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Growing Cumulative 

Impacts of Energy 

use on water supply, 

demand, and security 

 



Temperature 

increase  is 

magnified in arid 

regions, especially 

in drought:  

 

Rio Grande Basin 

(1971-2011) 

• Average 

temperature 

increased by 0.7⁰F 

per decade, which 

is twice the global 

average 

 

Global Temperature and Carbon Dioxide Trends 



Global Temperature Correlation with 

Atmospheric Carbon Dioxide 





How does your Dryer work?  How about your 

hair dryer? 



The Concept of Runoff Efficiency 
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Runoff efficiency 

= water out/water in 

Slide courtesy of Flavio Lehner, National 

Center for Atmospheric Research 
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Runoff efficiency 

= water out/water in 

 

The Concept of Runoff Efficiency 

RE = f(watering can, plastic bottle) 
 

Slide courtesy of Flavio Lehner, National 

Center for Atmospheric Research 
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Runoff efficiency 

= water out/water in 

= streamflow/precipitation 

 

RE = f(precipitation, temperature, 

dust-on-snow, vegetation, 

groundwater, …) 

The Concept of Runoff Efficiency 

Slide courtesy of Flavio Lehner, National 

Center for Atmospheric Research 
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Lehner et al. (2017a) 
Upper Rio Grande 

McCabe et al. (2017) 

Changes in Runoff Efficiency in the Upper Rio 

Grande 



Relationship between Temperature and 

Available Water 
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Temperature 

Water 



Future Climate:  Upper Rio Grande Basin-

Distributed Snow (2070s relative to the 1990s): 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

Warmer 

temperatures 

mean more 

precipitation falls 

as rain rather 

than snow, and 

the snow we do 

get melts off 

faster 



Increasing aridity and wind, along with overgrazing, 

make our snow dirty, which makes it melt faster 



Projected Increases in Hydrologic Variability 

More energy in the 

atmosphere leads to 

more extreme events 

More drought,  

More flood… 



Source:  Center for Climate and 

Energy Solutions, C2ES 

Implications for Extreme Temperature and 

Precipitation Events 



Projected Impacts to Flow Timing 

•Decreased annual runoff throughout basin 

•Some regions have increased cool season runoff and reduced 

warm season runoff 



We are losing our snow….and also our forests  



4°C 

Saturation Vapor Pressure = 4.2 

kPa 

Actual Vapor Pressure = 2 kPa 

Saturation Vapor Pressure = 3.2 

kPa 

Vapor-Pressure 

Deficit = 2.2 

kPa (83% 

increase) 

Source:  

Park Williams, 

currently of Lamont-

Doherty Earth 

Observatory 

This graph again….. 



Bark-beetle outbreak 

corresponded with major forest 

drought stress 
drought 

No 

drought 

Source:  

Park Williams, currently of Lamont-Doherty 

Earth Observatory 

Photo: 

Peter 

Kolb 
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   Dying piñon pine, Jemez Mts.       October 2002 

         

         

         

         

         

    

Photo:  Craig D Allen 



Burned area correlates well with 

forest drought stress 

drought 

No 

drought 

Source:  

Park Williams, currently of Lamont-Doherty 

Earth Observatory 
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Photo:  Craig D. Allen 



Stationarity assumes that the statistical 

properties of hydrologic variables in 

future time periods will be similar to past 

time periods  

“Climate change 
undermines a 
basic assumption 
that  historically 
has facilitated 
management of 
water supplies, 
demands, and 
risks.” 
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Basin Study 

Program 
• Collaborative studies, cost-

shared with non- Federal 

partners, to evaluate the 

impacts of climate change 

and help ensure sustainable 

water supplies by identifying 

strategies to address 

imbalances in water supply 

and demands 

 

• Eligible applicants include 

states, tribes, water districts, 

cities, and other local 

governmental entities with 

water delivery or 

management authority 

located in the 17 Western 

States 

 

• Require 50/50 cost-share 
 

 



Basin Study Focus is on Adaptation 



Studies 
Funded in 

the Rio 
Grande 

Basin in New 
Mexico 

Pecos 
River 
Basin 
Study 

Santa Fe 
Basin Study 
and Basin 
Study 
Update Rio 

Grande – 
New 

Mexico 
Basin 
Study 



Adaptations under Consideration…. 

• Improvement to water management, communication, and 

operational flexibility. 

• Water conservation and efficiency improvements (including 

water use and recycling, and reduction of evaporation 

losses). 

• Enhancement of water storage and management options (in 

the upper watershed, or within the water distribution 

systems) 

• Enhancement of ecosystem function and resilience and 

ecosystem services in the watershed, both upland and in 

the river valley 

• Reduction of risk (floods, wildfire….) 

• Development of new water sources (ex. – deep brackish 

sources) 



QUESTIONS? 


