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Nexus of Water and Energy:
A Challenge in Time and Space

Tim Cohn
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Presenter
Presentation Notes
Thank you for the opportunity to talk with you.  The photo that you are looking at is of a flooded river flowing over a falls in New York.  In the foreground, circled in yellow, is a USGS streamgage.  This devices reports the water level of the river and permits the USGS to compute the flow of that river.  My talk will focus on the streamgage network.

Title? It takes energy to produce fresh water; it takes water to produce energy.

Mohawk River at Cohoes, NY 01357500  



2015 USGS Study 
[Healy et al.]

2http://pubs.usgs.gov/circ/1407/



Hydrologic Variability in Space
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Presentation Notes
I am a hydrologist. That’s what I will be discussing.
Brown and red means “dry”
Blue and Green mean “wet”
Note: U.S. has a humid East, with abundant water, and arid West, where water is scarce



Hydrologic Variability in Time
(May 2015 vs May 1934) 
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Presentation Notes
Current conditions are on the left. Although we read a lot about the California drought, most of the Nation is experiencing normal conditions
On the right is May 1934 – 81 years ago – which was the worst drought in the past century. Almost the entire country was below average.
Compare California to New England: Both have seen unusually low flows recently. New England and California have very different water systems, and New England can tolerate low flows relatively painlessly.



Observed Trends
(The Gages-II HydroClimatic Data Network)
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Presentation Notes
These are streamgages located in watersheds that are not affected by regulation or substantial development



Median-Flow Trends (1955-2014)

6

Presenter
Presentation Notes
Upward blue triangles indicate significant increases in median streamflow
Downward brown triangles indicate significant decreases in median streamflow.
Blue and Brown dots indicate insignificant trends up and down
Note: Overall pattern of increases in Northeast and northern Midwest; decreases elsewhere



Observed Changes in 20th Century Runoff
100*(mean[1971-1998]-mean[1900-1970])/mean[1900-1970]

Milly et al., 2005
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Presentation Notes
Figure 4 | Ensemble (arithmetic) mean of relative change (percentage) in runoff for
the period 1971–98, computed as 100 times the difference between 1971–98
and 1900–70 runoff in the 20C3M experiments, divided by 1900–70 runoff.

P. C. D. Milly, K. A. Dunne & A. V. Vecchia, Vol 438|17 November 2005|doi:10.1038/nature04312



Low-Flow Trends (1955-2014)
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Flood Trends (1955-2014)
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Very few significant trends, but overall the pattern is consistent.



Changing Demand for Water
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Is There Something to Worry About?



Projected Changes in 21st Century Runoff
100*(projected[2041-2060]-mean[1900-1970])/mean[1900-1970]

[Milly et al., 2005]
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Presentation Notes
Figure 4 | Relative change in runoff in the twenty-first century.
a, Ensemble (arithmetic) mean of relative change (percentage) in runoff for
the period 2041–60, computed as 100 times the difference between 2041–60
runoff in the SRESA1B experiments and 1900–70 runoff in the 20C3M
Good News: Changes are actually pretty small 
experiments, divided by 1900–70 runoff.

P. C. D. Milly, K. A. Dunne & A. V. Vecchia, Vol 438|17 November 2005|doi:10.1038/nature04312



National Climate Assessment [2014]
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“Average U.S. precipitation has increased 
since 1900, but some areas have had 
increases greater than the national average, 
and some areas have had decreases. More 
winter and spring precipitation is projected 
for the northern United States, and less for 
the Southwest, over this century.”

Presenter
Presentation Notes
There is considerable caution when it comes to predicting future hydrology.



Conclusions

• Water supply and demand vary over 
time and space

• Current models provide limited 
information about future conditions

• There is substantial uncertainty about 
what to expect in the future

14




