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The World Economic Forum (2015) rates food crises, extreme 
weather and failure of infrastructure as top global risks in 
2015. Around the world, regions are contending with extreme 
weather, including drought, flooding and changes in grow-
ing seasons. These extremes affect crops and pests, and may 
disrupt agriculture and its supply chains, especially in the 
second half of this century. This paper presents an example 
of how transportation of agricultural products in the Upper 
Mississippi River Valley region of the United States may be 
impacted by, and respond to, a changing climate. 

Global markets depend on exports produced in the Upper 
Mississippi River Valley, many of which are shipped down the 
Mississippi River. The Mississippi is one of the world’s major 
rivers, measuring 2,340 miles from its origin in Minnesota 
to its mouth in the Gulf of Mexico (Kammerer 1990).The 
Upper Mississippi River Valley runs along either side of the 
Mississippi River and includes most of Minnesota, Wisconsin, 
Iowa, Illinois and Missouri. St. Louis is the southernmost 
major river port for this fertile agricultural region, and the 
valley ends where the Mississippi and Ohio rivers meet in 
Southern Illinois. Agriculture in the Mississippi River Valley 
is part of the global food trade network; the flow of food from 
the Illinois-centered Corn Belt to Louisiana ports is the larg-
est link, in terms of trade volume, between U.S. agricultural 
production and international markets (Lin et al. 2014). 

Because of its important role in food production and trans-
port, weather extremes in the Upper Mississippi River Valley 
are of special concern. Extreme weather affects agricultural 
production, transportation and markets, both directly 
through impacts on waterways and highways, and indirectly 
through changes to regional, national and international agri-
cultural production patterns. In the Upper Mississippi River 
Valley, erratic spring and fall freezing, as well as fluctuating 
water levels due to drought and flooding, may interrupt barge 
transportation. This may, in turn, increase reliance on truck 
freight and place greater demands on road infrastructure. 
Altered growing seasons are likely to affect both the volume 
and location of grain production, with major grain-producing 
regions predicted to shift north and west. These changes may 
affect freight logistics for grain. Adapting to such dynamic 
circumstances requires flexible, responsive protocols and rela-
tionships across the food supply chain—from farms through 
grain elevators, trucks and barges, brokers, buyers, regulators, 
and global markets. 

A team of University of Wisconsin-Madison researchers took 
a closer look at how climate change might impact agricul-
tural production and transportation in the Upper Mississippi 
River Valley. The researchers surveyed current literature and 
interviewed 11 people across the supply chain, from private 
industry, state and local government, and agricultural and 
nonprofit organizations in this region. Their work shows that 
both public and private sector adaptations to unpredictable 
weather and markets, including regional crop and supply 
chain diversification, can add resilience to our food system. 

Climate change in the Upper Mississippi River Valley
Changing weather conditions in the Upper Mississippi River 
Valley are already impacting agriculture. To date, warmer 
temperatures are credited with generally increased yields in 
the Upper Midwest. However, more volatile spring weather, 
increased hail incidents, heavier rains and snows, and longer 
dry stretches during the summer are examples of emerging 
weather trends that are challenging farmers in this region and 
adding uncertainty to an already risky profession. The Inter-
governmental Panel on Climate Change (IPCC) projects  
increasingly unpredictable and challenging weather patterns 
by mid-century (McCarl 2015a&b). The Wisconsin Insti-
tute for Climate Change Research (WICCI) projects that, 
by 2050, winters will be significantly warmer and heavy rain 
events more frequent (see Figs. 1 and 2 on page 3). 

Agricultural economist Bruce McCarl (McCarl 2015a&b), 
who serves on the IPCC, categorizes three types of adapta-
tion to the changing climate. “Natural adaptation” involves 
individual species reacting to changing weather at an ecosys-
tem level. “Autonomous adaptation” is businesses and other 
decision makers voluntarily acting to adapt to our changing 
climate. “Planned adaptation” is intervention by governments 
to address public needs that are unlikely to be met through 
autonomous responses.

Natural adaptation
Plants and animals may adapt to the changing climate in ways 
that negatively impact agriculture. Warming could shift favor-
able growing conditions for invasive weeds to the north, and 
climate change is expected to increase the frequency of weeds, 
pests and diseases. This may cause new headaches for growers 
(Blanc and Reilly 2015, Rose 2015).
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Globally, the IPCC estimates that temperature increases 
could be responsible for 30 to 82 percent declines in corn 
and soybean yields by the end of the century, with more 
severe declines expected in tropical than in temperate regions 
(Blanc and Reilly 2015). There is a majority consensus that 
yields will fall from the 2030s onward (Challinor et al. 2014). 
Extreme weather may impact plant germination, bloom, bud 
set and ripening, as well as pollination by insects. Seasonal 
temperature volatility and extreme rain and snow events are 
stressful for perennial crops. Pasture quality decline due to 
heat, drought or other factors leads to reduced stocking rates 
(McCarl 2015b).

Heat stress in livestock resulting from climate change could 
result in lost production. Heat stress occurs in animals when 
rising temperatures leave them unable to maintain a normal 
body temperature without physiological and metabolic chang-
es. Short-term adaptation to heat stress can limit livestock 
reproductive capacity or reduce milk volume, and dairy cows 
are particularly susceptible (Key et al. 2014).

Autonomous adaptation

Farmers face increasing uncertainty due to weather volatility. 
In years when weather is good, crop production may be high 
but prices low; when weather is poor, crop production may 
decline yet prices may rise. These highs and lows are expected 
to intensify as weather grows more extreme, and they could 
have ripple effects on distant markets. Severe droughts in 
North America, Africa and Russia have impacted global grain 
supply chains. 

Globally, population growth and an expanding middle class 
are increasing food and fuel demand. Domestically, in 2015, 
5.25 billion bushels of corn were produced for fuel use, com-
pared to 5.275 billion bushels for feed and residual use and 
1.38 billion bushels for other food, seed and industrial use 
(USDA ERS 2015). About 72 percent of U.S. corn exports 
went to five Organization for Economic Cooperation and De-
velopment (OECD) nations in 2009: Japan, Mexico, South 
Korea, Taiwan and Egypt. That year, about nine percent 
of U.S. corn exports went to 70 nations designated by the 
United Nations Food and Agriculture Organization (FAO) as 
Low-Income Food Deficient (Olmstead 2011). 

Several interviewees commented that the increased use of 
biofuels to reduce reliance on petroleum, especially ethanol 
made from corn, may contribute to uncertainty and shortages 
in agricultural markets (Blanc and Reilly 2015, Jokinen et al. 
2015).

The interviews revealed concerns that increasingly volatile 
weather will intensify farming challenges across the Upper 
Mississippi River Valley, for all crops. Farmers are able to 
manage some of the risk, both to their crops and their soil, 
resulting from uncertain weather. 

Examples of risk management strategies for farmers suggested 
by the interviewees include:

•	 Investing in capital-intensive strategies such as irrigation 
systems for both annual and perennial crops

• 	 Mitigating risk through genetic solutions such as 
drought-and heat-tolerant corn hybrids and GMO traits 
to simplify pest management, even though specialized 
seed is costly

•	 Growing more soybeans and alfalfa, as these crops  
tolerate dry and wet conditions better than corn

•	 Employing farm management strategies such as cover 
cropping, prairie strips, no-till, contour planting and 
grassed waterways to reduce soil erosion, nutrient runoff 
and soil moisture depletion, which are exacerbated by 
heavy rain

Extreme rainfall events due to climate change may result in a 
dramatic increase in soil erosion, especially from highly erod-
ible land and fields without vegetative cover. In the Upper 
Mississippi River Valley, the sloping terrain of the four-state 
Driftless Region is particularly vulnerable to soil erosion (see 
Fig. 3 on page 5). In addition to the soil conservation mea-
sures mentioned above, diversifying annual crop production 
with perennial crops protects soil from erosion and increases 
carbon storage to reduce greenhouse gas (GHG) emissions 
(Lewandrowski and Zook 2015). Perennials can provide 
year-round ground cover and roots to hold soil and nutri-
ents in place. A five-year study of 12 agricultural watersheds 
in central Iowa found that strategically planting 10 percent 
of row crop fields to perennial prairie grass strips reduced 
runoff water nitrogen by 84 percent and phosphorus by 89 
percent, respectively (Helmers et al. 2012, Zhou et al. 2014). 
However, farmers face increased economic risk with perennial 
crops. Incorporating perennial crops into a grain or livestock 
operation involves management risks associated with adopting 
new production practices and more complex farming systems. 
Establishing high-value perennial crops such as tree fruit 
and nuts requires a substantial capital investment, and may 
involve the need to create processing infrastructure. 

Crop diversification is proposed as a strategy to both adapt 
to a changing climate and mitigate GHG emissions (Aguilar 
et al. 2015, Blanc and Reilly 2015, Lewandrowski and Zook 
2015, Lengnick 2015, Rotter 2013), as well as protect against 
market shocks (Aguilar et al. 2015, Blanc and Reilly 2015). 
Converting row crop acres to perennial pasture for livestock 
reduces soil erosion due to heavy rainfall. In annual crop-
ping systems, cover cropping protects soil, and incorporating 
perennial crops into these systems can also prevent erosion. 

Supply chain disruptions could exacerbate grain shortages 
resulting from extreme weather events. In the domestic 
livestock market, the regular flow of feed from grain farms to 
livestock operations is critical. One of the interviewees stated 
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By 2050, these projections show that winters will be significantly warmer — as much as an average of 5°C, or 
9°F degrees warmer. This will impact snow cover, frozen ground, and the occurrence of ice storms rather than 
snow, and rain rather than ice. The Upper Mississippi River Valley is expected to become more like the Lower 
Mississippi River Valley. Seasonal snow melt in mid-spring will likely change to recurring snow melt throughout 
the winter season, so, for example, Wisconsin’s weather will be more like what Missouri is experiencing now. 
Spring and fall are projected to be considerably warmer — as much as 3.5°C or 6.5°F.
 
An increase in the number of days per decade when it rains two inches (50 mm) or more is also of concern. 
For example, two-inch storms currently occur about six to eight days per decade in the summer (Jun-Aug). In 
the future, these storms will increase by about 1.5 to 2 days per decade during summer. Although the absolute 
increase is smaller in spring and fall, the relative increase is larger: in spring the current frequency is about two 
days per decade increasing by about one day per decade. In fall, the current frequency is three days per decade 
increasing by one to 1.5 days per decade. These heavy spring and fall precipitation events occur when soil may 
be unprotected by plant cover in annual cropping systems, and therefore erosion might be of special concern.

Source: These regional precipitation and temperature maps are based on daily statistically downscaled climate projections 
(WICCI 2011, Notaro et al. 2014). Researchers took observed weather data from 1950-2009, and then projected future condi-
tions using climate models developed by the World Climate Research Programme for the Intergovernmental Panel on Climate 
Change. The projections illustrated by the maps are compiled from thirteen climate models including three from the U.S., two 
from Canada, and others from Japan, Germany, South Korea, France and Australia. 

Figure 1. Modeled change  
in average temperature (°C) by season,  

1961-2000 to 2045-2065
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Figure 2. Modeled change in number of  
days/decade with >50 mm (2 in.) of precip. 

by season, 1961-2000 to 2045-2065
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that livestock farmers are especially vulnerable to feed supply 
disruptions and cost increases due to extreme weather. This 
interviewee also said that domestic supply chain disruption 
is already occurring in coastal states where farmers may not 
raise feed for their own animals, due to high land prices. This 
person thought that population migration from coastal areas 
affected by climate change leads to an increase in inland land 
prices. Grain processors are looking to geographically diversify 
their suppliers so that if extreme weather impacts crop pro-
duction in one region, they will be able to source ingredients 
elsewhere (Bjerga 2012). This, in turn, increases transporta-
tion infrastructure demands. 

Agricultural freight could travel in more fuel-efficient, cost-
effective ways that also reduce GHG emissions (Ala-Harja and 
Helo 2015). Expanding opportunities to move more grain via 
rail and barge, as well as rethinking truck transportation logis-
tics in urban and peri-urban areas, are ways to reduce emis-
sions. Another is to take advantage of engineering innovations 
such as aerodynamic trailers and alternative fuels for long- 
and short-haul freight movements. Bringing food production 
and markets closer together while increasing the distribution 
efficiencies of local markets is another approach to reducing 
emissions. Regionalizing food supply chains through inte-
grated agricultural systems may reduce GHG emissions by de-
creasing the number of vehicles and amount of fuel required 
for food distribution (Bosona and Gebresenbet 2011, Jokinen 
et al. 2015). Reducing the need to ship food long distances 
will reduce emissions and improve food system resilience.

Planned adaptation
Government at all levels is being called upon to identify and 
support solutions to volatility in natural and human systems, 
including crop production and agricultural market dynam-
ics, resulting from a changing climate. Supply chain disrup-
tions due to extreme weather events, and pest and disease 
outbreaks, may become more common. Processors and end 
users may source food and feed grains differently, and from 
multiple sources, to adapt to these disruptions. Government 
responses that reduce immediate risks to people and econo-
mies, while supporting long-term private sector adaptation, 
are key. 

Federal farm policy reduces the risk of growing some crops. 
Before the 2014 Farm Bill, federal programs made direct sub-
sidy payments to farmers who grew corn, soybeans, wheat and 
other major commodity crops. In that legislation, subsidized 
crop insurance against price loss and disasters replaced direct 
payments, and new risk management instruments emerged to 
support more diversified farming practices. 

From 1985 to 2002, farmers wanting to participate in pro-
grams subsidizing commodity crops were required to enroll in 
federal conservation programs established to reduce soil ero-
sion and improve water quality. The resulting enrollment of 
land in the Conservation Reserve Program (CRP) and other 

resource conservation programs led to a measurable decline in 
soil loss. 

The 2002 Farm Bill decoupled commodity support programs 
from conservation programs. One interviewee noted that 
commodity prices spiked shortly after this. This interviewee 
said that farmers responded to the price spike by pulling their 
land out of programs like CRP and replanting with annual 
crops, as CRP rental payments were less than market rates for 
renting crop land, particularly as corn prices rose with grow-
ing corn ethanol markets. 

Nationally, soil erosion rates for cropland fell 43 percent from 
1982 to 2007. However, the most significant declines were 
seen prior to 1997 (USDA NRCS 2010). Several interviewees 
suggested that some sub-regions saw a rise in soil erosion after 
income support and conservation programs were decoupled in 
2002. Data from the USDA Natural Resources Conservation 
Service supports this observation. From 2007 to 2012, CRP 
acreage across the nation declined more than 25 percent. In 
the Upper Mississippi River Valley, Wisconsin and Missouri 
showed the greatest drop, with 35 percent fewer acres enrolled 
in CRP by 2012. In that same period, soil erosion began to 
increase. Nationally, soil erosion caused by water returned to 
1997 levels by 2012. In the Upper Mississippi River Valley, 
most states in the region reported increased soil loss in 2012, 
ranging from 4.01 tons/acre in Illinois to 6.06 tons/acre in 
Iowa. Only Minnesota reported less than two tons/acre soil 
loss that year (USDA NRCS 2015). 

The 2014 Farm Bill again linked conservation program 
participation to insurance premium subsidies for highly erod-
ible lands and wetlands, while reducing overall funding for 
conservation programs (NSAC 2014a). Conservation compli-
ance is assessed based on the government’s erodibility index. 
This index averages rainfall and other criteria over the past 30 
years. Useful as it is, past weather data masks current trends 
toward more erratic and heavy rainfall events. 

This farm bill includes provisions supporting on-farm diversi-
fication, such as Whole Farm Revenue Insurance and plant-
ing flexibility up to 35 percent of base acres (NSAC 2014b). 
Supporting regional agricultural diversity both in the U.S. 
and abroad is critical to maintaining flexibility in food provi-
sioning. Globally, small- to mid-scale farmers are increasingly 
vulnerable to risks associated with climate change and become 
targets of financial speculation that work against diversifica-
tion (Isakson 2015).

Federal and state transportation policies guide public 
investment in surface transportation infrastructure. U.S., state 
and local transportation infrastructure is in need of repair 
and rejuvenation to meet present agricultural transportation 
needs. The federal gas tax, which funds repairs to the nation’s 
transportation infrastructure, has not increased for over 20 
years. The federal Department of Transportation is predicting 
an annual shortfall of $12 billion in the Transportation Trust 
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Fund (U.S. DOT 2015). Understanding agricultural needs 
now and in the future may help prioritize public investment 
in transportation infrastructure. 

Interviewees often mentioned rail as a cost effective and fuel 
efficient alternative to truck and barge transportation (Tolliver 
et al. 2013), but rail introduces more complexity into negotia-
tions across the supply chain. Freight rail is privately owned 
and operated, and requires private sector, rather than public 
sector, investment. Agricultural products are weak competi-
tors with other products, such as petroleum, for rail access. 
Furthermore, there are historic conflicts between rail and 
other transportation modes. 

Impacts of climate change on agricultural supply 
chains

Direct impacts
Predictions of the direct impact of climate change on agricul-
tural transportation in the U.S. differ based on assumptions 
and variables such as the length of the shipping season on the 
Mississippi River and Great Lakes, water levels in the Great 
Lakes, shipping cost comparisons between different trade 
modes and routes, and grain production in other exporting 
countries (Attavanich et al. 2013). In 2013, 65 percent of 
corn exports went through the Mississippi Gulf Port (Deni-
coff et al. 2014). 

Source: USDA NRCS 2015.  

Sheet and rill erosion involves the washing away of soil through rainfall and runoff. There is some overlap between areas  
currently experiencing high rates of sheet and rill erosion, and areas predicted to experience more extreme rainfall in the 
future (see Fig. 2). Prioritizing soil conservation efforts in these areas may help protect this natural resource and future  
agricultural production.  

Figure 3. Estimated sheet and rill erosion rates on cropland, 2012
Tons per acre, per year
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From farm fields to terminal markets, U.S. agricultural freight 
moves primarily by truck (Blanton 2015). In the Upper Mis-
sissippi River Valley, grain for export to markets via Atlantic 
shipping is trucked to barges that travel down the Mississippi 
River. Grain destined for Asian markets and ethanol heading 
to West Coast refineries travels via rail. In 2013, about 45 
percent of U.S. grain destined for export was moved by barge, 
35 percent by rail and 20 percent by truck to outgoing ports 
(Sparger and Marathon 2015). 

Changes in precipitation, temperature and extreme 
weather events may impair transportation and supply 
chain infrastructure. Heavy rainfall events leading to flood-
ing are expected to continue to increase in frequency (Fig. 
2). Floods can interrupt river traffic and damage naviga-
tion infrastructure, and they can likewise close and damage 
roads. In the U.S, rural roads are increasingly in poor repair. 
One interviewee noted that as farms have grown larger and 
livestock more concentrated, agricultural machinery and 
vehicles have become too heavy for rural roads as originally 
engineered. Another interviewee observed that rural road 
washouts are increasingly common as heavy rainfall pummels 
under-maintained roads. Moreover, all roads are compromised 
by climate extremes such as heat, moisture, and freezing and 
thawing, and require more maintenance than budgets allow 
(U.S. DOT 2015). 

Barge traffic may be disrupted by extreme weather events, 
especially when early ice ends a barge season. While rising 
temperatures are projected to reduce ice cover duration overall 
(Attavanich et al. 2013 and Fig. 1), spring and fall varia-
tions are problematic. Warmer temperatures often extend the 
navigation season. However, interviewees noted that naviga-
tion, like the growing season, closes at the first freeze, even if 
temperatures warm soon afterward. 

Because water levels and spring and fall ice patterns may 
impact barge traffic, agricultural truck freight may become 
more important in the Upper Mississippi River Valley (At-
tavanich et al. 2013). When it comes to freight transportation 
for agriculture and other industries, medium and heavy-duty 
trucks produce the most greenhouse gas emissions (U.S. EPA 
2013). The transportation sector is the second-biggest source 
of GHG emissions in the United States, accounting for a 
third of CO2 emitted through the burning of fossil fuel in 
2011 (U.S. Department of State 2014).

Indirect impacts
Quantitative models linking climate change, agriculture 
and food markets are increasingly sophisticated, but remain 
limited by issues of scale and complexity (Antle 2015, Atta-
vanich et al. 2013, Fischer 2005, Rotter et al. 2013). Models 
predicting the impacts of climate change on agriculture show 
that grain production may relocate, likely continuing to 
shift northward as it has since the middle of the last century 
(McCarl 2015a&b). While earlier yield models assumed that 

increased CO2 would stimulate plant growth, more recent 
research suggests that weather-related changes that negatively 
impact plant productivity and decrease system diversity result 
in declining yields within a decade or less (Zhuoting 2012). 
These, and other, factors will alter demands on the transporta-
tion infrastructure for grain. 

The global market for commodity crops and national markets 
for animal feed and biofuels are changing, sometimes rapidly. 
These changes will influence the volume of commodity 
crops produced, where they are produced, and preferred 
freight transportation options (Blanc and Reilly, 2015; Mc-
Carl 2015a&b; Paloviita and Jarvela 2015). 

Markets drive farmers’ production decisions. However, ex-
treme weather events coupled with changes in rainfall and 
rising temperatures may reduce yields and shift cropping 
patterns northward (e.g., Attavanich et al. 2013, Blanc and 
Reilly 2015, Zhuoting 2012). 

Crop and supply chain diversification at the regional level 
has the potential to add resilience to our food system in 
the face of unpredictable weather and markets (Aguilar et 
al. 2015, Blanc and Reilly 2015, Lengnick 2015, Lewand-
rowski and Zook 2015, Rotter et al. 2013). Autonomous and 
planned adaptation to climate change can enhance resilience 
and food security by fostering this kind of diversity.

Stability through resilience
A growing world population, urbanization and a burgeon-
ing middle class demand more grain (World Economic 
Forum 2015). In coming years, however, there is potential for 
unpredictable and extreme weather to disrupt supply from 
key grain producing regions (Attavanich et al. 2013). Agricul-
tural regions worldwide are already contending with weather 
extremes and market upsets. Global food security depends on 
the resilience of farms in every region around the world. In 
the near term, farmers in the Upper Mississippi River Val-
ley region will continue to export dairy, grains and specialty 
crops, while also contending with extreme weather. Increased 
volatility in natural systems may decrease market stabil-
ity and intensify pressure on already fragile transportation 
systems and supply chains. As it stands, truck transportation 
is expected to continue to provide the majority of agricultural 
freight movement, even though GHG emissions from trucks 
are of concern. 

Policies—both administrative and legislative—that support 
crop diversification as a public good may increase food system 
resilience but decrease commodity crop production. Farmers 
in the Upper Mississippi River Valley who integrate their  
production of commodity grain with fruit and vegetable pro-
duction or perennial pastures for livestock may sell less com-
modity grain. While these market shifts may enhance regional 
and environmental resilience, they could reduce the amount 
of grain available for international trade. Targeting public  
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investment to meet changing transportation and infrastruc-
ture needs for regional food systems is recommended. This 
will entail support for rural and urban road infrastructure, at-
tention to freight optimization, and investment in reorganiz-
ing how food flows within and between regions and countries.

Public policy has an opportunity to address the underlying 
causes of extreme weather and support adaptation responses, 
such as crop and livestock diversification and efficient water 
use, while buffering immediate risks to farmers and supply 
chains. Overemphasizing the short term or failing to antici-
pate consequences may lead to maladaptation, not to mention 
dedicating resources to programs and plans that may ulti-
mately fail. Policies that encourage the private sector to adapt 
agricultural and supply chain systems to a changing climate 
may be coupled with policies that mitigate GHG emissions. 
Organizations across the global supply chain benefit from 
working together to plan for uncertain harvests and spatial 
shifts in food production, while adapting to extreme weather 
through diversified regional food systems, environmental con-
servation and systemic transformation of food supply chains. 
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