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There’s lots of fresh water  
(in all the wrong places) 



Global water supply 



Cumulative groundwater depletion, 
San Luis Valley, 1900-2008.  

Konikow 2013, http://pubs.usgs.gov/sir/2013/5079/SIR2013-5079.pdf .  



Global groundwater  
depletion rate 



How long will the underground 
water last? 

• 350 years 
– At current global usage rates 

• constant is a conservative projection 

– 100,000 km3 of freshwater underground 
• usage rate is growing exponentially 
• population is still growing (11 billion by 2100) 

• groundwater replenishment helps 
• changes in usage technology 



USA dominates 
• About 40% of the global underground 

water usage takes place in the USA 
• My biggest concerns 

– Water supplies in India, China and Africa 
– Water wars 

• All is not hopeless:  See a great success 
story Google “rajasthan rainwater harvest” 

•  http://www.ecotippingpoints.org/our-stories/indepth/india-

rajasthan-rainwater-harvest-restoration-groundwater-johad.html  



Climate change and water 
Climate change will alter local hydrological cycles 

Summer temps are rising in Colorado 
• Snowpack (Nature’s reservoirs) 
• Stream flow 

– Earlier, lower, highly variable 

• Precipitation 
– Heavier, more erratic 

• Drought (and the resultant fires) 



Lake Mead  
Levels 
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2013 
1060 ft 



Tree ring data reveals streamflow 
for the past 1000 years. 
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(CWCB undated; CWCB 2011). Because there 

���ȱ ��ȱ �����ȱ ������ȱ ����ȱ Ě� ȱ ����ȱ ��������ȱ
(McKee et al. 1999), virtually all of this water 

originates from precipitation falling within 

Colorado, predominantly as snow west of the 

Continental Divide. Mountain snowpacks in 

the state provide natural reservoirs that release 

water throughout the spring and summer.

Surface water supplies and climate are 

intimately connected through precipitation. 

Statewide, average annual precipitation is 
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enormously over both space and time. 

Colorado’s mountainous terrain leads to 

dramatic geographic variability, with areas 
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of average annual precipitation while some 
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inches (Doesken et al. 2003). Precipitation also 
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from year to year, ranging from approximately 

half of average in the driest years to twice the 

�������ȱ��ȱ���ȱ �Ĵ���ȱ¢����ȱǻ��¢ȱ��ȱ��ǯȱŘŖŖŞǼǯȱ

Multi-year droughts, such as those 

experienced during-year droughts, such as 

those experienced during the 1930s, 1950s, 

and the 2000s, occur at irregular and largely 

�������������ȱ ���������ǯȱ ����Ȭ����ȱ �������ǰȱ
however, indicate that pre-historic droughts 

over the past 2000 years were longer and 

more severe than even the worst droughts 

�¡���������ȱ �����ȱ ��������ȱ ��Ĵ������ȱ ��ȱ
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that, even without climate change due to 

greenhouse gas emissions, natural variability 

in the climate could result in future droughts 

worse than any experienced in the modern 

history of the state. Figure 5.2 shows tree-
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over the past 1200 years. Particularly notable 

are the sustained dry periods prior to 1900 

that exceed the worst droughts of the 20th 

century, including a few whose duration 

was such that they have been characterized 

as “megadroughts,” such as the mid-1100s 

drought.1

Groundwater resources also provide critical 

water supplies in many parts of Colorado. 

Most of the nonrenewable groundwater 

in Colorado comes from three major 

groundwater basins—the San Luis, Denver, 

and High Plains Basins—while a number of 

1 The term “megadrought” generally refers to any period 
of 20 or more years of continuous or near-continuous dry condi-
tions (J. Lukas, pers. comm.)

All four records show that, prior to 1900, the state experienced droughts that 
were more severe and sustained than any modern droughts.  
 



Drought and National Security 



Conclusion 

There is plenty of fresh water but it’s in all 
the wrong places.  This resource is finite and 
must be managed to sustain the increasing 

population. We must learn to deal with 
increasing extreme storms (insurance 

companies and military planners don’t deny 
climate change).   


