
Sustainability of Western Water,  
Water Storage as Snow, and  

Trans-Basin Diversions 

Organizations: US LTER, ILTER, MRI, 
LTER Europe, GBMA, USAID 



Outline 

• Overview of mountain hydrology 
• NWT LTER basic research results 

– The new normal? 
– Non-stationarity world 

• Colorado headwaters research: USDA/NSF 
– Suits in the beltway get it 

• Himalaya’s: USAID 
– Water problems are global 



The new normal 
 

“Normal” snow amount is now about 10% less than it was 10 years ago 



Rising CO2 Will Lead to Accelerated Rise 
in Air Temperature 

Lazar and Williams, 2008 

http://www.pbs.org/newshour/updates/climate-change/jan-june13/skiingprefont_02-27.html 
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Image courtesy of NCAR 



Specific discharge elevation gradient 

Williams et al., 2011 



Mountains are water towers 





Warmer in subalpine, colder during winter in alpine. Albedo effect 



High-Elevation Air Temperature 

 Increasing air temperature since early 1980’s 
 Summer air temps warming fastest 
 Earlier lake ice-out  
     dates 
 

 

5ºC increase in 25 years 



Mountain Pine Beetle 

Drought stress? 



Changes in veg affect pika’s? 

Pika’s: alpine 
Polar bears: Arctic 
Penguins: Antarctic 
 
Iconic species and P 



Arikaree glacier is dying 

Drought 
Tipping point 

Arikaree Glacier: Mass balance (Bn), cm water equivalent. 



BASEFLOW?? 

GL4 EMMA Mixing 



Green Lakes Valley June 22, 2011 

CZO 



Green Lakes valley June 22, 2012 

CZO 



The new normal 

“Normal” is now about 10% less snow compared to 10 years ago. 



How is our water supply 
 looking this year? 















Snow Extent in the Colorado River Basin 
from MODIS 

April 8, 2010 April 6, 2009 













Expected Changes In Connectivity Among Elevation 
Zones and Disturbance Regimes Related To Climate 

And Land Use Change 



CHARIS - CONTRIBUTION TO HIGH ASIA RUNOFF OF ICE AND 
SNOW 
The CHARIS project 
began in 2011 with 
funding from USAID 
to the University of 
Colorado   
 
PI:  
Richard Armstrong, 
NSIDC 
 
Co-I:  
Mark Williams, 
INSTAAR    

Our study region includes the  
Amu Darya, Syr Darya, Indus, 
Ganges, and Brahmaputra river 
basins http://nsidc.org/charis/ 

Map courtesy B. Raup.  Glacier coverage from the RGI and GLIMS  is in cyan light 
blue color (See http://www.glims.org/ for information on RGI and other glacier 
outline data)  

http://www.glims.org/


Pyramid field station, Khumbu Nepal, 5,000 m 



Precip bucket KalaPatthar Everest in back 
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