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• Jan 2000: 
Powell+Mead 95% 
Full, 
47 MAF

• By April 2022:
Powell+Mead less 
than 30% Full, 
15 MAF

• Loss of 32 MAF or 
1.4 MAF/Year

32 maf



Colorado River = Major Diversion

• 7 States, 2 Nations, 30 Tribes

• 8% of area of the Lower 48

• Annual Flow ~14.75 MAF

= Hudson River

• Worst drought in gaged record 
started 2000 ~12.3 MAF/yr

= ~19% decline annually

• 40 M People

• All of the Major Cities  in SW US

• 4.5m Irrigated Acres  

• Fully Allocated in 1922

• Withdrawals equaled Supplies ~2000

• New Projects still contemplated

• No longer reaches the ocean

• Feds Announce 2-4 maf reductions in 
June 2022 for 2023 and beyond



August 21, 2021

August 13, 2021

August 16, 2021
August 21, 2021

Lake Mead will fall below 1075’ on January 1, 
2022, triggering first-ever ‘Tier 1’ water 
shortage in Lower Basin…..













Nevada: “Yet despite the obvious urgency of the situation, the last sixty-two days 
produced exactly nothing in terms of meaningful collective action to help forestall 
the looming crisis”.

Arizona: “It is unacceptable for Arizona to carry a disproportionate burden of 
reductions for the benefit of others who have not contributed.”

Southern California: even though “the Basin States have not yet agreed on a 
consensus-based solution to address declining reservoir elevations, California will 
continue implementing additional conservation programs in 2023 that result in 
meaningful water contributions to the system.”

Recent Statements from the 3 Lower Basin States



Overview

• Every Trend in Wrong Direction

• How can 85% Snowpack -> 30% 
Runoff?

• Recent Scientific Studies

• Not a Drought, Not New Normal

• Worrisome Projections

• What to Plan For?
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Figure: Udall and Overpeck, 2017 updated through 
water year 2021.
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Lake Powell ~2000 Full Pool Lake Powell October 2021 155’ Low

Paired Lake Powell Photos near Hite, UT, 22 Years Apart
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Hite Boat Ramp
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Last 22 Years: How Different from 1906-99?

Mean: 15.2 maf vs 12.3 maf (-19%)

High Flow Years (>15 maf): ½ as many

Low Flow Years (<10 maf):  2.5x as many

If Worst 22-Year Period in 20th Century
had repeated, reservoirs would be 
55% full, not 27% full.

Take Home: Last 22 Years has no 20th C 
Analog. It is completely different. 

Lee Ferry Natural Flow Declines 2000-21



• Actual Inflows into Powell with effects 
of Upstream Reservoir Operations 
Removed

• If you added Upper Basin Demands to 
these flows you’d have ~ “Natural 
Flows”

• 2000-2021 Average is 8.4 maf/year

• Take Home: This is less than the 
commonly accepted Colorado River 
Compact amount that is required for 
delivery to the Lower Basin. Reservoir 
releases have made up the difference.

Unregulated Inflows into Powell 2000-2021
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• Worst 22-Year Running Average 

• Lows are record-setting, numerous
• 2018 Bottom 10 - Worst since 1895
• 2020 Bottom 10
• 2021 Bottom 20
• 2012 Bottom 10
• 2002 Bottom 10
• 2000 Bottom 20

• 1/3 of Years are bottom 20

• Highs are Lower than many 
20th Century Highs

Precipitation Declines 
2000-21 



• Temperatures up ~ 3°F 
(1.7°C) since 1970

• Not a single year after 
1999 below 20th

Century Average
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Large Temperature 
Trends since 1970
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How can 85% April 1 
Snowpack -> 30% Runoff?

• 20th C: Only Winter Precipitation Mattered

• But UCRB Precipitation falls evenly every month

• Since 2000 Precipitation Declines:
• Small Decline Oct-Feb
• Large Declines Mar+Apr and Jun+Jul+Aug

• March+April declines allows 
early runoff + early greenup

• Jun+Jul+Aug declines + High Temps dry out soils

• Answer + Insights:
• Previous Year Dry + Hot Summers along with Early 

Springs sharply reduce runoff 
• Dry soil moisture serves as a memory from one year 

to the next
• Summer Precipitation is important!

13” 
SWE



2 to 6 Week Early Runoff Allows earlier Greenup



• 1. Temperature Increases
• Increased Evaporation / Transpiration

• Proven Connection to Climate Change
(-9% flow loss / 1 °C Increase )

• 2. Precipitation Decreases
• 2000-21 worst 22-Year Period for 

Precipitation

• Summer Precip Declines are critical

• Hints of Connection to Climate Change
• Hoerling et al., 2019

Why are the 21st Century 
flows so different?



Recent CRB Peer-Reviewed Studies

• Snowpack - 2021
• Groundwater - 2021
• Precipitation Declines are 

Human Caused - 2019
• Flow Loss is up to -9% / °C 

Warming - 2020
• Summer Soil Moisture 2nd worst 

in 1200 Years -2020
• Runoff Efficiency is down since 

1988 - 2016
• Up to Half of Flow Loss due to 

Humans (4 papers)



Glen Canyon Dam

Page AZ

Lake Powell near Wahweap Marina

High Water Mark



‘Aridification’, Not Drought

• Not a Drought and Not a ‘New Normal’

• Declining Snowpacks

• Earlier runoff

• Shorter Winter

• More rain, less snow

• Higher Temperatures:  > 3°F

• Drying Soils 

• Severe Fires

• Forest Mortality

• Warm Thirsty Atmosphere (holds more moisture)

• Northward moving storm tracks (less certain, but a 
worry)

• Megadrought



Projections 1: Reservoirs, Power, UB Water Delivery
• Mead at or below 1020’ 

• Problem: 20% full, Rules inadequate
• When: Greater than 40% chance starting in 

2023

• Powell at or below 3525’
• Problem: Power Generation at Powell at Risk 
• When: Greater than ~40% every year next 5 

years

• Compact Delivery Commitment Violation 
• Problem: Non–Depletion Obligation never 

defined
• When: Possible by 2025 / 2026

Note: 

1. These are not independent events

2. BoR inflows fail to adequately capture 
2000-21 risk (~1 maf too high)

Reclamation, 2022



Projections 2: Lee Ferry Flows and Temperatures

• Lee Ferry Flows
• Udall and Overpeck: up to -30% by Mid-century 

• Milly and Dunne: +5% to -40% by Mid-Century 

• State of Science Report: “strong tendency … 
towards lower runoff”

• Upper Basin Temperatures
• Current Trend has another 2°F/1°C rise by 2050

• Models say almost 5°F/°2.5C possible



What Future to Plan For?
• Given…

• All Trends are in Wrong Direction
• Climate System is ‘Non-Stationary’
• ‘Tipping Point’ probabilities are too high 
• We only control demand
• therefore…

• To avoid Water Management Malpractice…
• Should anticipate Future Inflows less than last 

22 years (12.3 maf) 
• But how much less?
• “Reasonable Worst Case” Future

• Piecemeal vs Wholistic Planning Options
• ‘Incrementalism’ unlikely to prepare us
• Tipping Points indicate lurking Law of the River 

problems
• Where are our Delph / Delphina Carpenters?

Science, May 28, 2021

“…only by planning for even greater 
declines can we manage the real 
economic, social, and environmental 
risks of running low on a critical 
resource upon which 40 million North 
Americans depend.”



Take Home Messages
• Every Trend Line Wrong

• Spring Runoff now Influenced by 
Early Spring Dry, Previous Summer 
Heat and Dry

• Not a Drought, Not New Normal

• Projections are worrisome

• What to plan for ?
• More flow declines, but how much?
• We only control demands

• Two Paths Forward
• 1. Incrementalism
• 2. More Wholistic Look at entire Law of 

the River

• Era of Equitable Shortage Sharing



2026 Renegotiation Considerations 
• Open, Inclusive Process

• Full EIS with Open Tools

• Permanent Structural Deficit Solution Needed
• Remove 1.2 maf in Lower Basin Demand
• Charge Evaporation to LB States pro-rata on use

• Plan for Extended Low Flows
• Give up on providing future flow probabilities from Climate Models
• Use Stress Test Hydrology PLUS very low flows from warming (10 or 11 maf)

• Revisit Long Standing Assumptions
• AZ forced to bear full Structural Deficit solution
• Compact Section III(d) Delivery ”Obligation”
• Upper Basin allowed to develop to 7.5 maf at own pace promise in 1922

• Reservoir Management 
• use volume + inflows, as triggers
• Use combined Mead + Powell volumes

• Strict Rules on New Diversions
• Additional Diversions put existing UB diversions at risk
• No New Net Demand Increases
• Very Stringent Rules on when new Demands Allowed to Divert

• Central Arizona Project (CAP) can not be cut to 0

• Outstanding Tribal Claims need to be resolved

• Upper Basin Lake Powell Demand Management Account
• Free from Lower Basin Control

• Need ways to allow states to contribute without seeming to contribute

Combined Mead + Powell Storage
2000 - 2022


