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Colorado River = Major Diversion

• 7 States, 2 Nations

• 8% of area of the Lower 48

• Annual Flow ~15 MAF

= Hudson River

• 40 M People

• All of the Major Cities  in 

Southwest

• 4.5m Irrigated Acres  

• Fully Allocated in 1922

• Withdrawals equaled 

Supplies ~2000

• Large New Projects still 

contemplated

• No longer reaches the ocean



Lee Ferry

Laguna Dam

• Later, Post 1922 Compact
Lee Ferry

Two Key Measurement 
Locations

• Pre 1922
Laguna Dam



Why are Natural (Unimpaired) Flows so important?
• Water Allocation

• Colorado River Compact
• Power Potential

• Hoover
• Construction Decisions

• Reservoir Sizes, Spillways
• Environmental Decisions

• Fish Flows 
• Congressional Funding

• Central Arizona Project
• Operational Rules

• 2007 Interim Guidelines
• Modeling Studies

• 2026 Renegotiations

All comes down to Risk 
Tolerance and Money

1922



Conventional Wisdom re Allocation 
• 1922 Compact Negotiated 

during High Flow Period
• High Flows evident in…

• Current 1906-2018 Natural Flow 
Database

• Paleo Record (developed 1976 
and later)

• “We did the best we could”

And these claims are..
• True

• True…and

• False

Meko et al., 2007 GRL

1922



Key Actions and Selected Lee Ferry Natural Flows 

1922 Compact Signed

USGS LaRue 1916 

Reclamation AP Davis 1922

USGS Stabler 1924

USGS LaRue 1925

Sibert Board Report, 1928

Reclamation Debler 1930

Reclamation Debler 1934

Reclamation drops 1896-1905

from Natural Flow Database

Reclamation includes 1896-1905

In letter to Stockton 

~16     maf

~18.1  maf

~15.7  maf

~15     maf

~14.2    maf

~17.4.   maf

~16.7    maf

Kuhn, Fleck, Kanzer, Udall, in preparation

CAP yield increased 

by ~15%, 200 kaf/yr

Database extends from 1906-2018

~14.8    maf

~ 14.7    mafToday

1976 Stockton and Jacoby 

Tree-ring Study

1968 Central Arizona Project Act

1928 Boulder Canyon Project Act



USGS 1924 Stabler Report

13.6 MAF Mean at Laguna, 1922 Conditions



1920s Low Flow Statements from Reports

• Stabler, USGS, 1924
• “The estimates of water supply and practical storage for the period 1878-1922 indicate 

that through long periods not to exceed 12 maf of water a year may be relied on for 
future irrigation…”

• LaRue, USGS, 1925
• “… the 20-year period from 1886 to 1905 was an unusually long period of low run-off” 

(~13.2 maf/yr)

• Sibert Board, 1928
• “One of the most significant facts shown by these estimates is the existence of a long 

dry period in the Colorado River flow prior to 1906. …the flows ...from 1906 to 1927 
are materially higher than the flow for the preceding 20 years and that a long period of 
equally low flows must be expected to recur at any time.”



Extended Lee Ferry Natural Flows 1875−2018
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Red –
Current Natural 
Flows from 
Reclamation –
1906 to 2018
(14.7 maf/yr)
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Additional Flows
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Green – Decadal Averages
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Conclusions
• At the time of the Compact, we knew the historic Colorado River 

Natural Flow at Lee Ferry was about ~15 maf/year, not something 
bigger
• 3 separate studies warned of extended droughts

• In 1916 data existed back to 1895 and by 1924 back to 1878

• 1886 – 1905 Dry Period was well known
• ~13.2 maf/yr

• Reclamation* used higher estimates despite contrary studies
• 1930s Debler Studies supported large Lake Mead contracts
• 1960s Central Arizona Project studies dropped low pre 1906 

Natural Flows to increase yield of project

• Current Model Studies would get very different risk results with the 
inclusion of low flow years prior to 1906
• 1906-1928 wet period ‘bails out’ all Low Reservoir Conditions
• Use of ‘Stress Test’ (1988-current, 13.2 maf/yr) hydrology 

shows very different results

*Reclamation is a very different entity today. And Reclamation was 
helped by the states and Congress, too.  All wanted major projects.

<10% Risk using 
Full Hydrology

>20% Risk using ‘Stress 
Test’ Hydrology
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The Colorado River Basin, a primary water supply for 40 million people in southwestern North America, is overused and 
facing serious shortages in the near future. Existing demands for the river’s waters exceed the available supply and 
additional projects are under consideration. The common wisdom is that the negotiators of the 1922 Colorado River 
Compact, the basic pillar of the law dividing the river, did not realize they were carving up the river’s water during what 
we now know were unusually wet times – that the did they best they could with the information they had at the time.
We believe this understanding is wrong. Instead of an annual average natural flow at Lee Ferry of 17.5 million acre-feet, 
the number assumed by the Compact Commission, we believe the negotiators had available science that should have led 
them to conclude that the flow was only 15 million acre-feet, about 15% less. Unfortunately, that would have meant 
there was not enough water to meet the water development aspirations of a future empire of farms and cities across the 
US Southwest. Rather than choosing the more difficult path of dividing up a smaller river, they chose the more 
convenient path of ignoring the science.
Why is this relevant today? Because like one hundred years ago, the basin faces serious challenges. Then it was the 
engineering and politics of development. Today, it is how to reduce uses to sustainable levels in the face of climate 
change-driven aridification. Flows since 2000 are almost 20% below the 20thcentury average. Of the ten lowest runoff 
years since gauging began 113 years ago, four have occurred since 2010. Runoff efficiency has declined as temperatures 
have risen to almost 2F above the 20thcentury average. Temperature induced losses may be as high as 20% by 2050 and 
35% by 2100. Permanent aridification is underway, not temporary drought.
Negotiations to revise or extend the 2007 operational guidelines on how the system reservoirs will be operated have 
already unofficially begun almost two years ahead of schedule because of critically low reservoir elevations. The 
assumptions negotiators make regarding the river’s future water supply will be one of the most critical factors for the 
new rules set to take effect in 2027. Will the decision makers again choose political convenience over science?



USGS WSP 395, LaRue, 1916



Reclamation Service Fall-Davis Report, 1922



USGS WSP 556, LaRue, 1925



USGS 1924 Stabler Report

13.6 MAF Mean at Laguna, 1922 Conditions



Reclamation Service, 1930 Debler



Sibert Board Report, 1928



LaRue, 1925


