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The Intergovernmental Panel on Climate Change’s 
(IPCC) the Fifth Assessment Report (AR5) (Romero-
Lankao et al., 2014) found that climate change is responsi-
ble in part for historical yield increases in the United States 
thanks to increased precipitation. Since 1999, however, 
yield losses have been attributed to extreme weather events, 
such as heat waves, storms, and droughts and the IPCC 
concludes that in many crop growing regions of North 
America optimum temperatures have been reached and 
further warming would be detrimental to crop yields.

What to Expect in the Future?
Annual mean warming over most of North America 

is expected to exceed the expected global mean warming 
(1.1°C and 6.4°C by the end of the century), according 
to the IPCC. Regionally, annual mean precipitation is ex-
pected to increase in the Northeast of the United States 
and decrease in the Southwest. Along with these changes in 
mean conditions, an increase in the frequency of extreme 
weather events such as droughts, floods, and heat waves are 
also anticipated. These extreme events are also predicted to 
last longer and be more intense. 

As a consequence of rising temperatures, decreasing 
precipitation and a greater frequency of extreme events, 
the IPCC projects a decline in net productivity of the ma-
jor crops grown in North America by the end of the 21st 
century, although the scale of the impact depends on the 
climate models and scenarios considered. Overall, the de-
cline is expected to be modest in the first half of the cen-
tury but sharper toward 2100. The United Kingdom’s Met 
Office’s (2011) review of climate change impact studies 

concurs and finds that although the extent of the impact 
varies across studies due to differences in methodology and 
assumptions, the general consensus is that climate change 
will lower yields for the most important crops: maize, soy-
bean, and wheat.

Several studies have focused on California, one of the 
United States’ most productive regions, and project small 
changes in yields for the mid-century and declines between 
9 and 29% by the end of the century, assuming no con-
straint on water availability. Viticulture would be the most 
affected due to a decrease in land suitability for grapes. 
Some regions in the North where water availability is not 
an issue are expected to benefit from climate change.  

Main Drivers: Temperature and Precipitation
The IPCC discerned two main factors of yield declines: 

temperature and water availability. Temperature increases 
are expected to be responsible for declines in corn, soy, and 
cotton yields of between 30 and 82% by the end of the 
century. It would also reduce the quality of certain crops 
(for example, coffee and grapes). The detrimental effect 
of rising temperatures is only partially offset by precipita-
tion increases. In regions where precipitation is expected to 
decrease, the negative impact of temperature increases on 
crop yields and quality is expected to be accentuated.

The Role of Extreme Weather Events
Crop yields will also be affected by extreme events such as 

extreme heat, heavy downpours, storms, and droughts. The 
largest risk of heat stress is expected to be in central-North 
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America by 2070. When considering droughts and adap-
tive capacity, the northeastern and southeastern United 
States are expected to be the most vulnerable.

Water Resources for Irrigation 
Most studies evaluating the effect of climate change on 

crop productivity consider either rainfed crops or assume 
that water availability for irrigation is not a constraint. 
However, several river basins in the United States are al-
ready subject to water stress and others are expected to be 
in the coming decades. Changes in rainfall and its intensity 
(increases in runoff intensity reduces the rainfall infiltra-
tion rate to the crop root zone) will affect the availability of 
water resources and, along with temperature changes will 
also affect crop water requirements. A recent United States 
Department of Agriculture (USDA) report (Walthall et al., 
2012) considers the changes in relative crop returns be-
tween dryland and irrigated crops to reflect the sensitivity 
of yields to climatic factors. They expect continuing rainfed 
production in the northern regions, where rainfall increases 
are likely to increase soil moisture reserves. However, a de-
cline in soil moisture in the southern regions, which would 
entail a decrease in dryland yields, would justify irrigation 
subject to water availability. Water availability is expected 
to be a constraint in the West and Southwest, with soil 
moisture decreases projected in the spring and summer un-
der the worst case scenario. Water withdrawals are expected 
to exceed freshwater resources by 40% in the Great Plains, 
making it the most exposed region to water stress. In the 
West, summer and fall water availability are expected to be 
affected by earlier snowmelt and reduced snowpack, even if 
precipitation is unchanged.

Indirect Effects of Climate Change
In addition to influencing yields through climate 

change, increases in greenhouse gas (GHG) emissions will 
also impact crops via carbon dioxide (CO2) fertilization ef-
fects. According to the U.S. Global Change Research Pro-
gram (2009), higher CO2 concentration would enhance 
crop yields but would also favor weeds. This would entail 
greater use of pesticides or hamper crop yield growth gains. 
Additionally, climate warming could also lead to a spatial 
shift of invasive weeds toward the north.

Climate change will also have direct and indirect ef-
fects on crop productivity via soil erosion via changes in 
rainfall, snowmelt and wind. By changing crop mixes and 
management practices (such as irrigation) in response to 
climate change, farmers will change the erosion rate. Exces-
sive erosion rates entail losses of soil productivity, fertility, 
organic carbon, and nutrients. Walthall et al., (2012) re-
port estimates soil carbon losses of between 33 and 274% 
by the mid-century compared to the 1990s in 10 out of 11 
regions of the corn-belt when accounting for changes in 

biomass and planting, tillage, harvesting dates, and adap-
tive changes in crop mixes.

According to Walthall et al., (2012), climate change, 
and especially temperature change, would also have an 
impact on crops via ‘biologically mediated services’, such 
as animal pollination, which is responsible for 75% of the 
global food crop pollination. A study simulating the effect 
of warming on pollinator activity found that some species 
of bees will provide increased pollination services, while 
those of the honeybee, which is currently the main crop 
pollinator, will decrease. Overall, due to different responses 
to temperature changes of various bee types, the gain from 
some bee species would compensate the loss of services 
form another, except in systems where honey bees are the 
only pollinator. 

Adaptation 
The climate change impact projections on crop yields 

mentioned above correspond to simulations with no ad-
aptation assumed. According to the IPCC, North Amer-
ica has the potential to offset yield reductions under 2oC 
warming thanks to adaptation strategies. For instance, 
spatial shifts of crop varieties are expected to reduce yield 
losses by between 6 to 14%. However, at 4oC warming, 
the effectiveness of adaptation strategies will be reduced 
and necessitate more drastic adaptation measures, such as 
livelihood and production diversification. 

Adaptation Strategies
Farmers can adopt two main strategies to adapt to 

changes in climate: changes in management practices, and 
changes in the location of production. In term of man-
agement strategies, farmers can adopt crop varieties better 
suited to new climate conditions and diversify their pro-
duction to reduce their vulnerability. They can also adopt 
sustainable agronomic practices, such as low-tillage, live 
mulching or cover crops, and adapt sowing and planting 
dates or improve crop rotations. 

Subject to water resource limitations, farmers can also 
adapt their irrigation strategies by expanding irrigation to 
previously rainfed land, or replacing irritation systems with 
improved irrigation technologies with better conveyance 
and application efficiency. However, changes in irrigation 
strategies would entail a change in crop selection by fa-
voring high value crops or less water intensive crops. At 
a large-scale, adaptation can take the form of spatial shift 
of production, with cropland shifting to areas with better 
climatic conditions or water availability for irrigation.

In addition to yield growth, the effect of climate change 
can be compensated by a growth in crop production which 
can be obtained either by increasing cultivated land expan-
sion and intensification the use of cropland already in use. 
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Intensification can be achieved by, for instance, the densi-
fication of planting, which can make better use of the land 
already cultivated by improving soil fertility management; 
or with irrigation which enables farmers to crop land mul-
tiple times a year. 

The IPCC also suggests greater institutional support to 
producers, which is currently deficient in some regions, to 
enhance adaptation. Changes could be made in water re-
source infrastructure and institutions to improve water al-
location. The development and dissemination of daily and 
seasonal weather forecasts would also enable farmers to be 
better prepared.

The Role of Technology
Technology has played an important role in histori-

cal yield increases. The ‘green revolution’ brought major 
productivity improvements since the 1960s with the inten-
sification of machinery and fertilizer use, and economies 
of scale. More recently, biotechnology techniques have 
been used to develop new plant varieties in order to in-
crease yields, tackle pest and diseases issues, and improve 
resistance to abiotic stresses such as droughts and cold 
temperatures. 

According to the FAO (2002), “even if no more new 
technologies become available, there is still scope for in-
creasing crop yields in line with requirements”. For in-
stance, it estimates that the ratio of wheat yields could be 
at least doubled by increasing actual yields to maximum 
yields obtainable under current technologies. 

Impact of Adaptation
The potential role of adaptation in alleviating the ef-

fect of climate change on crops has generated considerable 
debate. On the one hand, agriculture is very diverse and 
practiced across a wide range of climates, indicating that 
farmers can adapt to local conditions. Farmers also respond 
to prices, as evidenced by commodity price spikes over the 
past 50 to 100 years that have been met with a large supply 
response that have in turn resulted in decades of depressed 
prices and excess supply. Cross-sectional econometric anal-
yses that Mendelsohn, Nordhaus, and Shaw (1994) termed 
the ‘Ricardian’ approach have found adaptation to be a 
powerful force. On the other hand, some scholars think 
that there is limited scope for adaptation. Using panel data, 
studies such as Schlenker and Roberts (2009) find limited 
past adaptation of seed varieties or management practic-
es. They also attribute recent yield declines with extreme 
events in the United States. From that perspective, there is 
concern that there are extreme conditions that are intoler-
able to crops. 

Agronomic process-based models of crop growth com-
bined with market models of supply and demand are 

another approach to evaluate the scope for adaptation 
(Rosenzweig et al., 2013). Although agronomic models 
consider, in great detail, the effect of weather, soil quality, 
CO2, and ozone on crop growth, they have difficulty ac-
counting for the influence of pests, disease, management 
strategies, and technological progress—which on principle 
econometric studies account for (Attavanich and McCarl, 
2014). These studies tend to find that modeled adaptation 
substantially alleviate yield losses, leading to a production 
impact a fraction of the initial yield loss but at added cost 
(Reilly et al., 2007).

With northern regions of the United States likely to 
benefit from warmer temperatures, climate change may 
entail northward migration of cropping areas. Walthall et 
al., (2012) report cites findings that the spring wheat belt is 
expected to move north by more than 10 degrees into west-
ern Canada by 2050. Warming would also increase wheat 
cultivated areas and winter-sown spring wheat would be-
come more suited to the southern United States.

Over the last 30 years, earlier corn and soybean plant-
ing dates and lengthening of the growing season have con-
tributed to greater yields. This trend is attributed only in 
a small part to warming of the mid-west, the rest being 
enabled by new cold tolerant cultivars and the adoption 
of new plating equipment and conservation tillage, which 
reduced the preparation time required before planting.

In a meta-analysis of more than 1700 global climate 
change impact assessments, Challinor et al., (2014) find 
that simulated yields are increased by between 7 and 15% 
by crop-level adaptations. The study does not provide U.S. 
specific results, but shows that adaptation is expected to be 
more beneficial for wheat and rice than for maize. Out of 
the different adaptation strategies considered in the various 
studies (changes in planting dates, fertilizer application, 
irrigation, cultivars, and other agronomic adaptation), 
changes in crop varieties is found to be the most effective.

Some strategies of adaptation also have co-benefits. For 
instance, no-till practices help reduce soil erosion and run-
off by increasing water infiltration and soil organic matter 
while also reducing GHG emissions. Growing legumes and 
managing weeds on pastures is also a good way of improv-
ing productivity while sequestering carbon in soils. Crop 
diversification also alleviates the impact of climate change 
and reduces market shocks.

Limits to Adaptation
As the main limit to adaptation, Walthall et al., (2012) 

report highlights ecological constraints such as water qual-
ity and quantity and pollution, and social barriers such as 
the perceived need for adaptation, which is influenced by 
finances, political ideas, culture, and religious ideologies. 
Alternatively, some mechanisms could have unintended 
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negative effect on adaptation. For instance, subsidized crop 
insurance and disaster assistance may limit the adaptation 
response such as diversification, at added costs to these pro-
grams. Another concern related to agriculture and climate 
change is that biofuels and reforestation as mitigation strat-
egy would compete with traditional agriculture for land, 
possibly having a greater impact on markets than the direct 
influence of climate (Reilly et al., 2012).

U.S. Exports at Risk
Productivity of the major crops in the United States is 

expected to be affected by climate change. Although the 
United States has no food security issues, it is a major ex-
porter of food crops and a decrease in crop yields could 
have serious implications for global food security. Adapta-
tion has the potential to alleviate these yield losses, but ul-
timately, as stated by USDA in Walthall, et al. (2012): “the 
vulnerability of agriculture to climatic change is strongly 
dependent on the responses taken by humans to moderate 
the effects of climate change.”
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