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Food security challenges are unprecedented. 
By 2050 … 
• Many more people in developing countries 

• Between 2000 and 2050, population will increase 50 percent globally; almost all in 
developing countries 

• With higher incomes, they will demand more food quantity (60-80% more 
and higher quality 

• The double burden of malnutrition – obesity and hunger side-by-side – will 
be a much more serious problem 

• Resource scarcity (water quantity and quality, soil, clean air, biodiversity) is 
becoming more serious 

• Climate change – a threat multiplier with uncertain outcomes 
• Reduced productivity of existing varieties of plants and animals and cropping systems 

in many places 

Page 2 



What is climate change? 

• Climate – average weather over an extended period, say 30 years 

• Climate change – changes in those averages  

• What weather variables are important for agriculture? Some 
examples 
• Temperature – daily average, minimum, maximum 

• Rainfall 

• Growing degree days 

• August maxima 



Average August Maximum Temperature in Grand 
Junction Has Increased 2.5°F (1.1°C) since 1900 



Average August Maximum Temperature in St. Louis, 
Didn’t Change Between 1900 and 1968 (°F) 



The global average 
temperature change was 
about .9°C between 
1850-2012 

Source: IPCC. 
http://www.climatechange2013.org/images/figures/WGI_AR5_
FigSPM-1.jpg 



… But that change has not been uniform 

Source: IPCC, 2013 



What causes warming/cooling? 

• Start with sunlight falling on the earth 

• Add greenhouse gasses to the atmosphere to get warming 

• Add clouds that reflect sunlight to get cooling 

• Add dust particles that can either reflect or absorb sunlight to get 
warming or cooling 

 



What are the most important greenhouse 
gasses? 

Gas Sources 

Water vapor Evaporation from water bodies 

Carbon dioxide Volcanoes, burning of organic 
material and fossil fuels 

Methane Rice paddies, ruminant digestion, 
natural gas leaks, anaerobic 
decomposition 

Nitrous oxide Fertilizer use, decomposition of 
manure, industrial processes, 
transportation 

Red sources are natural; 
black sources are 
anthropogenic 



CO2 at Mauna Loa Observatory has been 
rising rapidly starting 150 years ago… 

http://www.esrl.noaa.gov/gmd/ccgg/trends/ 

The first time in 
at least 1 million 
years. 

http://www.esrl.noaa.gov/gmd/ccgg/trends/


… and the growth rate of CO2 emissions has 
been rising 



Other greenhouse gas emissions have also been 
rising 
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From 
‘agri-
culture’ 



… and likely to rise more 

Page 13 Figure 2 in Peters et al. (2012) 



It has been getting warmer… 
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… and could get a lot warmer! 
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Scenario differences 
small until after 2050 
(but climate model 
differences big!) 

Source: IPCC, 2013 



Who’ll Stop the Rain??? 
 

Watch Sub-Saharan Africa, the Amazon, the 
U.S. and South Asia to see the uncertainty in 

climate model precipitation results 
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Change in average annual precipitation, 2000-
2050, CSIRO GCM, A1B (mm) 
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Change in average annual precipitation, 2000-
2050, MIROC GCM, A1B (mm) 
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Temperature scenarios vary as well 
Monthly maximum temp change scenarios, MIROC and CSIRO GCMs 
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2000 
 

2000-2030 change, CSIRO 
A1B 

2000-2080 change 

See http://www.ifpri.org/book-775/climate-change/mapindex for 
animations of different regions 

2000-2030 change, 
MIROC A1B 

http://www.ifpri.org/book-775/climate-change/mapindex
http://www.ifpri.org/book-775/climate-change/mapindex
http://www.ifpri.org/book-775/climate-change/mapindex
http://www.ifpri.org/book-775/climate-change/mapindex
http://www.ifpri.org/book-775/climate-change/mapindex


Climate change has already 
affected agriculture 



Chinese rice production has shifted north 
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Coffee production is shifting up the 
mountains 



Pasta is threatened because of durum wheat 
sensitivity 



Climate change has already offset research 
productivity in many places, except US 
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Estimated net impact of climate trends for 1980-2008 on crop yields, divided by the 
overall yield trend 

Source: Figure 3 in Lobell, Schlenker, and Costa-Roberts (2011). 



But the future impacts of climate 
change on agriculture could be much 
greater 
 
And with widely varying outcomes 



Rainfed corn yield change, 2000-2050 Irrigated rice yield change, 2000-2050 

MIROC climate model, RCP 8.5 

GFDI climate model, RCP 8.5 GFDI climate model, RCP 8.5 

MIROC climate model, RCP 8.5 



And it gets much worse after 2050 

Year Developed Developing 
Rainfed Irrigated Rainfed Irrigated 

2030 -1.3 -4.3 -2.2 -9.0 
2050 -4.2 -6.8 -4.1 -12.0 
2080 -14.3 -29.0 -18.6 -29.0 

Climate change impacts on wheat yields with 2030, 2050, and 
2080 climate (percent change from 2000) 

Source: Nelson et al, 2010. 

High productivity irrigated 
wheat in developing 
countries affected most 
strongly 



Food Security, Farming, and Climate Change 
to 2050: Key Findings 
• Agricultural prices increase with income and population growth 

• Prices increase even more because of climate change 

• International trade is critical for adaptation 

Source: Nelson et al, 2010. 



Crop prices declined throughout the 20th 
century 

Source: Figure 2.1 in Nelson et al, 2010. 



Income and population growth will drive prices 
higher in the 21st century 
(price increase (%), 2010 – 2050, Baseline economy and demography) 

Source: Nelson et al, 2010. 



Climate change will cause greater price increases  
(price increase (%), 2010 – 2050, Baseline economy and demography) 

Minimum and maximum 
effect from four climate 

scenarios 

Source: Nelson et al, 2010. 



Climate Change Alters Global Cereal Trade 
(Net Exports of Cereals, 2010-2050, million mt) 
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With climate change, DC net cereal 
exports grow less or decline. 

With perfect mitigation, DC net cereal 
exports change little between 2010 and 2050. 

Source: Nelson et al, 2010. 



Pessimistic scenario 

Perfect 
mitigation 
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Optimistic scenario 
Developed 
countries 

All developing 
countries 

Low-income developing  
countries 

Income and population growth are more ‘important’ than climate 
change to 2050 (average kilocalories per day) 

Source: Nelson et al, 2010. 



Maximum price changes between 2005 and 2050 differ 
dramatically 

General equilibrium Partial equilibrium 



Mean      -17%  -11%   +11%  -2% - 1%    -3%   +20% 
 
 

More agreement on the effects of climate change 

Nelson, et al., PNAS 2014 

Final 
yield 

Biophysical 
effect 



Three main food security messages for 
today’s low income countries 
• Sustainable development is a more important priority than climate 

change adaptation today 

• Prepare today for higher temperatures and changes in precipitation in 
all sectors tomorrow  
• Invest more in capacity to adapt agriculture 

• Keep international trade relatively free from barriers 

• Improve domestic policies that support agriculture 

• Collect better data today and tomorrow on existing situation and 
practices 
• Weather, land cover, water availability, prices, practices 

 

 



What is missing in our climate change results? 
The Lamppost Problem 
• The models used to analyze the 

agricultural effects of climate change 
don’t include effects of 
• Increasing ozone 
• Increasing extreme events 
• Increasing pest and disease pressure 
• Effects on nutritional content 

• These could swamp the negative 
effects already quantified, making the 
challenges much more difficult, even 
over the next 35 years to 2050. 



Thanks! 


