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seems imprudent to assume future flows will necessarily be so benevolent.  
 
As the National Research Council (NRC) stated in its recent report, “Colorado River 
Basin Water Management: Evaluating and Adjusting to Hydroclimatic Variability,” 
relying on gage data alone is a somewhat antiquated practice.  
 

“For many years, scientific understanding of Colorado River flows was based primarily on 
gaged streamflow records that covered several decades. Recent studies based on tree-ring 
data, covering hundreds of years, have transformed the paradigm governing understanding 
of the river’s long-term behavior and mean flows. These studies affirm year-to-year 
variations in the gaged records. They also demonstrate that the river’s mean annual flow—
over multi-decadal and centennial time scales, as shown in multiple and independent 
reconstructions of Colorado River flows—is itself subject to fluctuations.” 

 
The studies the NRC authors refer to all estimate a long-term mean streamflow at Lees 
Ferry below the 15.0 maf mean uses by Reclamation in the DEIS.  
 

Table 2 
Reconstructions of Colorado River 

Mean Flows at Lees Ferry 
 

 Author (year) Reconstruction Period MAF 
 Stockton and Jacoby (1976) 1511/12/20-1961 13.0 – 14.15 
 Michaelsen et al. (1990) 1568-1962 13.8 
 Hidalgo et al. (2000) 1493-1962 13.0 
 Woodhouse et al.  (2006)  1490-1997/98 14.1 – 14.7 
 
These paleoclimatic reconstructions illustrate that it is not only possible, but growing 
evidence suggests that the observed mean streamflow being used by Reclamation is too 
high. Surprisingly, nowhere in the DEIS is this fundamental assumption addressed, 
merely the disclaimer that the model may misrepresent the future because of its reliance 
on the observed record.   
 
Here again, a sophisticated model is not necessary to illustrate the significant impacts 
changes in mean streamflow would have on the imbalance growing in the system.  
Figure 1 uses the information from Tables 1 and 2 to estimate the net annual shortages 
Colorado River water users will experience should the mean inflow be less than 15.0 
maf Reclamation projects. Figure 1 also illustrates how, should future flows drop to 14.1 
maf annually, shortages will likely occur in both the Upper and Lower Basins—not just 
the Lower Basin as forecasted in the DEIS. Furthermore, this 6.2 percent reduction in the 
mean streamflow is sufficient to generate average annual shortages right now in excess 
of the 400,000 – 600,000 af shortage policy at the heart of the Basin States alternative. 
Evaluating a reduction of this magnitude is hardly inappropriate as it is very close to 
the observed mean of 14.2 maf from 1950 to the present.  
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Figure 1 
Anticipated Average Annual Colorado River Surplus/Shortages 

Under Observed Record and Selected Reconstructed Mean Inflows 

 
 

To its credit, Reclamation does provide some alternative flow sequences summarized in 
Appendix N. However, no analysis was performed on the potential impacts should the 
observed mean streamflow prove inaccurate in projecting future Colorado River flows. 
Two of the three scenarios used relied on the observed record to simulate flows with 
greater variability, but not significant reductions in mean flow volumes. The third 
alternative sequence, Direct Paleo, used Woodhouse data with a mean of 14.6 maf. This 
offered a glimpse into the type of sensitivity analysis that should be undertaken on the 
full range of reconstructed streamflow estimates. The likelihood of shortages rose from 
70 to 80 percent in 2060, with shortages in excess of 2 maf five percent of the time—
shortages not forecasted using the observed mean of 15.0 maf. To these changes 
Reclamation offers just the following commentary on the Direct Paleo results.  
 

“The Direct Paleo scenario underestimates the observed mean, as expected, because this 
paleo reconstruction has a lower mean (14.6 million acre-feet [maf]) than the observed 
period (15.0 maf). …The Direct Paleo is able to generate much lower flows that observed, 
approximately 3.7 maf lower five percent of the time. It was expected the Direct Paleo would 
generate lower flows than observed as these are characteristic of Lees Ferry streamflow 
reconstructions.” Pages N-4/5) 

 
To limit such an important discussion to known statistical differences without any 
background as to why these differences exist, and that surrounding them is a whole 
body of work that suggests that Reclamation is over-estimating the mean annual flow, 
is not only misleading, but wholly inappropriate given the issues at stake should 
Reclamation’s assumptions be wrong.   
 
As Table 2 illustrates, Reclamation’s choice of reconstruction data with an annual mean 
of 14.6 maf is at the top end of the mean flow estimates by paleo-reconstruction 
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Table 3 
Estimated Impact of Inflow Reductions  

On Colorado River Water Balances in 2060 
Using 15.03 maf Observed Mean Streamflow 

 
 Reduction 
  0% -5% -10% -15% 

Inflows 
Mean Inflows at Lees Ferry 15.03 14.28 13.53 12.78 
Gains between Glen Canyon Dam 
  and Hoover Dam.   0.77 0.73 0.69 0.65 
Gains below Hoover Dam  0.50 0.48 0.45 0.43 
 Total System Inflows 16.30 15.49 14.67 13.86 
 
Outflows  
Upper Basin depletions  (4.54) (5.43) (5.43) (5.43) 
Lake Powell evaporation  (0.56) (0.59) (0.62) (0.64) 
Lake Mead evaporation  (0.80) (0.84) (0.88) (0.92) 
Lower Basin & Mexico consumption  (9.00) (9.00) (9.00) (9.00)  
Evaporation and operational 
  losses below Hoover Dam (1.00) (1.05) (1.10) (1.15) 
 
 Total System Losses (15.90) (16.91) (17.03) (17.14) 
 
Net System Balance (0.40) (1.42) (2.36) (3.29) 

 
 

Figure 2 
Estimated Impact of Inflow Reductions on Colorado River Shortages 2010- 2060 

Using 15.03 maf Observed Mean Streamflow 

 
 

These estimated shortages are all calculated assuming Reclamation’s 15.0 maf 
streamflow. As noted above, there is significant evidence that suggest that reliance on 
the observed record my significantly over-estimate the system’s ability to avoid 
shortages.  Moreover, as the Hoering analysis illustrated, models themselves rely on 
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different mean streamflows when making their forecasts. As such, it’s instructive to also 
examine how shortage conditions may change depending on the mean streamflow the 
climate change reduction factor are applied to. Figure 3 illustrates how a 10% reduction 
in flows attributed to climate change would impact the same reconstructed streamflow 
estimates from Figure 1.  
 
 

Figure 3 
Estimated Impact on Colorado River Shortages 2010- 2060 

Assuming a 10% Inflow Reduction to Observed, and Selected Reconstructed Mean Inflows 

 
While nobody yet knows if any of the scenarios outlined in Figures 2 and 3 above will 
pass by Lees Ferry in the coming decades, all estimates are well within the range of 
projections that have been made by climate researchers to date. Needless to say, all 
forecast shortages well beyond the range contemplated by the DEIS.  
 
For Reclamation to project future Colorado River shortages while ignoring such 
overwhelming evidence is of an error of magnitude far greater than mistakes made by 
those who framed the Compact 85 years ago. Then, just a few people were asking that 
caution be exercised given the limited data at hand. Now society is faced with the 
reverse. Most people recognize the need for caution given the volumes of data available 
encouraging it, yet Reclamation alone chooses to embark on a path of risk, blind to the 
flashing lights along the way. 
 
3. The Conservation Unknown 
 
The majority of the DEIS evaluates plans for when and how to reduce flows from Lake 
Mead should certain shortage conditions exist. What is virtually ignored are the steps 
the Lower Basin should be taking to reduce its reliance on this water as these shortages 
gradually become a permanent condition due to increased Upper Basin consumption 
and the potential continuation of the downward trend in overall system inflows. 
 




