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	 Most agricultural regions are experiencing 

rapid warming. For nearly all locations and 
growing seasons, farms around the world have 
experienced unprecedented warming. Nearly 
half of summer and a third of winter crop 
areas globally now have an average growing 
season temperature that is warmer than 98% 
of growing seasons 50 years ago. In Europe, this 
trend is even more pronounced; the coolest 
growing seasons now experienced in wheat-, 
maize-, and barley-producing areas are warmer 
than the warmest season that would have 
occurred 50 years ago.

	 Climate change has reduced global yields 
of key grains. Global yields of wheat, maize, 
and barley are 4-13% lower today than they 
would have been without climate change. 
Overall, the combined climate impact on 
calorie production appears to be a 5% total 
reduction. While 5-10% may seem small, these 
reductions are significant, given that the 
demand for grain staples has rapidly increased 
in the same timespan. A sudden 5% loss to the 
annual global calorie supply today could lead 
to a 30% increase in prices and a decline in 
consumer surplus of ~$180 billion.

	 Most temperate systems are drying out 
more than models predict. Vapor pressure 
deficit (VPD, or “air dryness”), increased in 
most temperate regions but not the tropics. 
Existing climate models have significantly 
underestimated the air drying that has been 
observed in most temperate regions. For 
example, for wheat, severe air drying (meaning 
an average season now is drier than 84% of 
seasons 50 years ago) has been four times more 
prevalent than expected from models.

	 North America is wetter and cooler than 
models predict. Locations across North 
America where maize and soybeans grow have 
become less dry and heated than predicted 
by climate models, and observed increases in 
regions growing wheat fall on the lower end 
of the predicted range. Some northern wheat-
producing regions have even experienced slight 
cooling. 

Climate Change has Affected 
Agricultural Productivity in 
Surprising Ways
Climate change will seriously impact humanity’s ability to 
produce food to sustain the global population. While models 
have largely succeeded in predicting net climate impacts 
on agriculture over the last half century, examining key 
exceptions could inform smarter adaptation strategies.

Background

In a new study from Stanford, researchers analyzed weather and crop 
data from the last 50 years to observe how climate change has affected 
agriculture and compared their observations to predictions made by 
climate models. Their findings reveal that models predicting how climate 
change will impact agricultural productivity have been largely accurate 
with two important exceptions: models have significantly overestimated 
the amount of warming and drying experienced by summer crops 
in North America, and they have underestimated how much the air 
moisture has dried out in most temperate cropping regions, such as in 
Europe and China. 

Researchers are still studying the surprising under-warming experienced 
by the U.S., referred to as the “warming hole.” Until this phenomenon is 
better understood, it is difficult to say whether U.S. grain production will 
continue to be protected from the most drastic effects of climate change.

Increased carbon dioxide offsets some of the negative impacts by 
boosting crop growth and yield through photosynthesis, among other 
mechanisms. For wheat, maize, and barley, yield reductions exceed the 
benefits of having more CO2 available. For soybeans and rice, climate-
related losses are small enough that CO2-related benefits appear to 
exceed the difference.
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	 Crop yield models based on climate 
projections likely overstate some adaptation 
benefits. Climate trends matter not only for 
the effects on existing cropping systems but 
also for the way they expand or contract the 
options available to farmers. Classic climate 
models commonly predict farmers will adapt to 
longer warm seasons by switching to longer-
maturing crop varieties. In reality, farmers have 
often gone in the other direction, choosing to 
plant shorter-season varieties, possibly due to 
growing seasons being drier and more drought-
prone than models expect.
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The climate estimation errors identified in this research – overestimations 
in some regions and underestimations in others – often offset each other 
at the global scale, making the global average effect predicted by models 
appear accurate. But global averages hide important local realities. For 
example, while global average precipitation rates have not drastically 
changed, specific areas have experienced noticeable shifts that impact 
farmers. Given that agricultural adaptation ultimately happens at the 
regional and local scale, identifying localized discrepancies in climate 
trends is critical to making effective changes and investments in a resilient 
food supply.
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