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Water & Arizona Agriculture

• Arizona ag water use
• Agricultural production
• Ag exportation
• Food importation





Limiting Factors – ?
Terrestrial Ecosytems 

1. Sunlight 
2. Water
3. Bio-available Nitrogen



~1,222,000 acres (2022) https://www.usfarmdata.com

https://www.usfarmdata.com/


The Great State of Arizona



Arizona Ag Water Use

Source: ADWR, 2 August 2023



Colorado River Water

70-80%         Agriculture
(conventional estimates)

 



Water Use – United States

80%         Agriculture

 

 



Global Fresh Water Use

70%         Agriculture
Primarily in arid

 & semi-arid regions
 



Arid/Semi-Arid Regions
~ 40% of total crop production
~ 60-65% of grain production

  ~ 40-45% of global population



Increasing Global Demand
Food & Fresh Water

• By 2050, feeding a planet of 9B people 
will require:
– 50 percent increase - agricultural 

production 

– 15 percent increase - water demand
 



Arizona Water
• Arizona consumes ~ 7M acre-feet (AF)/year
• 72% used by agriculture ~ 5 MAF

• Each Arizonan uses ~ 
    146 gallons water/day*
• 7.6M Arizonans      1.2 MAF/year
         (wet water)

*ADWR, https://www.azwater.gov/conservation/public-resources

https://www.azwater.gov/conservation/public-resources
https://www.azwater.gov/conservation/public-resources
https://www.azwater.gov/conservation/public-resources


Arizona Agricultural
Production

• Highest yields per acre (unit area).
• High quality crops
• Maximize genetic potential

– Crops
– Animals

• Robust seed industry
– National
– International



Arizona Agricultural 
Economic Production

• $30.9B to the state's economy *
• Includes direct, indirect, and induced 

economic impacts.
• Supporting over 126,000 jobs

– $7.2B in labor income
– contributing significantly to stable employment 

and the state's overall economy.
* Montanía, C., D. Duval, G. Frisvold, J. Quintero. 2024. Arizona’s Agribusiness System in the State Economy: An Economic Contribution 
Analysis for 2022. Department of Agricultural & Resource Economics, University of Arizona Cooperative Extension



Direct Agricultural Production
• Value of agricultural products sold in 

Arizona reached $5.2B in 2022. 
– Crop production: 58% 
– Livestock: 42%. 

• Major agricultural products by value:
– dairy products, 
– cattle and calves,
–  and vegetables/melons. 

* Montanía, C., D. Duval, G. Frisvold, J. Quintero. 2024. Arizona’s Agribusiness System in the State Economy: An Economic Contribution 
Analysis for 2022. Department of Agricultural & Resource Economics, University of Arizona Cooperative Extension

~ 60/40 Split



Growth & Diversification
• $30.9B 2022 = 35% increase in 5 years

– $23.3B figure reported in 2017

• Increased diversity of ag production:
– Urban specialty crops
– Greenhouses
– Alfalfa 
– Dairy farms 

* Montanía, C., D. Duval, G. Frisvold, J. Quintero. 2024. Arizona’s Agribusiness System in the State Economy: An Economic Contribution 
Analysis for 2022. Department of Agricultural & Resource Economics, University of Arizona Cooperative Extension



Crop Water Use



















Evapotranspiration



Good Stewards of Arizona Land & 
Water Resources

Photo Credit: Wayne Connelley Agriculture Photo Collection







Decades of Improvements
• Yields and efficiencies of production 

have increased in Arizona.
– Higher yields

• Highest yields and quality of crops in the world.
– Less land utilized
– Less irrigation water utilized per acre
– Less crop inputs, e.g. pesticides & fertilizers
– Increased diversification of crops and 

cropping systems.
• Including extensive seed production





2022, ~7.5M



Urbanization - 2022
Entity % Urban Residents

Global 57*
U.S. 83 (86)
Arizona 90
California 95

Mexico 81

*60% by 2030, 68% by 2050 (UN)



Water to Feed Arizona
• Water required to feed one person
   (Virtual Water)

800 – 2,000 gallons water/day
• Range is dependent upon meat consumption
• Average is close to 2,000 gallons/day/person

• Using 1,000 gallons/person/day

7.6M Arizonans = 8.3M AF/year



Arizona Water Footprint
• 7 MAF wet water consumed

5 MAF used by agriculture
• 8.3 MAF required / year

–to feed 7.6M Arizonans

• Balance: 
   - 3.3 MAF (deficit) to feed AZ 



Arizona Agriculture
&  

Exportations



Arizona Ag Exports
• Foreign Exports account for 8% of 

Arizona agricultural sales

• Arizona Foreign exports: 
– 88% of cotton, 
– 39% of fruit, 
– 24% of other crops and hay, 
– 9% of vegetable and melon sales. 

The Contribution of Agricultural Exports to Arizona’s Economy
Claudia Montanía, Dari Duval, George Frisvold
Department of Agricultural & Resource Economics, University of Arizona Cooperative Extension
March 2025.



Destination of Arizona’s Primary 
Agriculture Exports, in 2022 USD

The Contribution of Agricultural Exports to Arizona’s Economy
Claudia Montanía, Dari Duval, George Frisvold
Department of Agricultural & Resource Economics, University of Arizona Cooperative Extension
March 2025.

62%





Winter Vegetable Production
• Southwest Arizona

– Yuma Valley, Lower Colorado River Valley

• Principle winter vegetable 
production center for the U.S.
–November to March
– approx. 150,000 acres





Arizona Lettuce/Leafy Greens

• 90% of the U.S./Canada winter 
supply of leafy green vegetables

  - Yuma, AZ

• 25% of the nation’s annual LGV 
production



Arizona Leafy Green Winter 
Vegetable Production

• $4.4B to Arizona's economy 
(2022) 
–56% of the state's agricultural GDP. 



U.S. Agriculture
&  

The Global Economy



Global Economy

• On the average, the U.S. exports 
~20% of annual agricultural 
production.
–Top categories:

• Grains, soybeans, and livestock

Source: USDA – ERS, 2025



Global Economy
U.S. imports ~15% of annual national 
food supply.

– Seasonal and climatic factors drive U.S. 
food imports 
– popular types of fruits, vegetables—and 

tropical products, such as cocoa and 
coffee. 

Source: USDA – ERS, 2025



The United States is a Net 
Agricultural Importer

• U.S. imports exceeding exports by:
$21 B in 2023; $39 B in 2024

• The 2025 deficit was: $41 B 
– increased demand for high-value imports i.e., 

fruits, vegetables, processed foods,
– Strong U.S. dollar making imports cheaper,
– Rising consumer demand
– Tariffs

Kaufman, J. USDA-ERS. 2025. U.S. agricultural import values outpaced export values 
again in 2024. https://www.ers.usda.gov/data-products/chart-gallery/chart-
detail?chartId=58310

https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310
https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310
https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310
https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310
https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310
https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310
https://www.ers.usda.gov/data-products/chart-gallery/chart-detail?chartId=58310




Mexico Ag Imports to the U.S. 
Economic Value - Nogales, AZ
• Fresh Produce imports totaling 

$31.2 B, 2025 
– Fruits, vegetables, and nuts

• Fresh, frozen, and processed 
• Fresh produce accounting for nearly 89% of 

the total.

• Mexico's agricultural imports into 
the U.S. reached $43.9B, 2025



Arizona Ag Exports
• 48% of Arizona’s agricultural exports 

come from primary agriculture, 

• 43% from food and fiber manufacturing, 
and 

• 9% from input suppliers.

The Contribution of Agricultural Exports to Arizona’s Economy
Claudia Montanía, Dari Duval, George Frisvold
Department of Agricultural & Resource Economics, University of Arizona Cooperative 
Extension
March 2025.



Arizona Cotton Production is 
the Most Export-Dependent

Arizona cotton industry is more 
vulnerable to retaliatory tariffs or 
foreign import restrictions.

The Contribution of Agricultural Exports to Arizona’s Economy
Claudia Montanía, Dari Duval, George Frisvold
Department of Agricultural & Resource Economics, University of Arizona Cooperative 
Extension
March 2025.



Conclusions
• Arizona consumes much more water 

through the food required to support the 
population than is used in statewide ag 
production.
5 MAF used in Arizona for food/fiber 
production
8.3 MAF to feed Arizonans

       3.3 MAF Deficit



Conclusions
• Overall, exports account for 8% of 

Arizona agricultural sales.

• On the average, the U.S. exports ~20% 
of annual agricultural production.

• U.S. is a net importer of ag products
– $21B in 2023  $39B in 2024



Conclusions
• Arizona produces the highest yields 

and quality of crops – anywhere in the 
world.

• Arizona crop water use efficiency has 
steadily improved in the past 40 years.

• Arizona contributes to the regional, 
national, and global food supply. 



Water & Arizona Agriculture



Photo credit: Brian van der Brug / LA Times



Colorado River Water Update

5 November 2025

Jeffrey C. Silvertooth

Professor and Extension Specialist 
 Agronomy / Soil Science

Department of Environmental Science



Outline

• Background 
–Geography, hydrology, history
–Law of the River

• Current situation
• Looking ahead – prospects for the 

future



Colorado River Watershed
• 1,450 mile river channel
• 244,000 sq. mile drainage
• greatest elevation drop in 

North America
• budgeted volume = 16.5 

million acre-ft/year
– Columbia River: 192 million acre-

ft/year
– Mississippi River: 400 million 

acre-ft/year

• covers portions of 7 states and 
2 nations

• 40M people w/ 30 American 
Indian Tribes

• ~ 6.0M acres of farmland



Colorado River Water Budget
• 16.5 MAF Currently budgeted 

total
 (7.5+7.5 MAF = 15 MAF + 1.5 
MAF Mexico)

• Average annual flow: 
   14.8 MAF/year; 1906-2000 



Rio Colorado – Sonora/Baja California/Arizona



The Law of the River



Colorado River Compact Signed
24 November 1922



Colorado River Compact
• Created in 1922 to Divide the Water 

of the Colorado River
– At The Bishop’s Lodge in Santa Fe, N.M

• Secretary Herbert Hoover presiding
– Signed 24 November 1922

– Ratified by Arizona on 3 February 
1944







Mexican Water Treaty of 1944

Minute 319
• Mexican Water Treaty of 

1944 committed the U.S. 
to deliver 1.5 MAF of 
water to Mexico on an 
annual basis,

• + an additional 200 KAF 
under surplus conditions.

• Total Colorado River 
allocations: 16.5 MAF

Presa Morelos



Present Perfected Rights, PPRs
The “present perfected rights PPRs” is an important 
aspect of the Law of the River.  

The PPRs are those rights to use Colorado River water 
that were acquired or “perfected” by prior 
appropriation under state law before the Boulder 
Canyon Project Act of 1928 was passed.

BoR has established a priority ranking of water rights to 
administer diversions from the river on a
  “first-in-time-first-in-right” basis.  



Colorado River in the 
21st Century



Lake Mead

2000 - Full



Colorado River – 21st Century

Average flow ~ 12.3 MAF

16 % lower than the 20th Century 
average of 14.8 MAF/year

8.5 MAF in water year 2024-2025 

  







Lake Mead



Average Energy Production Based 
on Elevation at Hoover Dam

y = 0.7552x - 432.28
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2007 Interim Guidelines, Minute 323, Lower Basin Drought Contingency Plan,
and Binational Water Scarcity Contingency Plan

Total Volumes (kaf)

Lake Mead 
Elevation 
(feet msl)

2007 Interim 
Guidelines 
Shortages

Minute 323 
Delivery 

Reductions

Total 
Combined 
Reductions

DCP Water 
Savings 

Contributions

Binational 
Water 

Scarcity 
Contingency 
Plan Savings

Combined Volumes by Country
US: (2007 Interim Guidelines Shortages + 

DCP Contributions)
Mexico: (Minute 323 Delivery Reductions +
Binational Water Scarcity Contingency Plan

Savings)

Total 
Combined 
Volumes

AZ NV Mexico

Lower 
Basin 

States + 
Mexico

AZ NV CA Mexico AZ
Total

NV
Total

CA
Total

Lower 
Basin 
States 
Total

Mexico 
Total

Lower 
Basin 

States + 
Mexico

1,090 - 1,075 0 0 0 0 192 8 0 41 192 8 0 200 41 241

1,075 - 1050 320 13 50 383 192 8 0 30 512 21 0 533 80 613

1,050 - 1,045 400 17 70 487 192 8 0 34 592 25 0 617 104 721

1,045 - 1,040 400 17 70 487 240 10 200 76 640 27 200 867 146 1,013

1,040 - 1,035 400 17 70 487 240 10 250 84 640 27 250 917 154 1,071

1,035 - 1,030 400 17 70 487 240 10 300 92 640 27 300 967 162 1,129

1,030 - 1,025 400 17 70 487 240 10 350 101 640 27 350 1,017 171 1,188

<1,025 480 20 125 625 240 10 350 150 720 30 350 1,100 275 1,375

The Secretary of the Interior will take affirmative actions to implement programs designed to create or conserve 100,000 acre-ft per annum or more of 
Colorado River System water to contribute to conservation of water supplies in Lake Mead and other Colorado River reservoirs in the lower basin. All actions 
taken by the United States shall be subject to applicable law, including availability of appropriations.19



2007 Interim Guidelines, Minute 323, Lower Basin Drought Contingency Plan,
and Binational Water Scarcity Contingency Plan

Total Volumes (kaf)

Lake Mead 
Elevation 
(feet msl)

2007 Interim 
Guidelines 
Shortages

Minute 323 
Delivery 

Reductions

Total 
Combined 
Reductions

DCP Water 
Savings 

Contributions

Binational 
Water 

Scarcity 
Contingency 
Plan Savings

Combined Volumes by Country
US: (2007 Interim Guidelines Shortages + 

DCP Contributions)
Mexico: (Minute 323 Delivery Reductions +
Binational Water Scarcity Contingency Plan

Savings)

Total 
Combined 
Volumes

AZ NV Mexico

Lower 
Basin 

States + 
Mexico

AZ NV CA Mexico AZ
Total

NV
Total

CA
Total

Lower 
Basin 
States 
Total

Mexico 
Total

Lower 
Basin 

States + 
Mexico

1,090 - 1,075 0 0 0 0 192 8 0 41 192 8 0 200 41 241

1,075 - 1050 320 13 50 383 192 8 0 30 512 21 0 533 80 613

1,050 - 1,045 400 17 70 487 192 8 0 34 592 25 0 617 104 721

1,045 - 1,040 400 17 70 487 240 10 200 76 640 27 200 867 146 1,013

1,040 - 1,035 400 17 70 487 240 10 250 84 640 27 250 917 154 1,071

1,035 - 1,030 400 17 70 487 240 10 300 92 640 27 300 967 162 1,129

1,030 - 1,025 400 17 70 487 240 10 350 101 640 27 350 1,017 171 1,188

<1,025 480 20 125 625 240 10 350 150 720 30 350 1,100 275 1,375

The Secretary of the Interior will take affirmative actions to implement programs designed to create or conserve 100,000 acre-ft per annum or more of 
Colorado River System water to contribute to conservation of water supplies in Lake Mead and other Colorado River reservoirs in the lower basin. All actions 
taken by the United States shall be subject to applicable law, including availability of appropriations.19



Tier 1 Reductions

State Reduction 
Acre-Feet

% Reduction of 
Allocation

Arizona 512,000 18

Nevada 21,000 7

Mexico 80,000 7



DCP Tier Reductions - 2026

DCP = Drought Contingency Plan
fas = feet above sea level on Lake Mead
KAF = thousand acre-feet
MAF = million acre-feet

Lake Level 
(fas)

Tier Level Reduction 
Additions 

(KAF)

Total 
Reduction

Total % 
Reduction

1,075 1 512 512 K AF 18
1,050 2a 80 592 K AF 21

1,045 2b 48  640 K AF 23
1,025 3 480 1.2 M AF 43





Colorado River Water Budget

• 16.5 MAF Currently budgeted total
 (7.5+7.5 MAF = 15 MAF + 1.5 MAF Mexico)

• Average annual flow 2000 - 2018 
 ~ 12.4MAF

• 16 % lower than the 1906-2017 average of 
14.8MAF/year

~ 4 MAF differential



All Conservation 
Guidelines Expire

2026



Post - 2026 Guidelines?

1.  Follow the “Law of the River” and 

the high-priority senior water rights 

“present perfected rights, PPRs”

2.  Develop an entirely new approach to 

Colorado River management.



Colorado River Water Budget
• 16.5 MAF Currently budgeted total

 (7.5+7.5 MAF = 15 MAF + 1.5 MAF Mexico)
• Average annual flow 2000 - 2018 
 ~ 12.4 MAF

• 16 % lower than the 1906-2017 average of 
14.8MAF/year

~ 4 MAF differential
 (3-5 MAF, BoR)





Basin States Cannot Agree
11 November 2025 
 (no proposal submitted)

• Basins asked for an extension from the BoR.

14 February 2026
No Agreement

Final decision in the summer of 2026 
implementation beginning in October 2026

* PRINCIPAL DEPUTY ASSISTANT SECRETARY DoI



• The 10-year framework would be broken 
into 5, 2-year plans.

• Lake Powell to Lake Mead releases 
through 2036 could be down to 5 MAF 
– Depending on conditions.

– Continue to evaluate and adjust accordingly

Bureau of Reclamation
Plan Outline (13 May 2026)



• The Lower Basin states AZ, CA, & NV
– possible reductions of up to 3 MAF/year

  40% reduction
• Release water from upstream reservoirs to 

support Lake Powell.

• Allows additional water storage up to:
– 3 MAF in Lake Powell 
– 8 MAF in Lake Mead.

BoR – May 2026



3 MAF LB Reductions per year

• Based on the the Law of the river. 
– Foundation:1922 Colorado River Compact, 

•  IID, PVIDD, and YCWA have the highest 
priority rights for water use (PPRs)

CAP potentially going to zero

BoR Proposed Reductions to 
Lower Basin



�Lower Basin Proposal May 2026 Reductions and Additional Conservation

Lower Basin Proposal May 2026
Reductions and Additional Conservation

15 ARC Meeting #13 May 13, 2026

Arizona California Nevada Total Lower 
Division States

2027 760 KAF 440 KAF 50 KAF 1,250 KAF
2028 760 KAF 440 KAF 50 KAF 1,250 KAF
Total Reductions 2027-
2028 2,500 KAF

Additional Conservation 
2027-2028 300 KAF 300 KAF 100 KAF 700 KAF1

Total Reductions and 
Conservation 1,820 KAF 1,180 KAF 200 KAF 3,200 KAF

1The Lower Division States anticipate working to a target of a cumulative contribution of at least 1 MAF if possible.



�Lower Basin Proposal Reductions and Additional Conservation

Lower Basin Proposal 
Reductions and Additional Conservation

15 ARC Meeting #13 May 13, 2026

Arizona California Nevada Total Lower 
Division States

2027 760 KAF 440 KAF 50 KAF 1,250 KAF
2028 760 KAF 440 KAF 50 KAF 1,250 KAF
Total Reductions 2027-
2028 2,500 KAF

Additional Conservation 
2027-2028 300 KAF 300 KAF 100 KAF 700 KAF1

Total Reductions and 
Conservation 1,820 KAF 1,180 KAF 200 KAF 3,200 KAF

1The Lower Division States anticipate working to a target of a cumulative contribution of at least 1 MAF if possible.



1 May – LB states submitted a 
proposal

Late June - Final EIS 

Late July - Record of Decision

1 October – Implementation of ROD 

BoR Colorado River
2026 Timeline



Dr. James S. Famiglietti Lab, ASU
 
Declining Freshwater Availability in the Colorado River
Basin Threatens Sustainability of Its Critical Groundwater
Supplies
Abdelmohsen et al., 2025. Geophysical Research Letters, 52, 

Unprecedented continental drying, shrinking freshwater 
availability, and increasing land contributions to sea level 
rise. 
Chandanpurkar et al., 2025. Sci. Adv. 11

Groundwater Assessments



Groundwater in the CR Basin

Source: Abdelmohsen, et al. 2025.



Long-term mean TWS trends from GRACE/FO by country. TWS trends (February 2003 to April 2024) averaged for every country. 

Chandanpurkar et al., Sci. Adv. 11, eadx0298 (2025) 25 July 2025

Terrestrial Water Storage



Water & Arizona Agriculture





Central Arizona Project. Santa Rosa Canal. Source: CAP
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