corn 

yields in some areas predicted to increase by as much as 

45 percent (Gregg et al. 2012, Southworth 2000). On the 

other hand, warmer temperatures in southern areas may 

lead to reduced soil moisture and a subsequent decrease 

in crop production (Bootsma 2002).  

  

Policies Moving Forward 

 

 Future policies need to promote the transition to cli-

mate-adapted farming practices. For example, planting a 

cover crop during the dormant season would reduce ero-

sion and nutrient-rich runoff during intense rain events, 

and switching to drought-tolerant varieties of crops 

would buffer against lower soil moisture (IJC 2003). 

Overall, policymakers should provide information and 

incentives to adopt water-efficient practices.  

 Policymakers should also promote water-efficient 

practices which maintain sufficient productivity levels. 

This is an effective way to “reduce the possibilities for 

water conflicts and enhance the possibilities for econom-

ic growth with the region” (IJC 2003). Water-efficient 

methods such as deficit, micro-spray, and drip irrigation 

(Figure 3) are all potential alternatives to traditional 

flooding and spray irrigation. Implementing these water-

efficient methods requires training and is often expen-

sive. Policymakers can remove these obstacles through 

funding for education and installation. 

Lake 
Air tempera-

ture increase   
Change in pre-

cipitation  
Change in 

evaporation  
Superior 2.9-5.4°C 14-16% 19-39% 

Michigan-Huron 2.7-5.6°C 14-20% 16-34% 

Erie 2.6-5.9°C 5-21% 17-29% 

Ontario 2.7-5.4°C 7-17% 16-31% 

Figure 2. Predicted Great Lakes climate change effects by 2090. Source: 

Lofgren et al. 2012. 

Figure 3. Drip irrigation. Source: NRCS 

2006. 
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 The cost and regulation of irrigation water in the 

United States varies by location, source, and water 

management policies (Wilchelns 2010). These variables 

influence how farmers use and pay for their water. The 

price paid for irrigation water in the Great Lakes Basin 

is minimal, so farmers lack the incentive to reduce their 

water use. For instance, a survey showed that 44 per-

cent of residential water users and 60 percent of non-

residential users paid for water based on a decreasing-

block rate, which means the more water they use, the 

less they have to pay per unit of consumption (Beecher 

2010). Without price signals to encourage efficient use, 

water is currently managed as if it has minimal value. 

One way to move towards better water management is 

to place a price on water reflecting its true value for 

agricultural systems in the Great Lakes Basin. 
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