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Objective:  

Motivate some climate-related issues that could 
pose challenges for the energy-land-water 
nexus and may (or may not) be integratable 
into the Integrated Assessment Model 
framework 



Climate and the Energy-Land-Water Nexus 

Climate change can influence the need for and availability of: 

 Energy 

 Land 

 Water 

for a variety of sources and uses 



Some Questions 

-  What processes determine the response 
of climate to changes in radiative forcing? 

-  How might natural and human systems be 
affected? 

-   How do climate processes and impacts 
respond to different interventions? 

(“changes in radiative forcing” - e.g., changes in global 
greenhouse gas concentrations) 



From Marshall and Plumb, Elsevier, 2008 

Te = [S0(1-ap) / 4σ] 1/4 

Te = emission temp 

S0 = solar “constant” 

ap = planetary 
albedo 

σ  = Stefan-
Boltzman constant 



IPCC 



Keeling Curve 

Global Warming Art 



IPCC, 2007 



What might happen if climate changes? 

IPCC, 2007 



Rauscher et al., GRL, 2008 

GCM RCM RCM 

A2: 2071-2099 minus 1961-1989 

=> The climate change in the high-resolution projection is 
twice as large as in the GCM because of improved 
representation of the physical climate system. 



- Response of wine 
production driven by 
response of severe 
heat 

- Response of 
severe heat varies 
spatially 

White et al., PNAS, 2006 

Premium Wine 
Production 

Extreme 
Daily 
Heat Mean 

Seasonal 
Temperature 

Suitable Area 



Agricultural Pest Prevalence"

Diffenbaugh et al., ERL, 2008"

• Migratory, cosmopolitan, with strong pesticide resistance"

• Expansion of range due to relaxation of severe cold 
limitation"



“Deceleration Effect”"

Diffenbaugh et al., GRL, 2007!

• Reduced mitigation “savings” due to surface moisture feedback"
• Value of GHG mitigation is non-uniform, particularly for critical 
thresholds"



How Quickly Can Severe 
Climate Change Emerge? 



General Circulation Model (“GCM”) 

Australia Government BOM 
Laws of Physics!!! 



IPCC SRES 
Scenarios"

Raupach et al., 2007"

A1B!



IPCC, 2007 



IPCC, 2007 

21st Century Global Warming 

Many Models (A1B) 













IPCC, 2007 

Many Models (A1B) 

Near-Term Global Warming 



1 ˚C additional global warming 

> 50% chance of every warm season being 
hotter than late-20th century maximum over much 
of the globe 

Question 1: Why is 2˚C 
the “Target”?"



What processes cause intensification 
in different regions?"



Nested High-Resolution Climate Model 

Large-scale variables passed to nested model at lateral boundaries every 6 
model hours 

Global (“GCM”): 
~125 km horizontal resolution 

Nested (“RCM”): 
~25 km horizontal resolution 



Multiple Regions 



Extreme Events 

Walker and Diffenbaugh, 2009!

Diffenbaugh and Ashfaq, 2010!



Diffenbaugh and Ashfaq, 2010 

2010-2019 2020-2029 2030-2039 

Intensification of Hot Extremes 



Diffenbaugh and Ashfaq, 2010!

2030-2039 minus 1980-1999 

Summer Drying 



Diffenbaugh and Ashfaq, 2010!

Comparison with “IPCC” GCMs 



Diffenbaugh and Ashfaq, 2010 

Summer Soil-Moisture/Temperature/
Precipitation Coupling 

2030-2039 minus 1980-1999 



What might be the impacts of such 
changes?"



One Example: Temperature Suitability for Premium 
Winegrape Cultivation 

• sensitivity to heat and cold; mean and extremes 
• variations within and at margins of suitability range 



Diffenbaugh et al., ERL, 2011"

• heterogeneity in 
changes in 
temperature criteria, 
including extremes 



Diffenbaugh et al., ERL, 2011"



Diffenbaugh et al., ERL, 2011"



Diffenbaugh et al., ERL, 2011"

• potentially important 
changes in quality 
within suitability range 



Pacala and Socolow, 2004 

Romm, 2008 

Wedges? 



Diffenbaugh et al., ERL, 2011"



How Robust Is This 
Emergence? 



Diffenbaugh and Ashfaq, 2010 

• Variation within 
“phyically uniform 
ensemble” 



Diffenbaugh and Ashfaq, 2010 

Summer Soil-Moisture/Temperature/
Precipitation Coupling 

2030-2039 minus 1980-1999 

• Variation within “robust” physical response 



Diffenbaugh et al., JGR, in review"



Diffenbaugh et al., JGR, in review"

• Variation between 
models in both 21st 
century trend in 
mean and 20th 
century bias in 
variability 



Diffenbaugh and Scherer, in prep"

• Bias correction 
reduces spread 
between model 
ensembles 

(by construction for 
baseline) 

Premium 
Wine 
Suitability 



Diffenbaugh and Scherer, in prep"

• Bias correction 
reduces spread 
within and between 
model ensembles 

(although less for 
single-model 
ensemble) 



Bias Corrected Uncorrected 

NARCCAP 

RegCM3 

CMIP3 

Change as 
% of 
“suitability 
margin” 

Diffenbaugh and 
Scherer, in prep"



Intra-ensemble S.D. 

Mid-21st  
Century 
Change 

Diffenbaugh and Scherer, in prep"



What Does This All Mean For The E-L-W 
Nexus? 

•  Fine-scale climate processes can dictate  
–   the magnitude and spatial variability of climate change, 
–  where and at which levels of forcing critical thresholds are 

crossed, 
–  and the magnitude and spatial variability of climate change 

impacts 

•  These processes can create substantial differences (in space 
and time) in impact and uncertainty 

•  Therefore, these fundamental climate dynamics must be 
integrated into policy frameworks in order to create effective 
interventions 

•  But… the near-term time scales and regional/local spatial scales 
that can be highly relevant for policy considerations can be at 
best difficult from a scientific perspective  





Rauscher et al., GRL, 2008 
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