
Source: Bartshé Miller (Tioga Pass, January 2015) 

Noah S. Diffenbaugh 
Assoc. Professor and Senior Fellow 

“Is this global warming?” 



Observed global temperature 
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From IPCC 2013: annual average global temperature 

Approximately 1˚C of global 
warming over the past century 



“Climate Risk Management” 

IPCC WGII, 2014 



A range of futures remains available 



A range of futures remains available 



One example: heat extremes 

Source: NOAA 

Source: Diffenbaugh and Giorgi (2012) 

Recall: Global warming to date has been ~1˚C 



Climate risks are already increasing 

• In the past decade in the U.S., we have experienced >80 
disasters from extreme events that have each caused at 
least $1 billion (and many have caused more) 
 

• We know from observing the climate that the likelihood 
of many kinds of extremes has increased, including: 

 
-  severe heat 
-  heavy rainfall 
-  extreme storm-surge 

flooding 

Source: NY Times 



3-year anomalies 
Ongoing California drought has 
produced many statewide records 

• most severe NOAA NCDC drought 
indicator values 
 
• lowest calendar-year precipitation 
 
• lowest 12-month precipitation 
 
• warmest calendar-year temperatures 
 
• warmest winter temperatures 
 
• lowest April 1st snowpack 
 
• warmest/driest 3-year period 

UC Davis (Aug 2015):  
 
$2.7 billion damage 
21,000 jobs 



Ongoing California drought 

Swain et al., 2014 
 

• Historically ridging 
has caused dry 
conditions in California 
 
• 2013 was lowest 
precipitation and most 
extreme Ridge on 
record 
 
• 95% chance that 
global warming has at 
least tripled the 
probability of these 
atmospheric 
conditions 

Swain et al., 2014 
 



Observations 

• In the past two 
decades, 80% of years 
have been warm 
 
• Probability that =>  
 
(1) there is a drought  
(2)  that low precipitation 
years are also warm 
(3)  that negative 
precipitation years 
produce drought  
 
=> have all doubled  

 

drought 
anomaly (s.d.) 

drought 

= 2014 



Global climate models 

• There is very high 
statistical confidence 
that human emissions 
of greenhouse gases 
have caused: 
 
1. The observed long-
term warming of 
California 
 
2. The observed 
increase in the 
percentage of low 
precipitation years that 
are also warm 



Risk of high-impact conditions 

• Continued human 
emissions of greenhouse 
gases is likely to lead to: 
 
1. Continued warming of 
California 
 
2. Increased co-
occurrence of dry years 
with extremely warm 
conditions 
 
3. Increased occurrence 
of extremely low 
precipitation seasons and 
years 

California: Percent Of Years That Are Extreme  

20% 

60% 

100% 

40% 

80% ~100% of 
extremely low 
precipitation years 
are also extremely 
warm 



“Climate Risk Management” 

IPCC WGII, 2014 



Premium winegrape area 
Source: San Francisco Chronicle 

Diffenbaugh et al., 2011 



July 2012: “Unprecedented” hot event 
Illinois, July 2012 

Source: Chicago Tribune 



Diffenbaugh and Scherer (2013)  

July 2012 Temperature 

Climate models 

=> 4x more likely as a 
result of observed global 
warming 19
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Schlenker and Roberts, PNAS, 2009 

Influence of severe heat 

“Big data” 
analysis of 
county-level 
U.S. corn yield 
data: 
 
severe heat 
results in steep 
decline in U.S. 
corn yields 



Volatility of U.S. corn yields doubles in 
2020-2040 period relative to 1980-2000 

Diffenbaugh et al., 2012 

Additional 1˚C of 
global warming 
increases 
occurrence of 
extreme heat 
 
⇒ ~2x increase in 

U.S. corn yield 
volatility 
 

⇒ ~4x increase in 
U.S. corn price 
volatility 



Verma et al., 2014 

Influence of economic integration 

Mandate-driven 
ethanol production 
exacerbates impacts 
of climate change on 
U.S. corn price 
volatility 
 
But market-driven 
ethanol production 
and free trade both 
buffer impacts 



Diffenbaugh et al., 2012 

Increased heat tolerance can 
offset temperature change 

Effect of climate 
change can be offset 
by adaptation 
actions that 
 
(1) increase critical 
temperature 
threshold at which 
negative effects 
occur 
 
(2) Decrease 
severity of negative 
effects of severe 
heat 



Velocity of climate change 

“Business as 
usual” emissions 
over the next 
century are likely 
to result in 
climate change 
velocities that 
exceed those 
that have 
occurred in the 
recent geologic 
past 

Diffenbaugh and Field (2013) 



There is hope! 

• Transition to a carbon-free energy system by 2050 gives 
>50% probability of staying below 2˚C of global warming 
 

• The USA can be the engine of innovation: 
 
– Energy technology 
– Behavioral technology 
– Infrastructure design 
– Urban system design 
– Agricultural resilience 
– Community network design 
– Resource management 
– Public policy 
– Non-governmental governance 

Source: KQED 

Stanford Students’ Solar House 
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