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T his report is designed to offer a snapshot into the food systems of California and provide 

a taster menu of a number of important themes across the supply chain. Like the other 

reports in the California 100 research series, this report offers a review of facts, origins, 

and trends to inform readers about a significant California sector and to help situate a reader  

in an area of complex policy that is changing and may need to change even more rapidly to  

address continued warming in California’s agricultural lands and shrinking water supplies. 

For most Americans, a day without California agriculture is a day without fruits and vegetables. 

California farms for the nation and, in the case of specialty crops, for the world. In spite of its 

once remote location, California has spent over a century building national and international 

networks to supply commodity food products. While the bumper crops have changed over time 

from wheat to oranges to almonds, California and the U.S. have invested in agricultural success 

as evidenced in numerous large-scale water infrastructure projects (e.g., the State Water Project 

and Central Valley Project) transporting water hundreds of miles across the state. 

To understand the significance of California’s food systems, it is important to understand the 

nature of California’s food business. California’s food systems are extensive—24,522,801 acres of 

agricultural land—and profitable, with the largest cash crop receipts of any state. Millions of 

California residents depend on the food system for employment including farmers, processors, 

cold storage facility operators, supermarket employees, and restaurant workers. The large-scale 

agribusiness industry of today has been made possible by extensive irrigation and vertical 

integration of supply chains. While California’s earlier agricultural history has been largely predi-

cated on expansion enabled by fertile soil, sufficient water sources, and cheap labor, the future 

of California’s food systems may need to transition as growers seek to respond to a cascade of 

challenges including decreasing soil fertility, disappearing water, and drought. Research on  

the impact of rising temperatures on food production in the Central Valley, California’s largest 

producer of food, is alarming and suggests that producers may need to pivot towards new 

crops or new methods of production to respond to climatic challenges. Other partners in the 

food system supply chain including wholesalers and distributors may also need to respond to 

address the climate-related energy costs associated with storing and transporting food.  



A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    11

Some growers are innovating. In the years to come, there is likely to be more plant-based foods 

available, more high-quality protein aquaculture, more organic soil amendments, more recy-

cled water and groundwater recharge infrastructure, more drought-resistant plantings, more 

mechanization in food production, and less food and water waste. Californians will need to 

continue to focus attention on building food systems that ensure universal access to good 

quality nutritional food. Scaling up urban farming opportunities, particularly community farms,  

is a promising statewide approach to deliver needed food access with dignity. 

In the third decade of the 21st century, California is expected to supply one-half of the U.S. grown 

fruits and nuts and to be the only U.S. exporter of numerous specialty crops particularly nuts. 

California leads the nation in production of a variety of crops, including almonds, artichokes, 

celery, figs, garlic, grapes for raisins, kiwifruit, honeydew melons, nectarines, olives, clingstone 

peaches, pistachios, plums, rice, and walnuts. Marketers have been keen to extend to California 

an array of desirable food monikers: “the land of fruits and nuts,” “land of milk and honey,” and 

“the land of grapes.” Agriculture has flourished in California over the last century because of a 

relatively stable climate, fertile soils, and sufficient labor. Yet all is not sunny in the Golden State. 

There are challenges for California’s food systems ranging from multi-year droughts to wildfires. 

All these challenges are exacerbated by climate change. 

In this report, we start with background about California’s existing food systems, including 

major production sectors, resource-limited inputs (e.g., water), and challenges. In the second 

part of this report we explain how a combination of fertile land, substantial capital investment, 

extensive irrigation, the transcontinental railroad/highway network, and cheap labor made the 

modern California food system possible. The report will then highlight a selection of specific 

trends that are likely to pose ongoing challenges for food production. Most notable among 

these trends is a decrease in water sources, increase in labor shortages, increase in warming, 

increase in potential flooding events, and an increase in reliance on foreign agribusiness im-

ports. Finally, the report will discuss a number of future developments that may influence the 

future of food systems in California.        

INTRODUCTION
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PART I.  

GENERAL INTRODUCTION TO CALIFORNIA’S FOOD 
SYSTEM FROM PRODUCTION TO CONSUMPTION

This section of the report starts with an overview of California as a major food production state. 

This section also examines the larger supply chain from farm to consumer. California produces 

for its own almost 40 million residents as well as supplying most supermarkets across the 

United States with fresh fruit and produce as well as a variety of processed foods. California’s 

food systems are an important part of California’s economy, linking California not just to the rest 

of the nation, but to the world. 

A. Farmland and Major Production Regions

California is the third-largest U.S. state occupying about 4.3 percent of the U.S. landmass and 

covering 164,000 square miles (105 million acres). Only Texas and Alaska are larger in size. Other 

major U.S. fresh food production states are significantly smaller than California with Florida 

being about 3 times smaller, Washington about 2.3 times smaller, and Arizona about 1.4 times 

smaller. Within the United States, California has the largest crop cash receipts of any state 

meaning that California earns more than other states participating in the agricultural sector.1 

The $49.1 billion earned in California is about 2.8 percent of California’s GDP.2 

The 2017 Census of Agriculture for California records 24,522,801 acres of agricultural land— 

nearly one-quarter of the state’s total landmass—across a diverse set of production regions.3 

This is a steady decline of land acreage in agriculture as measured in 1987 when California had  

 

 
1  USDA Economic Research provides in 2020 that California had $49.1 billion of cash receipts for all commodities 
(75% in crops and 25% in animals and other products) with $37 billion in crops receipts. In comparison, Texas had 
$20.1 billion of cash receipts (70% in animals and products and 30% in crops). Other fresh food production states 
had significantly smaller cash receipts. For example, Arizona (~60% crops) had $2.2 billion in crop receipts; Flori-
da (~80% crops) had $5.9 billion in crops receipts; and Washington (~72% crops) had $7.1 billion).  

2  University of Arkansas, Division of Agriculture, Economic Impact of Agriculture, California. For other states, 
agriculture represents a much larger GDP sector. For example, agriculture in Wisconsin—a major national dairy 
producer state—represents 6.9% of the state GDP. For other major fresh production states agriculture has a 
similar market share: Arizona (1.7%), Florida (1.6%), and Washington (2.9%).   

3  USDA 2017 Census of Agriculture, Table 1: Historical Highlights. This report relies primarily on published statis-
tics from the 2017 Census. A 2022 Census is being conducted and will include updated data that will be released 
in spring/summer 2024. 

https://economic-impact-of-ag.uada.edu/california/
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/California/st06_1_0001_0001.pdf
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30,598,178 acres of farmland. A more recent evaluation of acres of farmland in 2020 records 

24,300,000 acres of farmland making California the state with the 16th largest amount of farmland.4 

The amount of farmland available in California has been a political issue particularly since the 

1960s, when prime farmland was converted to urban uses. Some farmland today is protected 

from residential or commercial development under the Williamson Act (California Land Conser- 

vation Act of 1965) which allows a local government to enter contracts with private landowners  

to restrict the use of specific lands for agricultural or related open space use for typically 10-year 

terms that are renewed annually. Some cities and countries offer 20-year contracts referred to 

as “Farmland Security Zone” contracts.  Landowners receive lower tax assessments for lands 

with a contract concluded under the Williamson Act. In 2020, 14.4 million acres across the State 

were enrolled in Williamson Act contracts. In 2021, only 10 million acres were reported as being 

enrolled under the Williamson Act with a significant drop in land considered “standard non-prime”.5 

In recent years, farmland in California has been decreasing in terms of acreage. The state has 

been measuring this since 1982 through its nonregulatory Farmland Mapping and Monitoring 

Program (FMMP) designed to measure land use changes. Designation on a FMMP map is relied 

upon for California Environmental Quality Act analysis as well as disclosures related to Califor-

nia’s Right to Farm.6 For example, between 2014 and 2016, the Farmland of Statewide Impor-

tance—identified based on irrigated agricultural production and on specific physical/chemical 

soil criteria—decreased by 26,557 acres in the state.7 Losses of this land were partially offset by 

an increase of 33,704 acres of Unique Farmland with poorer quality soil. Most of this conversion 

was in the San Joaquin Valley region. In addition to these conversions, 70,886 acres of land were 

reclassified in the southern San Joaquin Valley from irrigated land to either grazing land or 

Farmland of Local Importance due to water shortages and increasing salinity. In response to  

 

4  USDA Economic Research Service, Charts and Maps About your State. The state with the largest amount 
of farmland acreage is Texas with 126,000,000 acres followed by Montana with 58,000,000 and Kansas with 
45,700,000 acres.  

5  California Department of Conservation, The Williamson Act Status Report 2020-2021. The Department of Con-
servation distinguishes in its reporting between “prime” and “non-prime” agricultural lands based on certain 
economic and production criteria as well as between “standard” lands (shorter contracts) and “super” lands 
(longer contracts). The Department of Conservation notes that, since the state government ceased subvention 
payments to counties and there is no obligation to report new contracts under the Williamson Act, cities and 
counties may be underreporting enrolled acres. 

6  California has a “Right to Farm” law which has required that land sellers or lessors must disclose whether 
property is located within one mile of farmland as designated on an official “Important Farmland Map” issued 
by the California Department of Conservation, Division of Land Resource Protection, since 2009. See California 
Business and Professions Code Section 11010. 

7   2014-2016 Farmland Conversion Report. This is the most recent statewide public report posted on the Califor-
nia Department of Conservation; data is otherwise available on a county by county basis or through a GIS tool. 

https://www.ers.usda.gov/data-products/farm-income-and-wealth-statistics/charts-and-maps-about-your-state/
https://www.conservation.ca.gov/dlrp/wa/Documents/stats_reports/2022%20WA%20Status%20Report.pdf
https://www.conservation.ca.gov/dlrp/fmmp/Pages/2014-2016_Farmland_Conversion_Report.aspx
https://maps.conservation.ca.gov/DLRP/CIFF/
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California Important Farmland 2018 Figure 1  

SOURCE: Farmland Mapping and Monitoring Program based on data from USDA, Natural Resources 
Conservation Service and current land use information. 

concerns about ongoing loss of farmlands, the Agricultural Land Mitigation Program through 

the California Department of Conservation offers grant funding for the purchase of agricultural 

conservation easements in six Central Valley counties: Fresno, Madera, Merced, Kern, Kings, and Tulare. 

Additional farmland conservancy funding is available under the 1995 California Farmland Con- 

servancy Program Act, which has extended around 184 agricultural conservation easements on 

approximately 60,000 acres of strategically important farmland, and the more recently created 

Sustainable Agricultural Lands Conservation Program (SALC Program). The SALC Program is 

part of the California Strategic Growth Council’s Affordable Housing and Sustainable Communities 

https://data.ca.gov/showcase/california-important-farmland-time-series
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Program, which provides for the purchase of agricultural conservation easements to offset 

greenhouse gas reduction from project developments and create a more resilient agricultural 

sector. As of 2022, the program has 101 acquisition projects to conserve 117,000 acres and is 

financed in part by the California Climate Investments Fund, which is funded by quarterly 

proceeds from the California Air Resources Board’s quarterly cap-and-trade auctions.8 

Of the approximately one-quarter of California’s land that is classified as either farms or ranches,  

39 percent of this is cropland (9,597,439 acres).9 Almost all of this cropland is harvested cropland 

(7,857,512 acres) that is irrigated (7,348,890 acres).10,11 Over the last four decades, growers have 

been planting increasing acreage of irrigation-dependent orchards and vineyards. Approxi-

mately 47 percent of California’s total farmland is permanent pasture and non-irrigated range-

land (approximately 11,606,249 acres).12 Most of this land is not irrigated.  

Most farms and ranches are in rural settings. Traditionally, the state has been divided into seven 

primary production regions, cutting along county lines to facilitate statistical comparisons.13 

These seven regions are the North Coast, Mountain Region, Central Coast, Sacramento Valley, 

San Joaquin Valley, Southern California, and the Desert.

 

 

 

 

 

 

8  California Strategic Growth Council, (2021) Sustainable Agricultural Lands Conservation Program.  

9   USDA 2017 Census of Agriculture, Table 6, Summary by Farm Typology Measured by Gross Cash Farm  
Income and Non-Family Farms-California supra note 3. 

10  Id.  

11  USDA 2017 Census of Agriculture, supra note 3. (“Irrigated farmland” refers to land that has either an  
on-farm water withdrawal or a water delivery organization providing water.)  

12  Id.; W. Salls et al. (2018) “Modeled Soil Erosion Potential is Low Across California’s Annual Rangelands,”  
California Agriculture 72(3):179-191.  

13  These divisions are based on the Census of Agriculture that used to be conducted by the California Crop and 
Livestock Reporting Service through cooperative agreements between the USDA and State Departments of 
Agriculture/State Universities. Today, these statistics are collected by the California Agricultural Statistics Service. 
The California Agricultural Statistics Service uses different delineations. The Mountain region is broken down 
into North Mountain (Siskiyou, Trinity, and Shasta), Northeast Mountain (Modoc, Lassen, and Plumas), and Sierra 
Nevada (Sierra, Nevada, Placer, El Dorado, Amador, Calaveras, Alpine, Tuolumne, Mariposa, Mono, and Inyo). The 
North Coast, in terms of statistics, only includes Del Norte, Humboldt, and Mendocino. Lake, Napa, and Sonoma 
counties are linked to the Central Coast. Southern California includes not just Los Angeles, Orange, San Diego, 
Santa Barbara, and Ventura counties, but also San Bernardino, Riverside, and Imperial counties. 

https://sgc.ca.gov/programs/salc/docs/20210729-SALC_FactSheet.pdf
https://doi.org/10.3733/ca.2018a0021
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Major Production Regions in California Agriculture  Figure 2  

SOURCE: “The	Measure	of	California	Agriculture,”	(2009)	 
University of California Agricultural Issues Center, Figure 1.8. 

about:blank
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The North Coast and Mountain regions cover 24 counties. These regions contain steep  
terrain and have been dominated by livestock operations. These operations have historically 
used a combination of owner-operated pastureland and leased public rangeland. Important 
farming areas in these regions include Tule Lake basin (reclaimed by the Klamath Reclamation 
Project), Mendocino/Sonoma/Napa County grape-growing valleys, and Humboldt County 
coastal plain dairies.  

The Central Coast region encompasses nine counties both north and south of San Francisco 
Bay. Farming occurs primarily in valleys between the Coast Range’s north-south mountain 
ridges. This region encompasses production of fresh vegetables, wine grapes, and livestock. 
While most of the production is in pastures and rangeland, the Salinas Valley has become 
known as the “salad bowl” of the nation with large plantings of salad produce planted in the 
Salinas Valley since World War I. The area around Paso Robles in San Luis Obispo County is a 
major wine production area. In 2019-2020, Monterey produced the fourth highest agricultural 
values in the state. 

The Central Valley comprises the Sacramento Valley, the San Joaquin Valley, and the Delta 
covering parts of 17 counties. Three counties in this region produce most of the economic value: 
Fresno, Kern, and Tulare. Two-thirds of California’s agriculture comes from this region with the 
Central Valley supplying 8 percent (by value) of the U.S. agricultural output on less than 1 per-
cent of U.S. farmland. This food production constitutes about 25 percent of the U.S.’ food.14 

In the northern portion of the Central Valley, the Sacramento Valley covers nine counties and 
produces a variety of crops, including rice, which depends on relatively inexpensive irrigation 
water and impervious soil. Row crops and fruit and nuts are also produced in this region. The 
Sacramento Valley has historically depended on the Sacramento River and its tributaries for 
irrigation. Today these rivers are managed through extensive statewide water projects. 

Approximately 75 percent of California’s irrigated land and 17 percent of the United States’ 
irrigated land is in the Central Valley.15 The region faces repeated water challenges due to  
recurring droughts compounded by inconsistent availability of water from water infrastructure 
projects, such as the Central Valley Project, which announced the intent to release no water  

to farmers in 2022.16, 17  

 
14  USGS, California Water Science Center, California’s Central Valley.  

15  USGS, California’s Central Valley.  

16  Westlands Water District Statement, Westlands Water District Statement on Initial CVP Water  
Allocation (February 23, 2022). (Note that the 2021 drought led to 200,000 acres being fallowed in the state.) 

17  The Central Valley Project refers to a 400 mile federally built and managed storage and conveyance system 
of dams, reservoirs, and canals designed to deliver water to farms, homes, industry, and the environment as  
well as produce electric power and mitigate flood risk. A map of the Central Valley Project is available on the 
following page and in further detail in Part V of this report. 

https://ca.water.usgs.gov/projects/central-valley/sacramento-valley.html
https://ca.water.usgs.gov/projects/central-valley/san-joaquin-basin.html
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In the southern portion of the Central Valley, the San Joaquin Valley covers eight counties with 

about 5,087,000 acres of farmland. Of the 27,478 square miles within the Valley, 7,948 are con-

sidered “Prime Farmland,” “Farmland of Statewide Importance,” or “Unique Farmland.”18 The 

San Joaquin Valley is heavily irrigated. For example, in Fresno and Tulare County, respectively, 59 

percent and 45 percent of farms are irrigated.19 As described later in this report, this reliance on 

irrigation has become a challenge for farmers as less and less water is available for irrigation due 

to an ongoing drought. High-value crops are grown in this region, including fruits, nuts, grapes, 

citrus, and cotton. Dairy and poultry production are also major enterprises. The State Water 

Project has been particularly significant for growth in this area because the region does not 

receive sufficient precipitation to support its production crops.20 The western portion of the San 

Joaquin Valley has been farmed for many years by large corporations. The former Tulare Lake 

that was one of the largest freshwater lakes in the U.S., was drained in the 19th century and 

converted to highly productive irrigated farmlands.   

Located at the confluence of the San Joaquin and Sacramento Region is the Delta, dominated 

by man-made levees on protected fields that were reclaimed from the delta for agricultural 

production. Figure 3 on the next page, shows California’s primary water storage, conveyance, and 

delivery facilities throughout the state. Much of this production area is below the waterway, and 

field subsidence is jeopardizing ongoing agricultural production. The Delta is a significant 

player in California’s water politics. Thirty million residents and 6 million acres of farmland rely 

on water from the 1,100 square miles of the Delta supplied largely from the Sacramento River.21 

In addition to the existing Central Water Project and State Water Project, there had been a 

multi-decade discussions of building the “California WaterFix” to pump water through tunnels 

from the Sacramento River to the California Aqueduct (part of the State Water Project) to pro-

tect endangered fish habitat and a more reliable water supply for some users. Delta farmers 

opposed the project because they anticipated southern regions of California consuming too 

much water that would impact both farmers and f ish. The California WaterFix project was 

rejected and a new plan–the “Delta Conveyance Project” to divert 6,000 cubic feet per second 

(cfs) from the Sacramento River to the southern delta–is presently under environmental review. 

18   California Department of Conservation: Farmland Mapping and Monitoring Program. 

19   USDA Census of Agriculture County Profile.  

20  The State Water Project refers to a California built and managed water storage and conveyance system 
collecting water from Northern California to be delivered to farmers and municipal users through a network of 
aqueducts and pumping stations. The Project also generates hydroelectricity. The State Water Project shares 
facilities with the Central Valley Project. Governor Pat Brown once remarked about the State Water Project that  
it was intended to “correct an accident of people and geography.” A map of the State Water Project is available 
on the following page and in further detail in Part V of this report.  

21  G. Gartrell et al. Policy Brief; Tracking Where Water Goes in a Changing Sacramento (May 2022). 

https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/County_Profiles/California/
https://www.ppic.org/publication/policy-brief-tracking-where-water-goes-in-a-changing-sacramento-san-joaquin-delta/


Map of Water Storage, Conveyance and Delivery Facilities in California Figure 3  

SOURCE: Shannon1 CC BY-SA 4.0. 
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This project, which at its maximum output would deliver 4.3 million acre-feet per year, is opposed 

by environmental groups, water agencies, and farmers due to concerns over water salinity. 

Some stakeholders hope that “big engineering” cross-Delta transfers will be abandoned.

 

Southern California, which encompasses South Coast counties, includes five counties with 

high-value crops, including citrus and specialty crops such as avocados. Ventura and Santa 

Barbara counties produce, respectively, the second most lemons and second most strawberries 

in the state. Ventura, San Diego, and Santa Barbara counties produce, respectively, the 10th, 12th, 

and 13th most agricultural value in the state. 

Desert encompasses Imperial, Riverside, and San Bernardino valleys. The key production areas 

in this region include the Coachella and Imperial Valleys. In 2019-2020, Imperial Valley produced 

the third highest gross value of vegetable crops in the state after Monterey and Fresno counties, 

which accounted for 10.2 percent of the state’s total. These regions depend on imported water. 

 

Region County
Percent of 

State Agricul-
ture Shares 

(2017)

Number 
of Farms 

(2017)

Acres of 
Farmland 

(2017)
Top Crop in 

Acres for 2017
Percent of 
Irrigated 

Farms
Percentage of 

Crops/Livestock

Central 
Valley

Fresno 13% 4,774 1,646,540 Almonds 59% 71/29

Kern 9% 1,731 2,295,497 Almonds 32% 84/16

Kings 4% 963 615,958 Cotton 60% 50/50

Madera 3% 1,386 645,358 Almonds 47% 77/23

Merced 7% 2,337 946,385 Almonds 52% 44/56

San Joaquin 5% 3,430 772,762 Grapes 63% 75/25

Stanislaus 6% 3,621 722,546 Almonds 53% 53/47

Tulare 10% 4,187 1,250,121 Forage (hay) 45% 50/50

Butte 1% 1,912 348,300 Rice 55% 97/3

Colusa 1% 751 456,873 Rice 51% 98/2

Glenn 1% 1,173 486,734 Rice 52% 83/17

Sacramento 1% 1,161 260,212 Grapes 39% 70/30

Solano 1% 849 342,593 Forage 32% 84/16

Sutter 1% 1,157 380,972 Rice 52% 99/1

Tehama Less than 1% 1,479 613,651 Walnuts 12% 74/26

Yolo 1% 949 459,662 Forage (hay) 51% 97/3

Yuba Less than 1% 764 179,525 Rice 40% 89/11



Desert Imperial 4% 396 521,729 Forage (hay) 87%

Riverside 2% 2,667 263,796 Forage (hay) 48% 68/34

San Bernardino 1% 1,062 68,228 Forage (hay) 33% 25/75

South 
Coast/

Southern
California

 

Los Angeles Less than 1% 1,035 57,809 Forage 24% 87/13

Orange Less than 1% 193 32,401 Vegetables 13% 99/1

San Diego 2% 5,082 222,094 Avocados 19% 94/6

Santa Barbara 3% 1,467 715,067 Vegetables 17% 98/2

Ventura 4% 2,135 260,102 Vegetables 38% 99/1

Central 
Coast

Alameda Less than 1% 446 183,282 Forage (hay) 4% 77/23

Contra Costa Less than 1% 459 155,572 Grain corn 15% 77/23

Monterey 9% 1,104 1,340,142 Vegetables 22% 99/1

San Benito Less than 1% 610 520,127 Vegetables 3% 80/20

San Francisco Less than 1% 10 90 Grapes Not  
reported* Not reported

San Luis 
Obispo 2% 2,349 931,291 Grapes 8% 95/5

San Mateo Less than 1% 241 45,972 Vegetables 7% 98/2

Santa Clara 1% 890 288,084 Vegetables 7% 95/5

Santa Cruz 1% 625 63,900 Vegetables 32% 99/1

North Coast 
& Mountain

Del Norte Less than 1% 90 19,770 Forages (hay) 46% 26/74

Humboldt 1% 849 621,043 Forage (hay) 3% Not reported

Lake Less than 1% 636 138,430 Grapes 10% 97/3

Marin Less than 1% 343 140,075 Forage (hay) 4% 12/88

Mendocino Less than 1% 1,128 781,737 Grapes 4% 87/13

Napa 1% 1,866 255,778 Grapes 24% 98/2

Sonoma 2% 3,594 567,284 Grapes 15% 67/33

Alpine Less than 1% 6 3173 Apples Not  
reported* Not reported

Amador Less than 1% 482 181,492 Grapes 6% 75/25

Calaveras Less than 1% 699 239,594 Grapes 2% 35/65

El Dorado Less than 1% 1,390 91,006 Grapes 6% 87/13

Inyo Less than 1% 85 286,859 Forage (hay) 6% 14/86

Lassen Less than 1% 377 474,413 Forage (hay) 11% 45/55

Mariposa Less than 1% 299 301,362 Forage (hay) 1% 8/92

Modoc Less than 1% 423 571,191 Forage (hay) 25% 70/30

Mono Less than 1% 65 73,031 Forage (hay) 57% 66/34

Nevada Less than 1% 673 52,061 Christmas trees 10% 55/45

Placer Less than 1% 1,237 118,537 Rice 17% 68/32

Plumas Less than 1% 162 190,922 Forage (hay) 10% 35/65

Shasta Less than 1% 1,337 409,975 Forage (hay) 12% 35/65

Sierra Less than 1% 38 57,041 Forage (hay) 18% 17/83

Siskiyou Less than 1% 745 689,313 Forage (hay) 17% 81/19

Trinity Less than 1% 185 65,800 Forage (hay) Not  
reported Not reported

Tuolumne Less than 1% 417 122,539 Forage (hay) 2% 3/97

 
*	Not	reported	due	to	small	number	of	producers	and	ability	to	identify	specific	producers

SOURCE: USDA, Census of Agriculture 2017. 
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https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/County_Profiles/California/
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B. California Farms and Farmers

In 2020, California had 69,600 farms, giving it a ranking of the eighth largest number of farms  

in the U.S.22 More than half of these farms were between 1 and 49 acres in size.23 Most of these 

farms are family-owned (52,930), although the number of corporation-owned farms has been 

steadily growing in California from 5,367 corporate farms in 1987 to 7,271 farms in 2017.24 Almost  

a thousand corporate farms were added between 2012 and 2017.25 A sizable number of farm 

families receive more than half of their income from non-farm income.26 

Through voluntary survey tools, the USDA asks farmers to identify as principal producers or 

non-principal producers on each farm. Not every farmer responds to the census. To complete 

the census, each farm has to identify at least one principal producer, but can identify up to four 

principal producers on one farm.27 Each farm is also requested to designate only one primary 

producer who acts as the single individual responsible for making most of the decisions on the 

farm. A primary producer will also be a principal producer for purposes of the census. The 2017 

Census of Agriculture for California identified 66,781 male principal producers. Half of these 

producers’ primary occupation was farming. Of these principal producers working on one of the 

70,521 farms who responded in 2017, 50,513 men identified as the primary producer for the farm 

indicating that a large number of farms responding to the survey do not appear to have multi-

ple decision makers.28 

Nearly 49,000 of the responding men had 10 years or more experience on their present farm 

and 47,605 of these principal producers were over the age of 55. Fewer than a third of the re- 

spondents—19,895—were between the ages of 25 and 55. The average age for principal produc-

ers was 60. Of the 66,781 male principal producers, only 21 percent—14,073—identified as black, 

indigenous, or people of color (BIPOC). Of the 59,772 farms where any principal producer was a 

 

22  USDA Economic Research Service, Charts and Maps About your States. (The state with the largest number  
of farms is Texas with 247,000 farms, followed by Missouri with 95,000 farms and Iowa with 85,000 farms.)  

23  USDA 2017 Census of Agriculture, supra note 3. 

24  Id.  

25   Id.  

26  Warren Johnston and Harold Carter, “Policy Issues” in A Guidebook to California Agriculture (Ann Foley- 
Scheuring, Ed.) (University of California Press, 1983): 383. 

27   The term “principal producer” was intended to be more inclusive to make data collection more accurate 
because many farms have multiple individuals making decisions for the farm.  

28  For purposes of the census, each farm can have only one “primary producer” who is the person who  
makes the most decisions for the farm. 

https://www.ers.usda.gov/data-products/farm-income-and-wealth-statistics/charts-and-maps-about-your-state/
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California Producer CharacteristicsTable 2   

male, 45,837 were fully owned and 8,024 were partly owned. Of the farms with male principal 

producers, 23,551 earned $50,000 or more.29 

 
 

 
 
Male Characteristics                All Producers    Principal Producers

 
Female Characteristics                All Producers    Principal Producers

In response to the 2017 USDA Census, 32,155 principal producers identified as female. While 

50,513 men identified themselves as a primary producer on a farm, 20,008 women identified 

themselves as primary producers and only 13,346 identified farming as their primary occupation. 

Just like the men, 22,182 of these women had 10 years or more of experience on the present 

farm. Of these groups, 22,476 were over the age of 55 while 9,567 of the principal producers were 

between the age of 25 and 55. The average age for women principal producers was also 60. Of  

 

29  2017 Census of Agriculture, Table 55, Male Producers- Selected Farm Characteristics and Table 56- Male Pro-
ducers- Selected Producer Characteristics.

SOURCE: U.S. Department of Agriculture, 2017 Census of Agriculture, Table 55 and Table 57.
 

https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/California/
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/California/
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the 32,155 female principal producers, 5,615 identify as BIPOC (17%), including Hispanic and 

Latino producers. Of the farms where women work as principal producers, 25,501 were fully 

owned and 2,974 were partly owned. Of the farms with female principal producers, 8,252 earned 

$50,000 or more.30 In general, across the U.S., women-run farms operate on smaller acreage and 

earn 40 percent less income than farms operated by men.31 

 

30  2017 Census of Agriculture, Table 57, Female Producers-Selected Farm Characteristics and Table 58,  
Female Producers-Selected Producer Characteristics. 

31  Anders Fremstad and Mark Paul (2020) Opening the Farm Gate to Women? The Gender Gap in U.S.  
Agriculture, Journal of Economic Issues, 54:1, 124-141, DOI: 10.1080/00213624.2020.1720569.

California’s Racial Demographics Across State Population,  
Farm Operators, Farmland Owners, and Farm Labor

 Figure 4  

SOURCE: Growing Inclusion at the California Depart-
ment of Food and Agriculture: Implementation of the 
Farmer Equity Act of 2017; Beth Spitler, Goldman School  
of Public Policy, University of California, Berkeley.

DATA SOURCE: 2012 Census of  
Agriculture, California Budget 2015-16  
Demographic Information, 2015  
National Agricultural Workers Survey.

State Population, 2015
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https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/California/
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/California/
https://static1.squarespace.com/static/5b1190f5f407b433380396d3/t/5be1e3d088251be36bf3a2fe/1541530577251/Farmer+Equity+Act+Implement+Report+v8.pdf
https://static1.squarespace.com/static/5b1190f5f407b433380396d3/t/5be1e3d088251be36bf3a2fe/1541530577251/Farmer+Equity+Act+Implement+Report+v8.pdf
https://static1.squarespace.com/static/5b1190f5f407b433380396d3/t/5be1e3d088251be36bf3a2fe/1541530577251/Farmer+Equity+Act+Implement+Report+v8.pdf
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Out of 113,717 farmers who identify as white-only, 54,718 considered their primary occupation as 

farming (48%). Out of 37,106 who identify as Hispanic, Latino, and/or BIPOC, 16,875 considered 

their primary occupation as farming (45%). While there are large numbers of white farmers, an 

equivalent proportion of farms with higher earnings have diverse principal producers. The 

agricultural census highlighted that California has more farmers of Asian descent than any 

other state. Moreover, Of the 65,218 farms including at least one person who identified as a 

white-only principal producer, 23,206 of these farms reported $50,000 or more of market value  

of agricultural products and Federal farm program payments.

California has a number of socially disadvantaged producers.32 The 2017 Census identified 23,592 

disadvantaged farmers and ranchers primarily in San Diego, Fresno, Tulare, Stanislaus, and 

Riverside counties. Many of these farmers do not have secure leases on the land that they are 

farming and without a secure lease this can impact producers’ ability to obtain grants for con-

servation practices. These numbers did not include farmers working in non-profit urban or 

peri-urban agriculture.   

er Equity Report 2020. 

32  The term “socially disadvantaged producer” comes from California’s Farmer Equity Act (AB 1348) which was 
enacted in 2017. This term is understood by the California Department of Food and Agriculture to refer to a “so-
cially disadvantaged farmer or rancher… who is a member of a socially disadvantaged group.” AB 1348 defines  
a “socially disadvantaged group”  as “a group whose members have been subjected to racial, ethnic, or gender
discrimination. These groups include the following: African Americans, American Indians, Alaskan Natives, 
Hispanics, Asian Americans, Native Hawaiians and Pacif ic Islanders.” California Department of Food and  
Agriculture, 2020 Report to the California Legislature on the Farmer Equity Act, p. 5. 

Demographics of Socially 
Disadvantaged California 
Producers 

 Figure 5 

SOURCE: California Department of 
Food and Agriculture, Farmer Equity 
Report 2020. 

https://www.cdfa.ca.gov/farmerresources/pdfs/2020FarmerEquityReport.pdf
https://www.cdfa.ca.gov/farmerresources/pdfs/2020FarmerEquityReport.pdf
https://www.cdfa.ca.gov/farmerresources/pdfs/2020FarmerEquityReport.pdf
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Young producers (age 35 and under) are principal producers on 4,505 farms. Most of these 

farms with young producers have under 49 acres. Of the 5,403 young principal producers, 3,740 

are male, 1,663 are female, 4,904 are white, 887 are Latino or Hispanic, 67 are Native American, 

325 are Asian, four are Black, 10 are Native Hawaiian or other Pacific Islanders, and 93 identify 

with more than one race. 

We present extensive details related to farmworkers in the later discussion on Labor in this report. 

Farming is relatively lucrative in California when compared to all other states. Almost one-third 

(29%) of California’s farms generate commodity sales over $100,000.33 In 2020, the net farm 

income for California’s farms was $14,135,413,000.34 This net farm income steadily increased from 

2008 ($9,432,469,000) to 2014 ($18,474,620,000). Since 2014, the net farm income has not  

returned to this high (e.g., income in 2019 was $11,574,420,000. California had the highest cash 

receipts in 2020 of any state ($49,097,413,000).

The cost of land has impacted the average farm size in California. The average sized California 

farm is 348 acres, which is below the national average of 444 acres.35 Land is, however, very 

expensive in California and the average acre costs $13,860 in 2021 as compared to a national 

average of $4,420.36 In California, this acreage cost increased 7.4 percent from 2020. The average  

for cropland in Oregon and Washington in 2021 was $3,310 and $2,700 per acre. Pastureland 

prices have also increased in California for an average of $3,100 per acre in 2021, reflecting an 

increase of 3.3 percent over 2020 prices.37 In contrast, the average price for pasturelands in 

Oregon and Washington are $830 and $780 per acre, respectively. Irrigated cropland averages 

around $16,300 and non-irrigated land averages around $5,900.38 California has the highest 

value of farm buildings in the nation with an average of $243,000 in 2021. Production expenses 

are also expensive, with California spending $41,500,870,000 in 2020. Besides miscellaneous 

expenses, the three largest expenses were labor (contract and hired) costing almost one-third  

of expenses ($12,489,661,000), feeds ($4,280,000,000), and pesticides ($2,370,000,000).39

33  California Agricultural Statistics Review 2019-2020, p. 2.  

34  USDA Economic Research Service, Charts and Maps About your States.  
(After California, Texas generates $5,591,287,000 and Nebraska generates $5,314,977,000.)

35  Id. At p. 3.  

36  USDA Land Values 2021 Summary (August 2021).  

37  Id.  

38  Id. p. 11 

39  USDA Economic Research Service, Charts and Maps About your States. 

https://www.cdfa.ca.gov/Statistics/PDFs/2020_Ag_Stats_Review.pdf
https://www.ers.usda.gov/data-products/farm-income-and-wealth-statistics/charts-and-maps-about-your-state/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/land0821.pdf
https://www.ers.usda.gov/data-products/farm-income-and-wealth-statistics/charts-and-maps-about-your-state/
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In general, California farmers receive less in federal subsidies than midwestern states in spite  

of having a large amount of agribusiness. This has been attributed to federal subsidies going 

primarily to large landowners growing fewer perishable crops, like wheat and beans, rather than  

to the smaller fruit, nut, and vegetable growers who make up a large percentage of California 

growers. In 2019, California farms received $419,930,000 in federal government payments, com-

pared to Iowa who received $2,065,767,000, Texas who received $1,788,345,000, and Illinois who 

received $1,737,829,000.40 Most of the perishable crops grown in California do not qualify for 

program subsidies under the federal farm bill, which are generally only available for corn, soy-

beans, wheat, cotton, and rice production based on acreage or when market prices drop.41 In 

2020, California received almost six times as much in federal aid as it did in 2019 with a payment 

of $3,354,461,000 with this increased funding largely correlated with COVID-19 relief programs. 

C. Food Processing, Transport, and Consumer Sales 

California is the major food producer in the U.S. in terms of revenue, with 12 percent of the U.S.’ 

total agriculture sales coming from California. In contrast, other major farm states like Iowa, 

Nebraska, and Texas contribute 7, 6, and 6 percent of agriculture sales, respectively.42 

In general, California produces 74 percent of its sales from crops (primarily vegetables, fruits, 

and nuts) and 26 percent from animal products—primarily milk—but California also has the 3rd 

largest sales value for sheep and goats, 5th largest sales value for aquaculture, 7th largest sales 

values for poultry and eggs, and the 8th largest sales value for cattle and calves. 

40  Id.  

41   The federal Farm Bill is reauthorized every five years. The most recent re-enactment is the Agriculture  
Improvement Act of 2018, Public Law No: 115-334 (12/20/2018). 

42  2017 Census of Agriculture. 
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Product National Ranking Sales

 
Fruits, tree nuts, berries

 
#1

 
$19.7 billion

Vegetables and melons #1 $8.1 billion

Milk #1 $6.4 billion

Rice #2 $533 million

Cotton #3 $510 million

Sheep and Goat #3 $86 million

Aquaculture #5 $105 million

Poultry and eggs #7 $1.8 billion

Cattle and calves #8 $3.1 billion

Wheat #17 $96 million

Oilseeds, Dry Beans, Dry Peas #21 $1 billion

Corn #22 $255 million

 

California Food Processing and Transport 

Food and beverage processing is California’s third largest manufacturing sector after electronics 

and chemicals. California has more food manufacturing plants (3,421 establishments) than any 

other state.43 Dairy and wineries are the two leading food processing sectors, adding approxi-

mately $3.37 billion and $3.65 billion dollars respectively.44 California’s food processing industry 

directly contributes $25.2 billion to the state while employing 198,000 full and part-time workers 

who contribute to regional economies.45 Given some of the supply chain challenges of connect-

ing production with processing, California products are frequently vertically integrated across  

 

43  Richard Sexton et al. The Economic Impact of Food and Beverage Processing in California and  
Its Cities and Counties (January 2015).  

44  Id. at ii and iii. 

45  48 percent of the jobs in Colusa County are food processing jobs, while 20 percent of the jobs in Kings,  
Merced, and Stanislaus counties are food processing jobs. 

 California’s Rank in the U.S. for Agricultural Products by Sales  Table 3  

SOURCE: 2017 Census of Agriculture.

https://assets.noviams.com/novi-file-uploads/clfp/pdfs-and-documents/Impact/CLFP_FINAL_Report_1_29_15.pdf
https://assets.noviams.com/novi-file-uploads/clfp/pdfs-and-documents/Impact/CLFP_FINAL_Report_1_29_15.pdf
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the supply chain with common ownership across production, processing, and marketing. In  

these cases, products will be grown to meet the specific needs of the integrated processing and 

marketing arms of the business. This approach is different than in other food production areas 

where processors may have less control over safety and quality of food. While important in 

maintaining California’s reputation for quality products, this arrangement makes it difficult  

for new producers to enter the field who may not have access to certain parts of the market 

already dominated by vertically integrated businesses. 

In addition to dairy processing and winemaking, California’s top processing sectors are baking, 

fruit and vegetable canning/picking/drying, and soft drink and ice manufacturing. Despite 

California producing a sizable amount of cattle, animal processing has not been a leading 

industry for the state because most animal products leave the state for out-of-state, domestic 

feedlots and processing. 

California exports sizable quantities of food, particularly specialty crops. Most of this food for 

domestic consumption is transported by long-haul trucks to regional distribution centers across 

the United States.46 Agricultural products are the largest users of freight transportation in the 

U.S with about 4.5 billion tons of products moved annually.47 A relatively limited amount of fresh 

produce travels from California by rail, including carrots and oranges, which travel an average of 

2,410 and 2,466 miles, respectively.48  Most of the transfer of perishable produce from railcars to 

trucks occurred between 1960 and 1990 partially because of different rates of unionization 

among rail workers versus truckers. The nationwide trucking industry in 2022 faced a shortage  

of 80,000 truckers.49 Ongoing trucker shortages are likely to impact California’s food system 

both inside and outside of California. 

California Supermarkets and Grocery Stores

As of 2022, one industry analyst group calculated that there were 4,697 supermarkets and 

grocery stores in California.50 General merchandise stores (Wal-Mart, Target, and Costco) carry  

 

46  USDA, AMS. Fresh Fruit and Vegetable Shipments: By Commodities, States, and Months, FVAS—4 Calendar 
Year 2010. 

47  USDA, The Importance of Highways to U.S. Agriculture (December 2020).  

48  J. Sheeherman et al. Back on track? Reassessing rail transport for California’s perishable produce. (2018)  
California Agriculture, Vol. 72(4): 200-203. (Approximately 6.6 percent of California’s oranges from Fresno,  
Tulare, and Kern County traveled by rail to export markets.) 

49  Jennifer Hatcher, “New Year Brings Continued Supply Chain Challenges-and Opportunities,” California  
Grocer, Issue 1 (2022): 12. 

50  Supermarkets & Grocery Stores in California, Number of Businesses 2005-2025. 

https://www.ams.usda.gov/sites/default/files/media/Highway_Report_Executive_Summary.pdf
https://www.ibisworld.com/industry-statistics/number-of-businesses/supermarkets-grocery-stores-in-california-united-states
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the largest share of the California grocery market. Costco is California’s largest food retailer with 

13.3 percent of the state’s market share. Between 1990 and 2012, general merchandise employ-

ment grew from 41,000 to 113,100 employees in California.51 At the same time, employment in 

grocery stores—at 240,800 employees in 1990—grew 23 percent to 296,300 by 2012.52 By 2014 

researchers estimated that there were approximately 383,900 food retail workers across grocery 

stores and general merchandise stores.53

Over the last two years, some supermarkets have struggled with keeping essential workers safe 

and navigating global supply issues due to the COVID-19 pandemic. A recent study funded by 

the United Food and Commercial Workers International Union covered Southern California 

supermarket wages. It observed that supermarket workers who responded to the survey made 

an average of $29,655 in annual earnings.54 Of the respondents to the survey—which also includ-

ed Washington and Colorado—53 percent of the employees between ages 21 to 29 are unable to 

pay rent, and 14 percent of the employees were homeless or had been homeless during 2021.55 

Across the entire grocery industry, 29 percent of the labor force is living below or near the federal 

poverty level.56 In spite of these trends, the grocery industry is becoming more profitable with 

grocery sales in the U.S. at $649 billion in 2020.57 In California alone, revenues in 2017 were 

$85.42 billion with project growth in 2024 of $95.15 billion.58

However, access to these supermarkets and grocery stores by individual California residents  

is highly variable across the state. It has been hard to capture the extent of food insecurity in 

California. Rural areas tend to have fewer supermarkets due to market dynamics and also tend 

to have lower incomes than other parts of California, leading to numerous rural areas being 

designated as “food deserts”. For example, the Inland Empire in California, which includes  

Riverside and San Bernardino counties, has at least 200,000 out of around 4.5 million people 

 

51  Saru Jayaraman, UC Berkeley Labor Center, “Shelved: How Wages and Working Conditions for California’s 
Food Retail Workers have Declined as the Industry has Thrived” (June 1, 2014).  

52   Id.  

53   Id.  

54  Economic Roundtable, Daniel Flaming et al. Hungry at the Table: White Paper on Grocery Workers at the  
Kroger Company (January 11, 2022) (Research Funded by United Food and Commercial Workers Locals).  

55   Id.  

56   Id.  

57   Id.  

58  Industry Revenue of “Supermarkets and Other Grocery Store” in California from 2012 to 2024, Statista Re-
search Department (September 30, 2021) https://www.statista.com/forecasts/1204705/supermarkets-and-oth-
er-grocery-stores-revenue-in-california 

https://economicrt.org/publication/hungry-at-the-table/
https://economicrt.org/publication/hungry-at-the-table/
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who have experienced food insecurity.59 While low-income urban areas may have access to 

more food retailers than rural areas, residents in urban communities may still not be able to 

acquire good quality produce or other nutritious foods. In BIPOC communities throughout the 

state, de facto “food deserts” in places where there might still be a supermarket is understood 

as “food apartheid” because it exposes the root cause of race and poverty resulting in poor  

food security.60

California Farmers Markets

California hosts around 700 Certified Farmers’ Markets with “Certified Producers” throughout 

the state.61 These Farmers’ Markets are intermittent and usually hosted weekly, either through-

out the year in more temperate parts of the state or seasonally in other parts of the state. These 

markets are operated by local governments. According to regulations adopted by the California 

Department of Food and Agriculture, these markets require producers of fresh fruits, nuts, 

vegetables, eggs, honey, and flowers to certify that they have produced such commodities by 

the practice “of the agricultural arts upon land, which the producer farms, owns, rents, leases or  

59   Breanna Reeves, San Bernardino Residents’ Quest for Fresh, Healthy Food as Covid-19 Persists, The 
Groundtruth Project, (November 19, 2021) https://thegroundtruthproject.org/san-bernardino-residents- 
quest- 
for-fresh-healthy-food-as-covid-19-persists/ 

60  Id.  

61   California Department of Food and Agriculture, Farmers’ Markets. 

Food Deserts in California 

 Figure 6 

NOTE: The green areas on the map  
reflect	low-income	census	tracts	where	 
a large number of residents has low- 
access	to	food	defined	as	residing	more	
than	1	mile	(urban)	or	10	miles	(rural)	 
from the nearest supermarket.

SOURCE:  USDA Economic Research 
Service, Food Access Research Atlas. 

https://www.cdfa.ca.gov/is/docs/CurrentMrktsCounty.pdf
https://www.ers.usda.gov/data-products/food-access-research-atlas/go-to-the-atlas/
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sharecrops.”62 These markets are designed to allow farmers to connect directly to consumers.  

It is illegal for farmers to re-sell agricultural products not produced by the farmer at a Certified 

Farmers Market.  

Farmers markets are generally alternatives for wealthier California residents. For example, 

survey research in North Berkeley found that 78 percent of the purchasers in the market earned 

$100,000 or more, attracting more vendors including those from outside of the area. In contrast, 

the West Oakland market, which was held in a predominantly socio-economically vulnerable, 

African American neighborhood and designed to address local food security concerns, had 

declining numbers of vendors due to limited sales.63  

California Institutional Food Preparation and California Restaurant Employees

In 2021, California employed 1,238,050 people in “Food Preparation and Serving Related Occupa-

tions,” which includes cooks, bartenders, waiters, and waitresses.64 Within this employment 

sector in California, there were: 

• 19,760 chefs/head cooks earning an average annual mean wage of $60,670, 

• 123,640 fast food cooks earning an average annual mean wage of $31,930, 

• 19,560 institution and cafeteria cooks earning an average annual mean wage of $41,530, 

• 129,350 restaurant cooks earning an average annual mean wage of $37,980, 

• 360,980 fast food and counter workers earning an average annual mean wage of $32,460, and 

• 171,630 wait staff earning an average annual mean wage of $36,090.  

This is the highest number of employees in this sector anywhere in the U.S.  

Florida (95.17 per 1,000 jobs) and Texas (85.66 per 1,000 jobs) employ fewer food service workers 

but have a higher employment rate in this sector per thousand jobs compared to California 

(74.90 per thousand jobs). The Los Angeles/Long Beach/Anaheim Metropolitan Statistical Area  

is one of the nation’s areas with the highest employment rate for this sector with 448,780 food 

service workers (78.46 workers per thousand employed). Because California’s hourly mean wage  

is $17.10 for employees in this sector, these employees earn an annual mean wage of $35,570.  

62  California Farmers’ Markets Association Rules and Regulations for Certified Farmers’ Markets  

63  A. Alkon (2008) Paradise or pavement: the social constructions of the environment in two urban farmers’ 
markets and their implications for environmental justice and sustainability. Local Environ. 2008;13:271–289 

64  U.S. Bureau of Labor Statistics Occupational Employment and Wages, May 2021, 35-0000 Food Preparation 
and Serving Related Occupations. 

https://www.bls.gov/oes/current/oes350000.htm
https://www.bls.gov/oes/current/oes350000.htm
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Higher wages are paid in certain high cost of living markets, including San Jose/Sunnyvale/

Santa Clara ($19.54), San Francisco/Oakland/Hayward ($19.06), Napa ($18.45), and Santa  

Rosa ($17.91).

Employers in California, including restaurants with 26 or more employees, are required to pay 

employees $15 per hour beginning January 2022. Employers with 25 or fewer employees must 

pay $14 per hour until January 1, 2023, when wages will increase to $15 per hour.65 As with other 

low-income workers employed across California’s food system, low wages create conditions of 

precarity. In a recent study on community poverty, individuals with an income under $25,000 

were twice as likely to report grocery shortages with many of these individuals turning to 

friends and family who may also be in precarious economic situations for assistance.66  

D.  California’s Freshwater and Marine Fisheries Regions

The California Fish and Game Code permits all fish to be taken for commercial purposes unless 

there is an explicit restriction under state or federal law.67 California’s freshwater rivers and lakes 

contain both native f ish (e.g., salmon and smelt) and introduced f ish (e.g., shad, carp, and 

striped bass). Many of the introduced fish, including carp and shad, were originally introduced 

for the purposes of feeding early settlers following the Gold Rush. The introduction of both shad 

and striped bass in the 1870s supported inland commercial fisheries. Stocking of at least 50 

species continues for recreational fisheries and to provide forage for other fish.68 

California asserts jurisdiction over all waters and submerged lands three nautical miles off 

coastal base points measured from the Oregon border to the Mexican border.69 The primary 

fishing areas include the North Coast, North Central Coast, Central Coast, Santa Barbara Chan-

nel, and the South Coast. 

The North Coast extends from the Oregon border to Point Arena in Mendocino County with 

eight fishing ports landing: sablefish, Dungeness crab, groundfish, pink shrimp, red sea, and 

65  California Senate Bill 3 incorporated in California Labor Code Section 1182.12.  

66  Tipping Point Community, University of California Berkeley, and Othering & Belonging Institute,  
Taking Count: A Study on Poverty in the Bay Area, (2020). 

67   California Fish and Game Code Section 8140. 

68   Fishbio, Fish for Food: A History of Non-Native Fish Stocking in California, (September 3, 2018).  

69  The final Submerged Lands Act boundary was finally concluded between California and the United States 
on December 15, 2014, after 70 years of litigation between the federal and state government arising from juris-
dictional disagreement. 

https://tippingpoint.org/wp-content/uploads/2020/07/Taking-Count-2020-A-Study-on-Poverty-in-the-Bay-Area.pdf
https://fishbio.com/fish-food-history-non-native-fish-stocking-california/


34 AGRICULTURE AND FOOD SYSTEMS IN CALIFORNIA

salmon.70 North Central Coast extends from Point Arena to Half Moon Bay in San Mateo County 

and includes 11 ports landing: halibut, Dungeness crab, herring, squid, salmon, and swordfish.71 

The Central Coast extends from Half Moon Bay to Avila Bay in San Luis Obispo and includes five 

ports landing: sablefish, Dungeness crab, groundfish, squid, and salmon. The most famous of 

these ports were Monterey and Moss Landing, where 39 canneries operated until the collapse  

of the sardine population after World War II due to overfishing with the last canneries closing in 

1957.72 Santa Barbara Channel extends from Point Conception in Santa Barbara to Point Dume 

in Ventura and includes four Northern Channel Islands. There are four ports landing: squid, 

urchin, rock crab, spiny lobster, and spot prawns.73 

The South Coast was historically the “tuna capital of the world” with numerous tuna-processing 

canneries that moved overseas to U.S. territories and other countries in the 1980s. This region 

stretches from Point Dume to the Mexican border and includes 11 ports with a variety of land-

ings, including: anchovies, mackerel, sardines, squid, highly migratory species (shark, swordfish, 

tuna), urchins, spiny lobsters, and spot prawns.74 However, fisheries are a shadow of what they 

used to be in this region. The South Coast region went from landing 149 million pounds of fish 

in 1981 to 6 million in 1985 and then to only 2.6 million pounds in 2018.

The fisheries sector is relatively small. In 2016, the fishing sector, including commercial fishing, 

aquaculture, and seafood processing, employed around 8,500 individuals, and contributed over 

$1 billion to the state in value.75 In 2020, potentially in response to the COVID-19 pandemic, 

marine commercial fishing license and vessel registration rates declined. Both 2020 and 2021 

saw commercial licenses sold as relatively stagnant (6,607 in 2021 vs. 6,318 in 2020). There was an 

increase in “Fisherman’s Retail” licenses being issued to sell directly to consumers suggesting 

that California fishers derive greater value in direct sales than in selling through wholesalers. 

 

 

70   (1) Crescent City, (2) Trinidad, (3) Eureka, (4) Fields Landing, (5) Shelter Cover, (6) Fort Bragg, (7) Albion, and 
(8) Point Arena. 

71   (1) Bodega Bay, (2) Bolinas, (3) Point Reyes, (4) Tomales Bay, (5) Sausalito, (6) San Francisco, (7) Alameda, (8) 
Berkeley, (9) Oakland, (10) Richmond, and (11) Half Moon Bay.

72  Other ports include (3) Santa Cruz, (4) Morro Bay, and (5) Avila (Port San Luis); E. Ueber and A. MacCall, (1990) 
The Collapse of California’s Sardine Fishery. 

73  (1) Santa Barbara, (2) Ventura, (3) Oxnard, (4) Port Hueneme.

74  (1) Santa Monica, (2) San Pedro, (3) Terminal Island, (4) Long Beach, (5) Huntington Harbor, (6) Newport 
Beach, (7) Dana Point, (8) Oceanside, (9) Mission Bay, (10) Point Loma, and (11) San Diego.

75   Brad Racino and Zoe Meters, “California’s Fishing Industry Another Victim of Coronavirus, including in  
San Diego” (March 25, 2020). 

https://swfsc-publications.fisheries.noaa.gov/publications/CR/1990/9067.PDF
https://inewsource.org/2020/03/25/california-commercial-fishing-industry-coronavirus/
https://inewsource.org/2020/03/25/california-commercial-fishing-industry-coronavirus/
https://inewsource.org/2020/03/25/california-commercial-fishing-industry-coronavirus/
https://inewsource.org/2020/03/25/california-commercial-fishing-industry-coronavirus/
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TAKEAWAYS: Across a geographically diverse state, California is responsible for producing a 

diverse set of food products, with the largest agricultural production values in the Central Valley. 

Farming is relatively lucrative in California for certain farmers, as California has the highest net 

farm income and cash receipts. Also, farming in California is significantly more expensive than  

in other states. To avoid supply chain gaps and to maintain control over product quality, California 

companies have relied heavily on vertical integration to include food processing. 

PART II.  

FOOD, BEVERAGE, AND  
CANNABIS PRODUCTION SECTORS

This section of the report provides more specific discussion of major production sectors within 

California using statistics from the United States Department of Agriculture and California 

Department of Food and Agriculture. 

Across the diverse agricultural production regions described above, California produces a cornu- 

copia of foods for regional, national, and international distribution. California is the nation’s 

largest agricultural exporting state having shipped $21.7 billion of typically high-value specialty 

products abroad in 2019.76 This was almost half of California’s $49 billion in agricultural earnings 

that year. California is the U.S.’ largest agricultural exporter with most of this earned from ex-

ports of nuts and some additional exports in strawberries, oranges, beef, rice, and dairy. 

76  California Department of Food and Agriculture, California Agricultural Statistics Review 2019-2020. 

https://www.cdfa.ca.gov/Statistics/PDFs/2020_Ag_Stats_Review.pdf
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Rank Export  
Destinations

Export Value  
(in millions)

Exports

1 European Union $3.568 Almonds, Pistachios, Walnuts

2 Canada $3.211 Wine, Almonds, Strawberries

3 China/Hong Kong $1.931 Pistachios, Almonds, Dairy 

4 Japan $1.595 Rice, Almonds, Beef

5 South Korea $1.057 Almonds, Oranges, Dairy

6 Mexico $1.019 Dairy, Table Grapes, Almonds

7 India $969 Almonds, Cotton, Pistachios

Source: California Department of Food and Agriculture, California Agricultural Statistics Re-
view 2019-2020. 

Exports are on average 44 percent of California’s agricultural production output.77 As Table 5 shows, 

California’s exports are far more than other top agricultural production states exporting food abroad. 

State Agricultural Production Agricultural Exports Export Share

California 49, 985,000 22,332,100 44.2%

Iowa 29,513,100 11,424,700 36.2%

Nebraska 23,287,200 7,141,300 28.5%

Minnesota 19,104,800 7,216,500 38%

Texas 22,740,600 5,814,000 27.1%

77  Colin Carter, International Trade and California Agriculture, UC Davis Giannini Foundation of Agricultural  
Economics, (2016). 

California’s Top Export Markets Table 4  

SOURCE: California Department of Food and Agriculture, California Agricultural Statistics Review 2019-2020. 

Comparison of Exports from Top Five Agricultural States in 2020 Table 5  

SOURCE: USDA Economic Research Service, State Agricultural Trade Data. 

https://s.giannini.ucop.edu/uploads/giannini_public/83/a0/83a0a220-ecb3-45ca-83e3-69fdd8443a43/international_trade__california_agriculture.pdf
https://www.ers.usda.gov/data-products/state-agricultural-trade-data/


A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    37

California’s major agricultural commodities in terms of value of production have changed  

over time.

2020 2010 2000 1990 1980 1970 1960 1950

Dairy 1 1 1 1 1 2 2 2

Almonds 2 3 10 10 7 * * *

Grapes 3 2 2 3 4 3 6 4

Pistachios 4 9 * * * * * *

Cattle 5 5 5 2 2 1 1 1

Lettuce 6 7 4 8 10 8 9 9

Strawberries 7 6 8 * * * * *

Tomatoes 8 8 * * * * * *

Nursery/floriculture 9 4 7 7 9 * * *

Walnuts 10 10 * * * * * *

 

Fruits

California leads the country in fresh fruit exports, with $2.58 billion in exports in 2020, followed  

by Washington with $779 million in exports, which is followed by Florida with $325 million. 

California also exports the most processed fruits, with $2.14 billion in 2020, followed by Washing-

ton and Florida once more.78 Wine and table grapes make up the largest portion of fruit exports; 

their export values were $1.25 billion and $743 million alone in 2019.79 In 2019, California’s fruit 

exports constituted 62 percent of the nation’s total fruit exports. 

78  Id.  

79  California Department of Food and Agriculture, California Agricultural Exports 2019-2020 (2020).

Yearly Ranking of California’s Top 10 Valued Commodities  
Compared to California’s Top 10 Agricultural Commodities in 2020 

 Table 6  

*Indicates that an agricultural commodity was not a top  
10 commodity for the year. Between 1950 and 2000, the  
top 10 commodities included cotton and hay. Between 1950 
and 1970, California was a top producer of chicken eggs. 

SOURCE: California Department of 
Food and Agriculture and USDA data. 

https://www.cdfa.ca.gov/Statistics/PDFs/2020_Exports_Publication.pdf
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California has a temperate climate that is well-suited for orchard and vineyard production. 

Grapes, strawberries, and oranges are California’s 4th, 8th, and 13th most financially valuable crops. 

California produces most of the United States’ grapes (93.7% of U.S. receipt), strawberries (89.2% 

of U.S. receipt), lemons (92.5% of U.S. receipt), avocados (96.5% of U.S. receipt), raspberries (86.6% 

of U.S. receipt), plums and kiwis (100% of U.S. receipt).80 Additionally, California produces approxi-

mately 59 percent of the nation’s peach production.81 

U.S. strawberry production grew over 16 percent in a decade to a production of about 2 billion 

pounds of crop. In California, strawberry production has moved from Southern California to 

Central California or Mexico, where land and labor is less expensive. Imports from Mexico have 

been growing faster than domestic production with imports accounting for about 20 percent of 

the overall market; these imports are competing particularly with Southern California production.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

80  USDA Economic Research Service, “State Agricultural Trade Data.” 

81   Id. 

Comparison of Fresh Strawberry Shipment from Central California, 
Southern California, Florida, and Mexico in 2008-2010 to 2018-2020 

 Figure 7  

SOURCE: Kramer,	Jaclyn,	Skyler	Simnitt,	and	Linda	Calvin	(2021),	Fruit and Tree Nuts Outlook: September 
2021,	(p.	28)	FTS-373,	U.S.	Department	of	Agriculture,	Economic	Research	Service,	September	29,	2021.

https://www.ers.usda.gov/data-products/state-agricultural-trade-data/
https://www.ers.usda.gov/webdocs/outlooks/102267/fts-373.pdf?v=1443.3
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With this new source of competition, California may lose sales of its California-produced  

strawberries particularly if quality is comparable and prices are cheaper.   

Drought is the major production issue for fruit producers in California, due to impacted yields.  

The Fruit and Tree Nuts Outlook from September 2021 observed that heat has had different 

impacts depending on the location of vines or trees. California had a smaller crop of orange and 

lemon citrus fruits than in former years, but a larger crop in 2021 of tangerines and mandarins 

due to these changes in heat.82 In the Coachella Valley in Southern California, shipments of table 

grapes were 17 percent lower in 2021 than in 2020 because of heat. However, table grapes from 

Central California were 9 percent higher in 2021 than in 2020, suggesting that certain regions 

may be limited in their ability to continue producing table grapes due to increasing temperatures.83 

California competes directly with Mexico for the market in avocado sales. California avocado 

production has declined over the past decade by approximately 9 percent because of wildfire 

and water reductions. On the other hand, Mexico’s avocado exports to the U.S. have increased 

by 260 percent over the past decade with all this new production in Michoacan due to phy-

tosanitary concerns. California-grown avocados, which come onto the market during the sum-

mer, now also compete with Peruvian exports. California avocado growers have been able to 

weather the increase in supply by working to expand consumer interest in avocado consumption.

At least some of the firms exporting avocados from Peru, Mexico, and other states are U.S.-

owned firms. The largest impact of these exports, observed by the USDA, are on smaller firms 

who, “may not have the resources to organize international operations, leaving them more 

vulnerable to potential import competition.”84

Citrus continues to be a valuable product in California. In 2021, oranges were harvested on 

approximately 142,000 acres valued at $901 million; tangerines were harvested from 67,000 

acres valued at $815 million; lemons were harvested from 50,000 acres valued at $631 million; 

and grapefruit were harvested from 8,700 acres for a value of $101 million.85 

82  USDA Economic Research Service “Fruits and Tree Nuts Outlook” (September 2021) at p. 15. 

83  Id. at 7. 

84  Id. at 26.  

85  2021 State Agriculture Overview-California. 

https://www.ers.usda.gov/webdocs/outlooks/102267/fts-373.pdf?v=1443.3
https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=CALIFORNIA
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While acres in production for non-citrus fruit declined from 2012 to 2017,86 citrus fruit acreage 

has increased (from 293, 387 acres to 312,162 acres) although the number of farms producing 

citrus has decreased (from 7,283 to 6581).87

Vegetables 

California offers a “salad bowl of production.” In 2021, California produced across approximately 

190,000 acres of romaine, leaf, and head lettuce worth $2 billion. In addition, carrots worth $654 

million were harvested from 61,400 acres; broccoli worth $631 million was harvested from  

 

86  The USDA Census of Agriculture is taken every five years.  

87  USDA 2017 Census of Agriculture, State Data, Table 37, Specified Fruits and Nuts by Acres. 

Comparison of Fresh Avocado Shipments from  
California, Mexico, and Peru in 2008-2010 to 2018-2020 

 Figure 8 

SOURCE: Kramer,	Jaclyn,	Skyler	Simnitt,	and	Linda	Calvin	(2021), Fruit and Tree Nuts Outlook: September 
2021,	(p.	35)	FTS-373,	U.S.	Department	of	Agriculture,	Economic	Research	Service,	September	29,	2021.

https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/California/st06_1_0037_0037.pdf
https://www.ers.usda.gov/webdocs/outlooks/102267/fts-373.pdf?v=1443.3
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94,500 acres; celery worth $374 million was harvested from 28,000 acres; and spinach worth 

$358 million was harvested from 39,800 acres.88 

California is an essential player in national vegetable production. In the U.S., California commer-

cial growers produced 79 percent of the U.S. conventional and organic fresh-market carrots with 

most of this production concentrated on a few large farms in the state.89 Moreover, California is 

the world leader in tomatoes grown for processing and produces 95 percent of the U.S. volume.

9

88  Id.  

89  Wilma Davis and Gary Lucier, Vegetables and Pulses Outlook: November 2021, USDA Economic Research 
Service (19 November 2021): p. 8.

California Processing Tomato Planted Area  
and Field Prices, 2000-2021 

 Figure 9 

NOTE: Ton is a 2,000 pound short ton. 
Data for 2021 are projected.

SOURCE:  Davis, Wilma and Gary Lucier, Vegetables and Pulses 
Outlook: April 2021, (p.	26-Figure	5)	VGS-366,	U.S.	Department	of	
Agriculture, Economic Research Service, April 16, 2021.

https://www.ers.usda.gov/webdocs/outlooks/100969/vgs-366.pdf?v=7826.6
https://www.ers.usda.gov/webdocs/outlooks/100969/vgs-366.pdf?v=7826.6
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California also leads the vegetable industry exports in the nation, exporting $1.13 billion of fresh 

vegetables and $1.87 billion in processed vegetables in 2020, followed by Washington who 

exported only $189 million in fresh vegetables and $313 million in processed vegetables in the 

same year.90 In 2019, California’s vegetable exports were 56.3 percent of the nation’s total  

vegetable exports.91 

Even as an export leader, California has had to rely on imports of certain vegetables, particularly 

tomatoes. In 2021, all of the major fresh vegetable import shipments had increased from 2020.92  

In 2021, extreme heat led to shortages of irrigation water which impacted vegetable production, 

resulting in lowered production of certain crops, such as processing tomatoes, even while 

international and domestic demand remained high.93 Over the last three tomato growing 

seasons, California’s tomato crop has declined due to a combination of drought, excessive heat, 

wildfire smoke, and pests.94 Due in part to California’s drought, prices for processed tomato 

products, including sauces, soups, and ketchup, all increased.95 The USDA “Vegetables and 

Pulses Outlook” for November 2021 anticipated that California’s limiting factor on tomato pro-

duction will be the quantity of available surface irrigation water and the costs of groundwater.96 

Water availability, energy expenses, and labor rates will all continue to be ongoing challenges 

for California’s vegetable industries. 

Nuts

California produces a variety of nuts. In 2020, almonds and pistachios were the second and fifth 

most valuable commodities for the state. California contains all of the commercial production of 

almonds and pistachios for the U.S. As the U.S. is the world’s leading producer of almonds, with  

a record production of 3.1 billion pounds worth $5.6 billion in 2020, California is the entire con-

tributor to this valuable industry for the nation.97

90  USDA Economic Research Service, “State Agricultural Trade Data.” 

91   California Agricultural Exports 2019-2020. 

92   Vegetables and Pulses Outlook, supra note 89. 

93   The U.S. is a global leader in processed tomato exports. Id. at 21.  

94   Id. at 17.  

95   Id. at 2.

96   Id. at 18. 

97  USDA “Fruits and Tree Nuts Outlook” supra note 86 at 22.

https://www.ers.usda.gov/data-products/state-agricultural-trade-data/
https://www.cdfa.ca.gov/Statistics/PDFs/2020_Exports_Publication.pdf
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California leads the nation in tree nut production (e.g., almonds, pistachios), exporting $7.75 

billion in 2020, with the second largest exporter in the nation being Georgia with $192 million  

in exports.98 This puts California as the largest source of tree nuts in the nation, making up 

almost 100 percent of the nation’s entire tree nut exports, with most exports going to China  

and the European Union.99

According to the USDA Census of Agriculture and National Agricultural Statistics, California’s 

acreage dedicated to nut production has continued to increase particularly for almonds,  

pistachios, and walnuts since 2012. 

 
 
 

Nuts Acres in 2012 Acres in 2017 Acres in 2020

Almonds 935,804 1,265,815 1,600,000

Pistachios 228,248 334,949 371,386

Total 1,164,052 1,594,764 1,971,386

 

 

In 2020, California had approximately 1.25 million acres of nut trees with some planned expan- 

sion expected to meet global demand. Growth in nut production has continued with more 

acreage expanding into nut farming, better irrigation, and more mechanical harvesting (tree 

shakers). At least some of this acreage is a result of producers switching from other crops to 

nuts as high-value crops. Five counties in California—Fresno, Kern, Stanislaus, Merced, and 

Madera—contain 73 percent of the almond tree acreage. 

98   USDA Economic Research Service, “State Agricultural Trade Data.” 
 
99   California Agricultural Exports 2019-2020.

California Nut Production Increases from 2012-2020 Table 7 

SOURCE: Data from Census of Agriculture 2017, Specified	Fruits	and	Nuts	by	Acres: 2017 and 2012; 2020  
California Almond Acreage Report; and 2020 Pistachio Bearing Acreage, Production and Yield per Acre.

https://www.ers.usda.gov/data-products/state-agricultural-trade-data/
https://www.cdfa.ca.gov/Statistics/PDFs/2020_Exports_Publication.pdf
https://www.almonds.com/sites/default/files/2021-04/2020%20Acreage%20Report.pdf
https://acpistachios.org/wp-content/uploads/2021/01/2020-Pistachio-Statistics.pdf
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Despite Their Economic Value to the State, Almonds  
Continue to be the Most Water-Intensive Crop in California

 Figure 10  

NOTE: The	Value	Rank	(vertical	axis)	shows	lower	
rankings	(closer	to	the	horizontal	axis)	as	having	the	
highest economic value for the state. Therefore, Cali-
fornia’s highest economic value crops shown above 
are almonds, blueberries, raspberries, and pistachios. 
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SOURCES: Julian Fulton, Michael Norton, and Fraser 
Shilling	(2019)	Water-Indexed	Benefits	and	Impacts	
of California Almonds, Ecological Indicators, Vol. 96: 
711-717.

https://www.sciencedirect.com/science/article/pii/S1470160X17308592
https://www.sciencedirect.com/science/article/pii/S1470160X17308592
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The immediate challenge for the nut industry is finding reliable water sources. As Figure 10 

shows, while nuts are an extremely high-value crop as compared to other products, nut produc-

tion is water intensive, requiring between 3.5 and 4.5 million acre-feet (MAF) of water per year 

which is significantly more than other crops (fresh tomatoes 0.1 MAF, grapes 1.6 MAF, and other 

field crops 1.7 MAF).100 In 2010, nut growers used the second most water in the state after alfalfa 

growers.101 However, the nut industry continues to focus on improving irrigation using 33  

percent less water than 20 years ago.102 Regardless, the ability to continue sourcing water to 

maintain nut production in California is unclear. 

An additional challenge for the almond industry is a lack of reliable pollinators. Nut crops  

depend on pollination, but habitats in the region where nuts are produced in California lack 

sufficient flowering plants to support healthy pollinator populations. With only half a million 

beehives in California and a preference for two hives to pollinate one acre, California relied on 

importing 2.1 million beehives to pollinate almond trees in 2021.103

Dairy 

Nationally, California ranks first for dairy products exported. In 2020 the total gross amount  

for exports was $1.2 billion, followed by Wisconsin exporting $915.8 million worth of products, 

and Idaho exporting $473.7 million.104 The largest demand internationally for California’s dairy  

products comes from Mexico, the Philippines, China, South Korea, and Canada.105 Moreover,  

California produces 18 percent of the nation’s dairy in terms of quantity. California surpassed 

Wisconsin in milk production in 1993 and has maintained the number one rank since then. 

Delicate relationships have historically existed between producers and buyers. Producers used  

to be paid based on how much milk was used by a buyer. To avoid buyers having too much 

leverage, in the 1960s, California passed a California Marketing Order requiring minimum prices  

 

100   Heather Cooley, Pacific Institute, California Agricultural Water Use: Key Background Information, (2015). 
(More water intensive crops in California include rice, alfalfa, and forage.); J. Medellin-Azuara, J. Lund, and R. 
Howitt, University of California-Davis, “Jobs per Drop Irrigating California Crops,” (April 28, 2015).  

101   Id.  

102  Almond Board of California, About Almonds and Water (2015).  

103   Ed Boling (2022), 2M Beehives Imported to California for Almond Bloom, The Packer.  

104  USDA Economic Research Service, “State Agricultural Trade Data.” 

105   California Agricultural Exports 2019-2020. 
 

https://pacinst.org/wp-content/uploads/2015/04/CA-Ag-Water-Use.pdf
http://californiawaterblog.com/
https://www.almonds.com/sites/default/files/content/attachments/about_almonds_and_water_-_july_2015.pdf
https://www.thepacker.com/news/industry/2m-beehives-imported-california-almond-bloom
https://www.ers.usda.gov/data-products/state-agricultural-trade-data/
https://www.cdfa.ca.gov/Statistics/PDFs/2020_Exports_Publication.pdf
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for all Grade A milk and pooling income from fluid milk and some soft dairy products. Unhappy 

with the difference between state and federal minimum prices set for certain classes of milk 

that did not reflect rising costs of feed and other market factors, independent California dairy 

producers and cooperative dairy members now have pooled their milk under the California 

Federal Milk Marketing Order for pricing. 

The dairy industry has been divided over the continuation of a state-based quota system which 

has historically incentivized more milk production. When California transitioned from pre-1960 

contracts between producers and buyers to minimum pricing under the California Marketing 

Order, dairy producers supported the transition in exchange for receiving milk quota providing 

higher prices for milk deliveries for quota holders. The quota program continued under the 

Federal Milk Marketing Order. However, California’s largest dairy co-ops recently moved to 

eliminate the quota system arguing that it gave an unfair pricing advantage for some dairies by 

redistributing a Quota Implementation Dairy (QIP) Tax levied on all producers of Grade A milk 

among a select group of quota holders. A referendum held in July 2021 among eligible milk 

producers to sunset the quota implementation program failed to gain sufficient votes. There-

fore, quotas continue in California. 

Additional statewide issues for the dairy industry include manure management. As discussed  

in the Part VII section below on future developments, several of California’s larger dairies have 

adopted or are in the process of building anaerobic digester technology to manage on-dairy 

methane and offset greenhouse gas impacts from dairy operations.

Livestock and Poultry

California produces beef, pork, lamb/mutton, and chicken as well as rendering fat and meat 

scraps. Cattle production has been a significant sector of California’s economy since the colonial 

Spanish government brought cows into California. Today, cattle are one of California’s top 10 

valued commodities with a value of $2.74 billion supporting over 10,000 ranches raising beef. 

Beef cattle are a particularly important food product for certain California counties with, for 

example, Tulare County responsible for 17.9 percent of the total value of cattle for California.  

Major contemporary issues for California’s cattle industry include protecting ranch lands from 

fire and protecting market share from vegetable-based protein products that consumers eat as  

a substitute for beef. The National Cattlemen’s Association has lobbied in the U.S. Congress for 

laws to change labeling practices for vegetable-based protein products. Through the California 

Cattlemen’s Association, the California cattle industry has continued to defend its ability to 

obtain federal grazing permits and has also opposed certain federal and state environmental 
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regulations that impact the industry including assertions of federal jurisdiction under the Clean 

Water Act over particular “waters of the United States.” Even though there are proponents of 

using cattle to manage wildfire fuels, cattle grazing on public lands continues to be a commu- 

nity flash point issue as mismanaged cattle over graze meadows and damage riparian areas.  

The poultry industry in California produces primarily chicken and turkeys. Through its trade 

association, the California Poultry Federation, the poultry industry advocates on several issues 

including: reducing the amount of corn that can be used for biofuel rather than animal feed, 

the need for immigration reform for cheap farm labor, and the need to increase the number of 

rendering plants to meet increasing consumer demands. The industry is also part of the Truth-

ful Labeling Coalition that would prevent poultry producers from using a “100% Natural” label 

on products that may contain up to 15 percent saltwater.

The pork and lamb/mutton industries are relatively small in California compared to other live-

stock production. One increasing concern for small meat producers is the need for access to 

slaughter and processing facilities. With the loss of many federally-inspected meat processing 

plants, and the inability of small producers to use one of the existing 46 USDA plants, research- 

ers recommend that California create its own meat inspection program to protect smaller 

ranchers.106 Sheep and goat flocks are increasingly useful in addition to lamb/mutton produc-

tion in California for wildfire management. There is increasing statewide interest in building a 

silvopasture sector which would integrate forestry, pasture, and forage crops into a single system.

Eggs

California is home to 6,546 farms with approximately 12.5 million egg layers of which the majority 

(10.9 million) are cage-free layers.107 California’s egg farms supply about 33 percent of the state’s 

consumer egg needs. The considerable number of cage-free layers reflects an animal welfare 

requirement created in state law in response to a voter referendum (Proposition 12) with a 

required deadline of January 2022.108 California’s animal welfare law will change egg production 

  

106  Michael Dimock et al. “A New Era for Meat Processing in California? Challenges and Opportunities to  
Enhance Resilience” (September 2021).  

107  USDA Agricultural Market Service, Eggs Markets Overview. 

108  Proposition 12 (adopted in 2018) addresses extreme cage confinement for egg-laying hens, veal calves, 
and mother pigs. The law, which applies to all products sold in California, was challenged in court in 2020 but 
dismissed. Similar animal welfare laws have been adopted in 10 other states, and numerous private compa-
nies have changed supply practices to reflect consumer interests in eating food that takes animal welfare into 
consideration. In March 2022, the U.S. Supreme Court agreed to hear the case National Pork Producers et al. v. 
Karen Ross et al. regarding the constitutionality of Proposition 12 extending beyond California. 

https://foodsystemslab.ucdavis.edu/sites/g/files/dgvnsk9606/files/media/documents/2021%20September%20FSL%20%20Meat%20Processing%20White%20Paper_FINAL_0.pdf
https://foodsystemslab.ucdavis.edu/sites/g/files/dgvnsk9606/files/media/documents/2021%20September%20FSL%20%20Meat%20Processing%20White%20Paper_FINAL_0.pdf
https://www.ams.usda.gov/sites/default/files/media/Egg%20Markets%20Overview.pdf
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practices in neighboring States that want to sell in the California market. The Ninth Circuit ruled 

against a challenge to the California law, but the U.S. Supreme Court will hear a case on a challenge 

to Proposition 12 brought by the pork industry that would have implications for cage-free eggs.109 

Marine Fisheries 

The California Current System (CCS) is a highly productive marine ecosystem that encompasses 

waters off California, British Columbia, Washington, Oregon, and Baja, California. In 2021, approx-

imately 148 million pounds of fish were landed in California worth approximately $191.8 million. 

The most valuable fisheries in 2021 were market squid and Dungeness crab as shown in Table 8 

but there are other significant fisheries contributing to California revenue as illustrated in Table 9. 

 

 

Fishery Pounds Ex-Vessel Value

Market Squid 99,515,765 $59,420,270

Dungeness Crab 10,408, 940 $53, 028,410

Chinook Salmon 2,284,452 $17,511,123

California Spiny Lobster 667,244 $15,113,850

Red Sea Urchin 2,259,924 $7,047,005

Sablefish 3,156,101 $5,124,762

California Halibut 777,151 $4,220,130

Spot Prawn 239,306 $3,927,998

Bigeye Tuna 812,615 $2,938,999

Bluefin Tuna 459,594 $1,727,199

109  National Pork Producers Council v. Ross, Docket 21-468 (2022).  

110  “Ex-vessel value” is the price per pound based on the first purchase of a commercial landing [usually by  
wholesalers] multiplied by the total pounds landed.  

Top 2021 Commercial Fisheries by Ex-Vessel Value110  Table 8 

SOURCE: California Department of Fish and Game. 

https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=198970&inline
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Fishery Pounds Value

Crab Red Rock 1,261,043 $2,320,078

Swordfish 1,024,487 $2,751,411

Yellowfin Tuna 3,789,742 $2,584,574

Dover Sole 3,566,193 $1,355,686

Shortspine Thornyhead 359,133 $1,352,133

Petrale Sole 1,198,211 $1,260,671

Pacific Rock Shrimp 493,394 $1,088,981

Hagfish 1,228,855 $1,084,509

Albacore Tuna 569,674 $983,114

Lingcod 550,714 $666,630

Northern Anchovies 12,425,459 $652,394

White Sea Bass 142,859 $619,851

Source: National Marine Fisheries Service Data (2020).

 

Some of the species of commercial fish in California are on the NOAA Fisheries list of “overfishing 

and overfished” stocks including Chinook salmon from Sacramento River and Klamath River as 

well as Pacific bluefin tuna, Eastern Pacific Swordfish, and Eastern Pacific yellowfin tuna.110 

The CCS has been warming over time. A marine heat wave “blob” event in 2014-2015 visibly 

impacted CCS marine ecosystems. Other ongoing changes in ocean conditions have also im-

pacted marine fisheries as a food source. For example, in 2015, a harmful algal bloom of diatoms 

led to the introduction of domoic acid into marine species, leading to fishery closures across 

California’s coast. Marine heat waves have also impacted kelp, which shelter fisheries. A variety  

of fish have been observed migrating northward to avoid the impacts of warming waters.111  

 
111   U.S. Department of Commerce, NOAA, Overfishing and Overfished Stocks (December 31, 2020). (Overfishing  
is a term used to indicate that a stock has a higher harvest rate than the rate that produces the Maximum Sus-
tainable Yield [MSY]. Overfished refers to a stock that has a population size that is so low that the stock’s ability 
to produce a MSY is jeopardized. The migratory fish on this list are all fished by U.S. and international fleets 
under international agreements.)  

112   Edward Weber et al., State of the California Current 2019-2020: Back to the Future with Marine Heatwaves?, 
Front Mar. Sci (10 August 2021). 

Other Fisheries in California Valued Over $500,000 Table 9 

111

112

SOURCE: National	Marine	Fisheries	Service	Data	(2020).

https://media.fisheries.noaa.gov/2021-05/2020%20Status%20of%20Stocks%20RtC_5-18-21_FINAL.pdf?null
https://doi.org/10.3389/fmars.2021.709454
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Warming temperatures favor certain species, such as sea urchins, which have exploded in num-

bers. There is not yet a sizable sea urchin industry to take advantage of these increased numbers. 

Interaction between marine mammals and f ishery gear remains an issue for the marine 

fishing industry. Specifically, many animals get caught in nets during the process of fishing.  

In the 2020-2021 Dungeness crab fishing season, a “Risk Assessment and Mitigation Program” 

was implemented to evaluate marine life entanglement risk. In 2020-2021, the crab fishery 

opened later than usual and closed earlier than usual to minimize marine mammal entangle-

ment. In April 2022, the crab fishery in several commercial fishing zones closed earlier than 

usual in part because of two humpback whale entanglements. Other issues for the marine 

fishery sector include the proliferation of tropical invasive algae (Caulerpa prolifera) and oil 

spills, such as the offshore Huntington spill that resulted in fishery closures from October 2, 

2021, to November 30, 2021. 

Aquaculture

In addition to marine fisheries off the California coast, freshwater and marine aquaculture farms 

in California breed and harvest fish and other water-grown organisms. The marine aquaculture 

industry is relatively small in California but may alleviate some of the current pressures on 

marine ecosystems to supply high quality protein by offering an alternative to commercial 

marine capture fishing. In 2018 when the last national Census of Aquaculture was taken, Califor-

nia hosted 116 freshwater and marine-based aquaculture farms—55 of these farms provided 

“food fish” (as contrasted to bait fish) and 22 provided mollusks—with sales worth $106 million.112 

California’s number of aquaculture farms declined from 2013 when the state had 124 farms. In 

2018 California had the 10th largest number of freshwater and marine farms and the fifth larg-

est sales numbers after Mississippi, Washington, Louisiana, and Virginia. 

Most of California’s aquaculture farms produce freshwater fish. Of the farms that reported on 

their source of water, 49 relied on groundwater, 29 on on-farm surface water, 33 on off-farm 

surface water, and 21 on saltwater.113 Among the species for sale are tilapia, salmon/steelhead, 

warmwater fish, trout, shellfish, seaweed, and catfish. In a 2017 report to the California legisla-

ture, the California Department of Fish and Game observed that “the promotion and regulation  

of the [aquaculture] industry is necessarily challenging and fragmented” but also noted that 

“the potential for increased commercial aquaculture production (and the consequent public 

and private benefit) is immense.”114 

113   Census of Aquaculture, Table 1. Value of Aquaculture Products Sold by Type: 2018 and 2013.  

114   Id.  
115   California Department of Fish and Wildlife, The California Department of Fish and Wildlife Aquaculture  
Program, A Report to the Legislature (2017). 

114

115

113

https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/Aquaculture/aqua_1_0001_0001.pdf
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=141404&inline
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=141404&inline
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In terms of marine aquaculture, the U.S. is a smaller global player ranking 18th in aquaculture 

production even though half of the world’s seafood originates from aquaculture. California is a 

small player. In 2014, the U.S. produced 41,000 metric tons of marine aquaculture (finfish and 

mollusks). California produced 726 metric tons.115 California continues to have fewer marine 

aquaculture farms than freshwater farmers.  

Rice 

California is one of only five states to produce rice in the United States and has been commer-

cially producing rice at scale since 1912, though smaller acreage cultivation began at the time of 

the Gold Rush to meet the needs of Chinese miners and railroad workers. Depending on the 

extent of the drought, farmers typically produce between 405,000 and 525,000 acres of various 

varieties of rice across 2,500 farms in the Sacramento Valley and a portion of the San Joaquin 

Valley. The dominant types of rice produced in California are short and medium-grain japonica 

varieties. California produces most of the medium-grain rice (69-76%) and almost all of the 

short-grain rice grown in the U.S. Rice has a relatively high yield producing 9,050 pounds per 

acre worth $905 million.116 California growers generally seed rice in early May from airplanes into 

flooded fields and then harvest until about November. Rice production has decreased in recent 

years, despite an increased interest in rice products due to a rising demand for gluten-free 

products. Rice producers are eligible for Price Loss Coverage programs when market prices fall 

below reference prices set in the federal Farm Act. 

 

 

 

 

 

 

 

 

 

 

 

116  National Oceanic and Atmospheric Administration, 2020 Fisheries of the United States (May 2022); Aquar-
ium for the Pacific, Seafood the Future, Marine Aquaculture Operations in the United States; H. Froehlich et 
al., Piecing Together the Data of the U.S. Marine Aquaculture Puzzle, Journal of Environmental Management, 
308 (15 April 2022) (Obtaining consistent data about the extent of marine aquaculture operations in the United 
States is difficult.) 

117  2021 State Agriculture Overview- California, supra note 89. 

117

116

https://media.fisheries.noaa.gov/2022-05/Fisheries-of-the-United-States-2020-Report-FINAL.pdf
https://aop.maps.arcgis.com/apps/Cascade/index.html?appid=e97ddd2cd9cf46218cefeed813e26c87
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County Area Planted 
2020 acres

Area Planted 
2021 acres

Yield 2020 
pounds/acre

Yield 2021 
pounds/acre

Production 
2020 cwt

Production 
2021 cwt

Butte 102,500 79,700 9,330 9,390 9,520,000 7,445,000

Colusa 126,500 101,000 9,000 8,990 11,313,000 9,052,000

Glenn 77,400 61,700 8,750 9,140 6,740,000 5,584,000

Sutter 110,000 80,200 8,370 8,890 9,224,000 7,112,000

The California rice industry has committed itself to improving air quality and local biodiversity, 

by substantially reducing the amount of rice straw burned on fields and thereby contributing to 

better air quality for the Sacramento Valley. After the rice crop has been harvested, rice farmers 

also provide wetland habitat for migrating waterfowl by creating conditions in the rice fields 

that attract migratory waterfowl.117 

Other Grains

California currently produces only limited amounts of grain in comparison to Midwest states. In 

2021, California produced a variety of wheat across 200,000 acres valued at approximately $135 

million. Historically, California was a large wheat producer. From the Gold Rush up until the 

1880s, enormous quantities of wheat were planted mostly on large ranches in the Central Valley 

to feed the demand of the mining industry. After a peak production of 42 million bushels in the 

1880s, farmers reduced production of wheat due to declining yields, soil exhaustion, and low 

farm prices. Farms then replaced wheat production with barley. Eventually, a number of these 

farms transitioned to fruits, nuts, and vegetables to increase profits.   

118   California Rice 101, California Rice Commission. 

California Rice County Estimates  Table 10 

SOURCE: USDA, 2022.

118

https://calrice.org/pdf/crc101guide_mw_06.pdf
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Wine

California is the major wine-producing area in the U.S. (81% of production) with wine grapes 

grown primarily in the North Coast, Central Coast, and Southern California.118 The U.S. accounts 

for about 12 percent of the global wine market and is the world’s fourth largest producer with 

$1.36 billion in exports. In 2021, California produced 649 million gallons of the 773 million gallons 

of wine produced in the U.S.119 In 2020, California had approximately 580,000 wine-grape bear-

ing acres and 40,000 non-bearing wine-grape acres for a total of 620,000 acres. Since 2013, 

fewer acres of wine-grapes have been planted each year due to demand leveling out.120 

Wineries produce important value for the state. Wineries, wine-grape growers, and businesses 

supporting the industry contribute $57.6 billion to California and $114.1 billion to the U.S. econo-

my directly and indirectly.121 However, warming temperatures and more frequent wildf ires 

present a challenge for wineries. At least one report predicts that more vineyards will be re- 

moved in California in the coming years because there is not expected to be further growth in 

wine consumption due to less interest in the product from younger, health conscious, and 

multicultural consumers.122 Drought impact is another particular concern for more than half of 

the wineries polled in an annual winery condition survey.123 Warming days and more forest fires 

have also impacted the winery industry as winemakers cannot rely on obtaining quality grapes 

due to poor fruit harvests in very dry years or unintended flavors from smoke.124 

Cannabis

California legalized medical cannabis in 1996 and legalized cannabis for recreational use in 2016. 

Demand for cannabis has increased since its legalization, with a 50 percent increase in demand 

from 2019 to 2020. California produces 25 percent of all legal cannabis sales in the United States  

 

 

119   Washington State produces the second most wine in America.  

120  Wine Institute, California & U.S. Wine Production.  

121   2013 was a peak year of production in California with the state producing 762 million gallons of wine out  
of the 841 million gallons produced in the U.S. 

122  Wine Institute and California Association of Winegrape Growers, 2015 Economic Impact Report on Wine.  

123  Rob McMillan, Silicon Valley Bank, State of the U.S. Wine Industry 2022.  

124  Id. 
 
125  Ula Chrobak and Katrina Zimmer, Full-Bodied with Notes of Band-Aid and Medicine, The Atlantic,  
(June 26, 2022). 

119

120

121

122

123

124

125

https://wineinstitute.org/our-industry/statistics/california-us-wine-production/
http://www.wine-economy.com/impact/national/
https://www.svb.com/globalassets/trendsandinsights/reports/wine/svb-state-of-the-wine-industry-report-2022.pdf
https://www.theatlantic.com/science/archive/2022/06/glass-fire-climate-change-impact-wine/661396/
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from around 8,000 legal cannabis farms with $4.4 billion in sales in 2020. Colorado and Wash-

ington are the next two most productive cannabis-producing states with $2.2 billion and $1.4 

billion in sales, respectively.125 

The major challenges for the cannabis industry are the difficulty of regulating the industry due 

to the existence of numerous unpermitted farms and the substantial amount of water use per 

acre of production as compared to other crops.126 Many of California’s cannabis farms are in 

watersheds that require in-stream water for sensitive species. 

After the legalization of cannabis, California created promotional campaigns to promote legal 

cultivation and purchasing in the state. After the passage of Proposition 64 in 2016, California’s 

municipalities were left to approve cannabis sales. As of early 2022, only 85 out of 500 munici-

palities allow cannabis sales. Therefore, California has two legal dispensaries for every 100,000 

citizens, while Oregon and Colorado have 7-9 times more.127

With cannabis being illegal federally and the costs of complying with state regulations, small 

farmers may struggle due to high costs of production. Unable to qualify for agricultural aid 

programs or certain bank loans, small-scale cannabis farmers have been vocal about the need 

for state intervention to enforce state laws and shut down illegal growing operations.128

Organic Production 

While most of California’s crops are produced conventionally using chemical fertilizers and 

pesticides, California’s organic production/ranching sector is significant and growing. In 2017, 5 

percent of California’s production was in organics—meaning the produce had not been grown 

using chemical fertilizers and pesticides in accordance with California’s State Organic Program. 

Over 2.5 million acres are in organic production in California with sales of $10.4 billion (split 

between producers for approximately $4 billion, handlers $5.1 billion, and processors $1.3 billion).  

 

 

126   “California Cannabis Market, Law, Size, Forecast.” Business Plan Templates, 25 Dec. 2021. 

127  New Frontier Data, Resource Innovation Institute & Berkeley Cannabis Research Center, Cannabis H2O: 
Water Use and Sustainability in Cultivation (2021). (Estimates that legal and illicit cannabis crops used 2.8 billion 
gallons of water of which 83 percent was used by illicit growers with a prediction of 3.6 billion gallons of water  
use by 2025 by both licit and illicit growers.) 

128  Tiffany Devitt “Banning Retail Cannabis Outlets Fuels the Illicit Market.” CalMatters, 17 Feb. 2022. 

129  Alexei Koseff. “Gavin Newsom Was the Face of Legal Cannabis in California. Can He Fix Its Problems?”  
CalMatters, 31 Jan. 2022. 

126

127

128

129

https://cannabusinessplans.com/california-cannabis-market/
https://calmatters.org/commentary/2022/02/banning-retail-cannabis-outlets-fuels-the-illicit-market/
https://calmatters.org/politics/2022/01/california-cannabis-newsom/
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Almost half of the 2.5 million organic acreage is for beef cattle with Kern, Modoc, Lassen,  

Tehama, and Siskiyou counties having the largest amount of acreage designated for organic 

production. Organic vegetables comprise about 53,000 acres and fruits 24,500 acres. The  

counties with the largest organic sales in 2019 were Monterey, Santa Cruz, Kern, Los Angeles, 

and Merced. 

California Counties with Largest Number of Harvested Organic 
Acreage for Certain Products

 Figure 11 

DATA SOURCE:  California Agricultural Statistics Reviews 2019-2020. 

https://www.cdfa.ca.gov/Statistics/PDFs/2020_Organics_Publication.pdf
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With over 40 percent of the organic production in the U.S. originating in California, the state is 

currently the only host for a USDA National Organic Program. Under the State Organic Pro-

gram, California assumes the national Organic Program’s oversight and enforcement authority. 

California is the only state to have this authority. 

The primary issue for the organic industry in California has been grappling with drought condi-

tions. For example, organic farmers in 2021 expressed concern about the ability to grow ade-

quate crops with the statewide reduction in water leading to impacts on soil fertility and insect 

ecology. Farmers have not been able to put in cover crops and what crops they are producing 

are lower in yield and more prone to pest infestations.129 

TAKEAWAYS: California produces a diversity of products that has changed over time. California  

is the largest dairy, fruits, nuts, and vegetable producer in the United States. Around 16 percent 

of these products are exported to foreign markets. Over recent years, specialty commodities 

production, such as for citrus and nuts, has increased as well as organic production. Recently, 

there is new competition with international producers for some fruits and vegetables.  

PART III.  

RESOURCE-LIMITED INPUTS  
INTO FOOD PRODUCTION 

In Part I, the report offered general statistics about the food supply chain from farm production 

to consumer. Part II shared brief glimpses into a number of California’s major food production 

sectors. This section of the report focuses on essential inputs into food production before turn-

ing in the subsequent section to examine contemporary socio environmental challenges for 

food production and access. 

130  Max Goldberg (August 4, 2021) “With California Responsible for 40% of U.S. Organic Production, Its Drought 
is a Major Problem for All of Us,” Organic Inside. 

130

https://organicinsider.com/newsletter/organic-food-supply-drought-california-your-weekly-organic-insider/
https://organicinsider.com/newsletter/organic-food-supply-drought-california-your-weekly-organic-insider/
https://organicinsider.com/newsletter/organic-food-supply-drought-california-your-weekly-organic-insider/
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Water 

Water is essential to the U.S. food system, using approximately one-third of U.S. freshwater for 

food production and processing.130 Crop production is the largest national user of freshwater, 

with about 21 percent of water used for fresh vegetables (5.1 trillion gallons), 18 percent for nuts 

and ready-to-eat foods (4.5 trillion gallons), and 10 percent for meats (2.5 trillion gallons).131 

As a major food producer, California is regularly exporting its water in what is sometimes re- 

ferred to as a “virtual water transfer” to other U.S. states and international markets. Growers in 

California use about 40 percent of California’s available water to irrigate more than 9 million 

acres of crops.132 The amount of water available for irrigation varies depending on whether 

California has a wet year, like 2006 when 29 percent of 104 million acre feet of statewide water 

was used by the agricultural sector, or a dry year, like 2014 where 61 percent of 61 million acre 

feet of statewide applied water use went to agriculture.133 Between 2011 and 2016, 83 percent of 

the state’s groundwater was used by agricultural users, while cities used about 10 percent.134 

Irrigation water comes from surface water and groundwater. Growers have become increasingly 

efficient in water use, as irrigation water has become scarcer, and are growing more high-value 

crops that generate more revenue per unit of water than in previous years. Farm output has 

doubled since the 1960s without increases in irrigation water use, which demonstrates the 

state’s shifted reliance on groundwater for agricultural outputs. The Central Valley uses most of 

California’s irrigated water (75%), constituting 17 percent of the nation’s irrigated acreage, with 

the region responsible for 20 percent of the nation’s groundwater demand.135 

Another area that relies heavily on irrigated water is the Imperial Valley in the desert region of 

Southern California, which is one of the top 10 agricultural counties in the nation. In 1901 the 

California Development Company (the forerunner to the Imperial Irrigation District [IID]) began 

diverting water from the Colorado River into Imperial Valley via what is now the All-American  

Canal. Since that diversion, the region has been heavily invested in agribusiness including  

 

131  Sarah Rehkamp and Patrick Canning, U.S. Food-Related Water Use Varies by Food Category, Supply Chain 
Stage, and Dietary Pattern (August 9, 2021) Economic Research Service.  

132  Rehkamp and Canning supra note 135. 

133  Ellen Hanak and Jeffrey Mount, Water use in California (May 2019), Public Policy Institute of California.  

134  Id.  

135  Public Policy Institute of California, Water for Farms (April 2015).  

136  U.S. Geological Survey, California’s Central Valley. 

131

132

136

135

134

133

https://www.ers.usda.gov/amber-waves/2021/august/us-food-related-water-use-varies-by-food-category-supply-chain-stage-and-dietary-pattern/
https://www.ers.usda.gov/amber-waves/2021/august/us-food-related-water-use-varies-by-food-category-supply-chain-stage-and-dietary-pattern/
https://www.ppic.org/publication/water-use-in-california/
https://aic.ucdavis.edu/publications/PPIC.pdf
https://ca.water.usgs.gov/projects/central-valley/san-joaquin-basin.html
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vegetables and melons. In 1963, the U.S. Supreme Court decided in California v. Arizona that the 

IID would be entitled to a “present perfected” right to 2.6 million acre-feet with a priority date of 

1901, which recognized the IID as a senior water right holder predating the later water compacts.136  

California’s irrigation water is transported across the state through a variety of water infrastruc-

ture projects including the Central Valley Project, the State Water Project, and the All-American 

Canal. These projects are discussed further in Section IV and V. 

 

Some foods are more water-intensive than others in terms of production, including processing. 

The United Kingdom’s Institution of Mechanical Engineers compared water requirements for 

producing various common products.

137  California v. Arizona (1963) 373 U.S. 546.

Maps of the Central Valley and Major Southern California  
Irrigation Areas 

 Figure 12 

SOURCE:  U.S. Geological Survey, California Water Science Center, California’s Central Valley, Regional Characteristics. 
Imperial Irrigation District, 2016 Water Conservation Plan,	Water	Resources	Section	(p.	9),	September	2018.
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https://ca.water.usgs.gov/projects/central-valley/about-central-valley.html
https://www.iid.com/home/showpublisheddocument/17259/636748596078370000
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Food Water in Liters for Production

Beef (1 kg) 15,415

Cotton (1 kg) 9980

Butter (1 kg) 5,553

Cheese (1 kg) 3,178

Rice  (1 kg) 2,497

Milk (1 liter) 1,020

Wine (1 liter) 436

Tomato (1 kg) 214

 

Crop (acreage) Average Water Use MAF Jobs per acre-foot of net water  
(water used by crop)

Alfalfa 5.2 0.8

Almonds/Pistachios 3.8 4.6

Irrigated Pasture 3.1 0.3

Rice 2.7 1.0

Corn 2.2 0.9

Vineyard 1.6 22.0

Vegetables 1.3-1.7 74.8

Cotton 0.9 4.0

Onion 0.2 22.7

Fresh Tomato 0.1 62.2

 
 

Volumes of Water Used to Produce  
Common Products in California 

Table 11

SOURCE:  Institution	of	Mechanical	Engineers,	Global	Food	Waste	Not,	Want	Not	(2013).

Average Acre-Feet of Water Usage for Large California Crops in 2010Table 12

SOURCE:  Heather Cooley, California Agricultural Water Use: Key Background Information,	Pacific	Insti-
tute; Congressional Research Service, Renee Johnson and Betsy Cody, California Agricultural Production 
and	Irrigated	Water	Use	(June	30,	2015),	Table	12	based	on	data	from	J.	Medellin-Azuara	et	al.	“Jobs	per	
Drop	Irrigating	California	Crops”	(April	29,	2015).

https://pacinst.org/wp-content/uploads/2015/04/CA-Ag-Water-Use.pdf
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Farmers are increasingly dependent on reliable water as acreage has moved from lower reve-

nue crops, such as alfalfa and corn silage, to higher-revenue crops, such as fruits and nuts. 

Farmers are seeking higher-revenue perennial crops with acreage increasing from 16 percent of 

California’s irrigated acreage in 1980 to 33 percent of California’s acreage in 2015.137 This increase  

in perennial acreage led to stronger economic returns on water with 14 percent less water 

being used in 2015 to produce 38 percent more gross state product than in 1980.138 Between 

2000 and 2010, orchards that needed to be watered regularly grew from 34 percent to 40 per-

cent of the irrigated cropland in the San Joaquin Valley.139 It is not possible to fallow (take out of 

production for a season) an orchard for multiple seasons without losing the asset. Therefore, 

farmers are understandably anxious about maintaining access to reliable water resources to 

maintain farm viability. 

In response to lower annual rainfall and increasingly dry conditions, California farmers have 

made investments in irrigation technologies that use less water, including sprinklers and drip 

irrigators. Even so, the majority of irrigated acres are flood and furrow irrigation.140 While this 

water is not “wasted” because it recharges aquifers, there have been increasing calls for more 

precision irrigation to improve water quality, reduce pumping, and reduce water loss to evapora-

tion.141 The next part of this report describes several challenges associated with obtaining water. 

Labor 

Farm labor in the U.S. includes both family farmworkers and hired farmworkers. Nearly every 

farm in California depends on hiring some farm labor. While the number of employed workers 

across the United States has reduced with on-farm mechanization, the proportion of hired 

farmworkers versus permanent workers has increased. Hired farmworkers include field crop 

workers, nursery workers, livestock workers, graders and sorters, agricultural inspectors, and 

farm supervisors. Farm labor remains a significant employer in some regions of the San Joaquin 

Valley (Fresno, Tulare, and Kern), Central Coast (Monterey), and South Coast (Santa Barbara  

and Ventura).

138  Jeoffrey Mount and Ellen Hanak, Water use in California, PPIC Water Policy Center  (May 2019). 

139  Id. 

140  Public Policy Institute of California, Water for Farms (April 2015). 

141  Renee Johnson and Betsy Cody, Congressional Research Service, California Agricultural Production and  
Irrigated Water Use (June 30, 2015). 

142  More efficient irrigation has its own “shadow” side in terms of water conservation. While precision irrigation 
boosts yield per acre, it can also encourage increased production with additional crops or additional acreage. 
This increased production can perversely increase a farm’s water use.

141

140

139

138

142

https://aic.ucdavis.edu/publications/PPIC.pdf
https://sgp.fas.org/crs/misc/R44093.pdf
https://sgp.fas.org/crs/misc/R44093.pdf
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Map of Major Agricultural Employment Areas Figure 13  

SOURCE: California Agricultural Employment, 2021 Annual Average; Labor Market Information  
Division, Employment Development Department, California Department of Labor. 

https://www.labormarketinfo.edd.ca.gov/file/agric/ca-ag-employ-map-2021.pdf
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This map does not fully capture California’s reliance on hired farmworkers. As researchers 

observed in 2017, the California government reports only the number of agricultural jobs and 

not the number of workers who fill each job. Based on Social Security numbers associated with  

a job, researchers found that two workers fill each year-round equivalent of a farm labor job  

for a total workforce of 829,300.142 Most farmworkers are connected to a labor contractor who 

moves farmworkers from one farm to another. In 2014, 85 percent of the farm workers were 

employed by a crop support firm, fruit and nut farm, or a vegetable and melon farm. In 2014, 

“crop support” ($12,719) and fruit and nut farms ($17,600) had the lowest earnings for farmworkers, 

while an average farmworker on a cattle ranch would earn $29,223 annually. 

Category Primary Workers Average Earnings Only Job

All agricultural workers 691,615 $16,527 499,440

All workers with one agricultural job 829,326 $19,266

Vegetable/melon farmworkers 44,878 $23,789 30,760

Fruit and tree farming 153,999 $17,600 102,805

Cattle ranching 25,244 $29,233 19,817

Support activities for crop production 391,711 $12,719 288,435

 

Wages vary by food production. The average wage for all agriculture workers was $14.18 in 

March 2014. This number is higher than the average wages listed in table 14 below in part 

because the average includes workers involved in farm management and support activities  

for crop and animal production that are better paid than farmhand work. The average wage  

for all crop production was $14.18 and for animal production and aquaculture was $13.78. The 

official California state data has not been updated since 2014. 

143  P. Marin, B. Hooker, and M. Akhtar et al. “How many workers are employed in California agriculture?” Cali-
fornia Agriculture, 71(1) (2017).

California Agricultural Workers and Earnings, 2014  Table 13  

DATA SOURCE: P. Marin, B. Hooker, and M. Akhtar et al. “How many workers are employed in  
California agriculture?”	California	Agriculture,	71(1)	(2017).	

143

https://escholarship.org/uc/item/3qt5n6t1
https://escholarship.org/uc/item/3qt5n6t1
https://escholarship.org/uc/item/3qt5n6t1
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Product Average Wage (from March 2014)

Oil Seed and Grain Farming $13.81

Vegetable and Melon Farming $13.04

Berry Crops $12.62

Grapes $15.27

Tree Nuts $13.41

Citrus Fruits $13.78

Dairy $12.79

Beef Cattle (Excluding Feedlots) $13.71

 

U.S. Bureau of Labor statistics indicate that 186,600 farmworkers and laborers were employed in 

California’s crop, nursery, and greenhouse sector in 2021, with a mean hourly wage of $15.25 for 

an annual mean wage of $31,770.143 Approximately 3,030 individuals were employed in California 

as farm, ranch, and aquaculture farmworkers with a mean hourly wage of $17.93 for an annual 

mean wage of $37,300. The metropolitan areas in the nation with the largest number of jobs for 

farm workers were all in California. 

144  U.S. Department of Labor, Bureau of Labor Statistics, Occupational Employment and Wages, May 2021
45-2092 Farmworkers and Laborers, Crop, Nursery, and Greenhouse. 

California Agricultural Employment Average Wages Table 14  

DATA SOURCE:  California Employment Development Department, Detailed Agricultural  
Employment and Earnings, 2014. 

144

https://www.bls.gov/oes/current/oes452092.htm
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Metropolitan Areas with the Highest Concentration of Agriculture Jobs  Table 15  

Metropolitan Area Employment Employment per 
thousand jobs

Hourly mean 
wage

Annual mean 
wage

Salinas 28,690 169.67 $16.13 $33,550

Madera 6,710 140.42 $14.53 $30,220

Bakersfield 42,880 138.05 $14.45 $30,050

Visalia-Porterville 19,080 127.57 $14.78 $30,730

El Centro 5,050 86.05 $14.68 $30,530

Merced 4,990 69.40 $14.94 $30,840

Hanford-Corcoran 2,510 58.76 $15.14 $31,500

Fresno 19,910 53.08 $14.83 $30,840

Santa Maria  
and Santa Barbara

9,990 51.41 $15.55 $32.340

Napa 2,870 41.61 $18.54 $38,560

The 2021 statistics from the Department of Labor differ from California’s 2021 statistics in terms 

of numbers of employed. California identifies 158,800 working in crop and nursery production 

and 28,000 in animal production while the Department of labor identified 186,000 crop and 

nursery farmworkers and 3,030 dairy farm and ranch farmworkers. The major difference be-

tween the 2021 statistics particularly in the number of farmworkers for dairy farms and ranches 

may reflect California including dairy farm and ranch owners in the numbers. The federal  

numbers do not include self-employed workers.

The rates of pay reported by California and the U.S. Department of Labor both differ from inter-

views with California farmworkers.144 A 2021 analysis reported from crop workers an average  

 

145  California Findings from the National Agricultural Workers Survey (2015-2019): A Demographic and  
Employment Profile of California Farmworkers (January 2022). (Based on interviews with 3,582 crop workers.)

DATA SOURCE: U.S. Bureau of Labor Statistics. 

145

https://www.dol.gov/sites/dolgov/files/ETA/naws/pdfs/NAWS%20Research%20Report%2015.pdf
https://www.dol.gov/sites/dolgov/files/ETA/naws/pdfs/NAWS%20Research%20Report%2015.pdf
https://www.bls.gov/oes/current/oes452092.htm
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wage of $12.13 per hour. Workers who earned hourly average wages reported an average of  

$11.61 versus workers who were paid by the piece who earned $14.87 per hour. The amount paid  

to an individual also depended on how many years they had worked for a particular employer. 

Workers with only 1-2 years of experience were paid an average of $11.55 per hour while workers 

with more than 11 years of experience with the same employer were paid $13.02 per hour.

In California, many hired farmworkers are foreign-born with a nationality from Mexico or  

another Central American state. This is reflected in national demographics.

Farm Laborers Farm Managers All U.S. jobs

Female 26 13 45

White/Not Hispanic 31 67 59

Black/Not Hispanic 3 2 12

Latino/Hispanic (Mexican origin) 57 24 12

Latino/Hispanic (Not Mexican origin) 7 4 8

U.S. Citizen 53 84 90

Less than high school degree 48 19 9

College degree 21 50 62

 

In general, the USDA statistics indicate crop farmworkers are more likely to be Hispanic, more 

likely to have been born outside of the United States, and more likely to lack a high school 

education compared to livestock workers. Recently, fewer foreign-born immigrants are entering 

the workforce leading to fewer workers in the industry, so the average age of a farm laborer in 

2019 was 39.5 years. 

Demographics of U.S. Crop Farmworkers Based on Percentages Table 16  

DATA SOURCE: USDA Economic Research Service, Farm Labor.

https://www.ers.usda.gov/topics/farm-economy/farm-labor/
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Map of Birthplace of California Farmworkers of Mexican Origin, 
2003-2004

 Figure 14 

SOURCE:  California Agricultural Relations Board. 

https://www.alrb.ca.gov/wp-content/uploads/sites/196/2018/05/CalifFarmLaborForceNAWS.pdf
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California food production depends on these workers. By one estimate, 1 in 3 workers in the 

California economy is an immigrant, and this number is even higher in agriculture, forestry, and 

fishing, where two-thirds of the workers are immigrants.145  More than half of the agriculture 

workers may be undocumented.146 

Legal immigration of farmworkers is hard to ascertain, but the National Agricultural Workers 

Survey conducted by the U.S. Department of Labor suggests that around a half of hired farm-

workers do not have legal authorization to work. Between 2014 and 2016, 27 percent of hired 

crop workers were U.S. born, 4 percent were immigrants with U.S. citizenship, 21 percent were 

authorized immigrants, and 48 percent had no work authorization. California has the highest 

number of unauthorized workers in the nation.147

More than 80 percent of crop farmworkers are “settled,” meaning that they live within 75 miles  

of their home. About 10 percent of workers are “shuttlers” working on a farm more than 75 miles 

from their home. Workers who “follow the crop” are relatively rare, and only accounted for about  

5 percent of the workers in 2014-2016. There have been very few newly hired farmworkers since 

2007.148 This may be for a combination of reasons including low pay, demanding work condi-

tions, dangers in crossing borders without authorization, and exposure to health threats, such 

as pesticides. 

Many of these jobs do not have full benefits with half of the farmworkers indicating that they 

were  not covered by unemployment insurance if they lost their job and 22 percent indicating 

that they were not covered for workers compensation. Only 31 percent of the interviewed workers 

indicated that they had health insurance for injuries and illness that do not happen on the 

job.149 During the 2020 and 2021, farmworkers were disproportionately impacted by the 

COVID-19 pandemic due to limited access to health services.150  

In recent years as discussed in Part VI, the industry has struggled to maintain a sufficient  

farmworker force to support existing levels of production. 

146  American Immigration Council. 

147  California Findings from the National Agricultural Workers Survey (2015-2019): A Demographic and  
Employment Profile of California Farmworkers (January 2022). (Based on interviews with 3,582 crop workers.) 

148  USDA, Economic Research Service.  

149  Id.  

150  California Findings from the National Agricultural Workers Survey, supra note 151. 

151  Paulette Cha, “HealthCare Access Among California’s Farmworkers,” Public Policy Institute of California  
(April 2022). 

146

148

147

151
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https://www.americanimmigrationcouncil.org/sites/default/files/infographics/california_infographic_2018_2.png
https://www.dol.gov/sites/dolgov/files/ETA/naws/pdfs/NAWS%20Research%20Report%2015.pdf
https://www.dol.gov/sites/dolgov/files/ETA/naws/pdfs/NAWS%20Research%20Report%2015.pdf
https://www.ppic.org/publication/health-care-access-among-californias-farmworkers/
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Energy 

The California agriculture sector relies on energy both directly and indirectly throughout the 

entire supply chain. First, farms use energy to irrigate water and to collect groundwater from 

the earth to grow produce and then, when necessary, to dry certain goods for processing. As 

part of the growing process, farms rely on pesticides and fertilizers, which require energy to 

produce. Farmers use tractors and other farm machines to harvest and collect food; these 

machines require diesel fuel and other gasoline products to operate. Once the food is grown 

and processed, producers rely on cold storage and transport trucks to ship products throughout 

the state and country. We discuss this last point in a later section. 

In terms of direct uses, the agricultural sector uses approximately 5 percent of California’s  

available energy; most of this energy is consumed as electricity to fuel irrigation pumping, 

particularly groundwater pumping.151 The amount of energy used in pumping during peak- 

energy-demand months (May-October) is equivalent to about 10 billion kilowatt hours of  

electricity, or the power usage of 1.5 million residences.152 

Groundwater pumping is particularly energy intensive; the amount of energy used in ground- 

water pumping across California is equivalent to the total amount of energy used to pump 

surface water across California’s major water conveyance infrastructure including the  State 

Water Project, Colorado River Aqueduct, and the Central Valley Project.153  Perhaps somewhat 

unintuitively, improvements in water efficiency, such as pressurized irrigation, could lead to 

more energy usage as farmers expand crop production.154 The amount of energy costs associated 

with a particular product varies greatly. For example, corn and strawberries require significantly 

different energy costs: from 38.75 percent of the costs per acre for corn to only 1.43 percent of 

the costs per acre for strawberries.155 The ability for California to use year-round fields versus 

greenhouses reduces energy costs for California vegetable growers as compared to energy 

costs for competitors, such as Canada’s tomato hothouses. 

152  California Energy Commission, 2019 California Energy Efficiency Action Plan, (2019) :18 (citing data from 
California Energy Commission, Energy Consumption Data Management System including electricity use for 
heating and cooling livestock and operating dairies ); A. Aghajanzadeh et al., Water-Energy Considerations in 
California’s Agricultural Sector and Opportunities to Provide Flexibility to California’s Grid, Lawrence Berkeley 
National Laboratory, (2019).  

153  Climate Solutions in California Agriculture (2015).  

154  Id. 

155  A. Aghajanzadeh supra note 156.  

156  Id. 

152

153

156

155
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https://www.energy.ca.gov/filebrowser/download/1900
https://escholarship.org/uc/item/2qx647xg
https://escholarship.org/uc/item/2qx647xg
https://calclimateag.org/wp-content/uploads/2015/02/Climate-Benefits-of-Agriculture-2015.pdf
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Other energy uses include product drying, particularly for fruits. The California Energy Commis-

sion forecasts that the agricultural sector will use about 7 percent of California’s available energy  

in 2030 and anticipates new energy needs from indoor agriculture.156 

Indirectly, the industry also uses energy in the production of pesticides and fertilizers. For exam-

ple, the agriculture sector’s reliance on natural gas is largely due to the production of chemical 

fertilizers and pesticides, food processing (canning and freezing), and product drying. Energy 

use in fertilizer manufacturing is an indirect use of energy and is not usually calculated into  

the energy usage of the sector. However, it is a substantial use of energy. 

Diesel fuel is used to operate tractors and other farm engines. Dependence on diesel has in- 

creased. The California Air Resources Board (CARB) observed in 2021 that even though more 

farmers are investing in cleaner agricultural equipment, fuel use has increased 19 percent more 

than was originally estimated in CARB’s 2011 emission model even though the number of har-

vested acres has only increased by 3 percent since 2007. Diesel fuel and gasoline prices 

increased by 12.9 percent and 19.7 percent, respectively, nationally between 2020 and 2021.157  

The cattle production industry has been particularly impacted because oil and gas costs form  

a substantial proportion of total costs for the industry. Higher gas and diesel prices in California 

may make California-grown food less competitive than overseas imports for foods shipped from 

California, particularly when growers pass on the costs to consumers. 

To combat these challenges, California farmers are also adopting renewable energy technolo-

gies in particular solar arrays and wind turbines. As of 2012, over 3,000 farms in California—8 

percent of the state’s farms—were producing some renewable energy.158 Farmers are investing  

in more energy efficient equipment. California Energy Commission’s 2019 California Energy 

Efficiency Action Plan includes doubling energy efficiency savings across California’s industrial 

sector, including food production. 

The drought, which has impacted California’s agricultural production, has also impacted elec-

tricity generation. Specifically, the water available for hydroelectric production under drought 

conditions only generates 8 percent of California’s total electricity rather than the 15 percent it 

generates under normal water conditions. This limitation is likely to lead to more natural gas 

157  California Energy Commission, 2019 California Energy Efficiency Action Plan, (2019) :18.  

158   California Air Resources Board, 2021 Agricultural Equipment Emission Inventory (July 2021); USDA  
Economic Research Service. 

159  USDA, National Agricultural Statistics Service, On-Farm Renewable Energy, (2022). 
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159
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https://www.energy.ca.gov/filebrowser/download/1900
https://ww2.arb.ca.gov/sites/default/files/2021-07/AG2021_Technical_Documentation_Final_DRAFT_ADA_PDFA.pdf
https://www.ers.usda.gov/webdocs/outlooks/100969/vgs-366.pdf?v=2548.2
https://www.ers.usda.gov/webdocs/outlooks/100969/vgs-366.pdf?v=2548.2
https://www.nass.usda.gov/AgCensus/Partners/2012/Infographics/Renewable_Energy.pdf
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being used in California.159 As discussed in the following section, natural gas is in demand by 

the fertilizer industry.

Fertilizers

In the United States, fertilizer consumption has increased substantially since 1960, with high 

commodity crops leading farmers to plant larger acreages of crops thereby increasing fertilizer 

application. Fertilizer allows farmers to ensure the greatest production of goods on their farms 

as possible. Copious amounts of commercial fertilizer and other agricultural materials (e.g., 

compost) were used in California between July 2019 and June 2020, including the application  

of 5.3 million tons. In contrast, between July 2018 and June 2019, a total of 4.6 million tons of 

material were applied.160  

California agriculture relies on nutrient applications of nitrogen, phosphorus, and potassium. 

Nitrogen is the most used agricultural fertilizer by weight, making up around 60 percent of all 

fertilizer used in California. Notably, the amount of nitrogen applied to fields increased from 

651,322 tons between July 2018 and June 2019 to 686,097 tons applied between July 2019 and 

June 2020. Applications of phosphorus and soluble potassium also increased.161   

California County Tons of Nitrogen  Tons of Phosphorous   Tons of Potassium  

Fresno County  108,574  23,077  33,700 

Imperial County  65,226  34,870  5,206 

Kern County  73,749  15,382  36,784 

San Joaquin County  52,314  12,223  21,427 

Stanislaus County  84,489  21,619  30,541 

160  Debra Warady, California Drought Could Reduce Hydroelectric Generation to Half of Normal Levels,  
U.S. Energy Information Administration (June 1, 2022).  

161   California Department of Food and Agriculture, 2020 Fertilizing Materials Tonnage Report.  

162  Id. 

Largest Nutrient Applications in California, 2020 Table 17 

SOURCE:  California Department of Food and Agriculture, Fertilizing Materials Tonnage Report. 
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https://www.eia.gov/todayinenergy/detail.php?id=52578
https://www.cdfa.ca.gov/is/ffldrs/pdfs/2020_Tonnage.pdf
https://www.cdfa.ca.gov/is/ffldrs/pdfs/2020_Tonnage.pdf
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Fertilizer has become expensive in the United States, with prices almost doubling between the 

summer of 2020 and the end of 2021 due to reduced inventories, more demand, and higher 

natural gas prices. The average price of nitrogen fertilizer increased 14.3 percent from 2020 to 

2021. Average phosphate (phosphorous) and potash (potassium) prices increased by 30.6 per-

cent each.162 Phosphorus comes from the mining of phosphate rock from outside of California, 

which makes it costly to import for California’s farmers. As agriculture production has increased, 

researchers predicted in 2009 that the U.S. has only 30 years of phosphate rock available, requir-

ing new sources of fertilizer nutrients for future agricultural use.163 

California has been highly impacted by changes in the fertilizer market. Fertilizer expenses are 

about 10 percent of the costs of growing almonds and 11 percent of the cost of growing process-

ing tomatoes. Therefore, these contribute substantial costs to the overall process, particularly 

given the other costs of growing food in California. Some crops require more fertilizer than 

other crops. For example, an almond tree requires multiple applications totaling around 8-12 

pounds of fertilizer for each tree.164 In California, an almond grower will spend three times as 

much per acre on fertilizer as an Illinois corn grower.165 

Fertilizers may have negative effects on the communities near their use. Large and inefficient 

historic fertilizer applications have generated rising nitrate levels in groundwater. High nitrate 

levels in groundwater may lead to methemoglobinemia (blue-baby syndrome), congenital 

disabilities, and cancer. Excess nitrates that exceed safe drinking water levels require costly 

nitrate treatment. Communities impacted by nitrates face land-use restrictions, denial of loans, 

and a reduced tax base. Overapplications of nitrogen and phosphorous or poorly managed 

manure can wash off into waterways and create algal blooms that can emit toxins that may  

be absorbed by shellfish.166 Consumption of these shellfish can cause public health problems. 

Increased prices of fertilizers may indirectly benefit communities if farmers apply less fertilizer  

in areas with already high nitrate levels. 

Another negative byproduct produced by fertilizer use comes when nitrogen that is not ab-

sorbed by crops is converted to nitrous oxide when the soil warms. Nitrous oxide has a warming  

 

163  Vegetables and Pulses Outlook, April 2021, VGS-366 (April 16, 2021) Table 12.  

164  Dana Cordell et al. The story of phosphorus: Global food security and food for thought.  
Global Environmental Change. Volume 19, Issue 2. (2009). 

165  Wikifarmer, Almond Tree Fertilization.  

166  Aaron Smith, The Story of Rising Fertilizer Prices, Agricultural and Resource Economics, ARE Update,  
Giannini Foundation of Agricultural Economics, University of California Davis Vol. 25(3) (Jan/Feb. 2022).  

167  A. McGaraghan et. al. A Primer on California Harmful Algal Blooms. 
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https://wikifarmer.com/almond-tree-fertilization/?amp
https://s.giannini.ucop.edu/uploads/pub/2022/02/24/v25n3.pdf
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potential 298 times that of carbon dioxide. Efforts to reduce nitrous oxide by splitting nitrogen 

applications between early spring and mid-season do not appear to influence nitrous oxide 

levels. Efforts to reduce nitrogen by planting cover crops may not reduce nitrous oxide if cover 

crops include something like cereal rye.167 Therefore, careful selection of cover crops is neces-

sary if farmers anticipate reducing nitrous oxide from field agriculture.

Finally, there are concerns that heavy fertilizer applications in some areas have caused air 

pollution. A 2018 report found that at least 25 percent of nitrogen oxide emissions in California  

are released from soil that were treated with nitrogen-based fertilizers.168 Researchers suggest 

the potential for increases in greenhouse gases from soil emissions exacerbated by drought 

and heat waves. Natural gas, which generates greenhouse gases, is used in the synthetic  

production of nitrogen fertilizers  contributing to California’s agricultural industry being a large 

consumer of indirect energy. 

Pesticides and Herbicides

Numerous pesticides and herbicides are used in conventional agriculture to protect crops  

from insects, nematodes, weeds, plant diseases, mice, and fungi. In 2017, 200 million pounds  

of pesticide were applied to California soil, which included increased use of the soil fumigant 

chloropicrin, the fungicides chlorothalonil and mancozeb, and the now-canceled chlorpyrifos 

insecticide from previous years. In 2017, the top five crop applications of pesticides and herbi-

cides for crops included: 

• 34.3 million pounds of pesticides and herbicides applied to 23.3 million acres of almonds; 

• 29 million pounds of pesticide applied to 10.5 million acres of wine grapes; 

• 15.6 million pounds of pesticide applied to 6.7 million acres of grapes; 

• 11.8 million pounds of pesticide applied to 2.6 million acres of oranges; and 

• 10.9 million pounds of pesticide over 2.4 million acres of strawberries.169  

 

 

168  L. Giovani Preza-Fontes, et al. (2022) In-season split nitrogen application and cover cropping effects on  
nitrous oxide emissions in rainfed maize. Agriculture, Ecosystems & Environment: 326: 107813.  

169  M. Almaraz, et. al. “Agriculture is a Major Source of NOx Pollution in California,” Science Advances, Vol 4(1) 
(2018). 

170   The Top 100 sites by pounds in total statewide pesticide use in 2017; In August 2021, EPA published a final 
rule revoking all “tolerances” for chlorpyrifos and it is illegal to sell or distribute products containing it after  
February 27, 2022.
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https://www.sciencedirect.com/science/article/pii/S016788092100517X
https://www.sciencedirect.com/science/article/pii/S016788092100517X
https://doi.org/10.1126/sciadv.aao3477
https://www.cdpr.ca.gov/docs/pur/pur17rep/top_100_sites_lbs_2017.htm
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Among the largest application (in terms of pounds) of pesticides and herbicides in particular 

agricultural counties were 3,354,813 pounds of sulfur spray applied to wine grapes in Sacramento  

County, and 598,618 pounds of glyphosate, potassium salt, applied to almonds and pistachios  

in Kern County.170

California has taken steps to reduce harmful pesticide use throughout the state, but some pesti-

cides are sometimes traded for equally harmful chemicals. Pesticides formerly used in California, 

including strawberry fumigant methyl bromide and general pesticide chlorpyrifos, are no longer 

available for use given environmental concerns and concerns over health. Exposure to Dow 

Chemical’s chlorpyrifos, formerly used on alfalfa, almonds, citrus, cotton, grapes, and walnuts, was 

correlated with harm to child development.171 The ozone depleting substance methyl bromide, 

formerly used on strawberries, was replaced with the known carcinogen 1,3-dichloropropene  

and chloropicrin, which now require respiratory protection for farmworkers.172 

Producers and policymakers have hotly contested the safety of glyphosate (Roundup) for years. 

Specifically, in 2017 California listed the common herbicide glyphosate as carcinogenic under  

the Safe Drinking Water and Toxic Enforcement Act, requiring a warning label.173 Monsanto—the 

corporation that produces glyphosate—challenged the listing, and the California court over-

turned it on the basis that it violated Monsanto’s first amendment rights because the glyphosate 

warning was “not purely factual and uncontroversial under the First Amendment, as required for 

compelled commercial speech.”174 Regardless, glyphosate impacts monarch butterflies by de-

stroying milkweed and is deemed as “probably carcinogenic” by the World Health Organization’s 

International Agency for Research on Cancer, as it exposes individuals to higher risks of triggers 

for non-Hodgkin’s’ lymphoma.175 Litigation continues over the human safety of applying Roundup 

without protective equipment  with juries finding in favor of damages for Californians exposed to 

glyphosate who were later diagnosed with non-Hodgkin’s lymphoma.176 Bayer AG, as the owner  

 
171  Top five sites by pounds in total pesticide use in each county in 2017, California Department of Pesticide  
Regulation.  

172  Chlorpyrifos Cancellation, California Department of Pesticide Regulation.  

173  Environmental Protection Agency, 1,3 Dichloropropene.  

174  California Office of Environmental Health Hazard Assessment (June 26, 2017) Press Release.  

175  National Association of Wheat Growers et al. v. Bonta et al., Memorandum and Order Re: Cross Motions  
for Summary Judgment (E.D. Cal. June 22, 2020).  

176   L. Zhang et al. Exposure to Glyphosate-based Herbicides and Risk for Non-Hodgkin Lymphoma: A Me-
ta-Analysis and Supporting Evidence, Mutat Res Rev Mutat. Res (July-September 2019): 781: 186-206; World 
Health Organization, International Agency for Research on Cancer, IARC Monographs Volume 112: Evaluation  
of Five Organophosphate Insecticides and Herbicides (March 20, 2015).  

177  Hardeman v. Monsanto Company, 997 F. 3d 941 (9th Cir. 2021); Pilliod v. Monsanto Co. 67 Cal. App. 5th 591  
(Cal. Ct. App. 2021).
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of Roundup, attempted to reopen the matter before the Supreme Court and argued that the 

federal and state courts violated the Constitution because the courts should have concluded 

that federal law preempts state law on labeling of pesticides.177 

Certain pesticide uses have declined because in some cases the substances have been more 

heavily regulated. Since 1974, California has allowed certain cholinesterase-inhibiting pesticides  

to be used, including organophosphate and carbamate pesticides (OP and CB). However, since 

1995, the quantity of these pesticides has declined by 89 percent with farms trying other 

pest-reduction strategies. Employers who use these pesticides are required to contract with a 

medical supervisor to monitor workers’ health. Between 2011 and 2019, an average of 2 million 

pounds of OP and CP pesticides were applied with required testing. 

Cal EPA favors biopesticides over synthetic pesticides. However, as of 2022, many growers are 

not familiar with biopesticides. California promotes integrated pest management (IPR), which 

includes identifying pests, setting actional thresholds, preventing pest infestations, and con-

trolling pests. The Department of Pest Management in the California Department of Pesticide 

Regulation has a mandate to promote using the least toxic approaches to pest management. 

The industry has begun investing more research effort into biological nematode control, biologi- 

cal control of lepidopteran insect pests, and biological fungicides. 

Agricultural workers are at the frontline of pesticide exposure through field preparation, drift 

from neighboring fields, or contact with pesticide residues on crops or in the soil. In 2018, the 

Pesticide Illness Surveillance Program of the California Department of Pesticide Regulation 

identified 99 episodes resulting in 287 cases of pesticide-related illness and injuries arising from 

agricultural pesticide due to direct contact, drift, and residue. Most of the fieldworker exposure 

was due to drift or residue.178

Agricultural workers may bring pesticide residues home that accumulate in house dust and 

expose family members. Pregnant agricultural workers exposed to pesticides may have severe 

impacts during pregnancy, including premature births, miscarriages, or congenital disabilities. 

Babies born after exposure to pesticides in utero may have higher levels of developmental 

disabilities than children whose mothers were not exposed to pesticides. In fact, 25 million  

 

178  Monsanto v. Hardeman, Petition for a Writ of Certiorari (August 2021) (Rejected by the Supreme Court); 
Monsanto v. Alberta Pilliod and Alva Pilliod, Petition for a Writ of Certiorari (March 2022) (Rejected by the  
Supreme Court). 

179   Summary of Results from the California Pesticide Illness Surveillance Program (2018) California  
Environmental Protection Agency Department of Pesticide Regulation (November 15, 2021). 
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pounds of the herbicide glyphosate were applied in California in 2017. More than half of  

the glyphosate is sprayed in California’s lowest-income counties, contributing to potential 

negative health outcomes for low-income residents.179

Capital Equipment and Machinery

According to the 2017 USDA Census of Agriculture, increasing amounts of capital investments 

are going into machinery and equipment. In 2017, 70,521 farms had machinery and equipment 

with a market value of $11,640,729 with an average of $165,070 per farm. In 2012, 77,857 farms 

invested in $9,709,545 of equipment with an average of $124,720 per farm. Depending on the 

crop, common equipment includes tractors, combine harvesters, rotary tillers, plows, seeders 

and balers. Much of this equipment runs on diesel which contributes to California’s air quality 

issues particularly within the San Joaquin Valley as discussed in Part IV.

To support production, California’s farmers are increasingly relying on recent technologies 

including robotics. Some of these technologies which are still at their preliminary stages of 

development will be discussed further in Part VII. The dairy industry in California deploys some 

robotic milking stations that use a combination of robotic arms to clean milk teats, attach the 

milker, and disinfect the teats. The robot also collects data on each cow. The machines are 

expensive at around $120,000 per machine supporting 60-70 cows. The advantage for the 

dairies for a farmer was the ability to spread out milking times. 

Accessing affordable and available labor for the planting, weeding, thinning, and harvesting 

season has been a challenge since California growers first pursued a strategy of “factory fields.” 

Part of the future for California’s agriculture will be in automation of at least some jobs that are 

currently performed by handwork. Growers look to automation to improve production by not 

just reducing fuel, fertilizer, and water inputs but also reducing the amount of labor needed  

to produce a crop. Growers hope that by investing in ground and aerial automation including 

autonomous tractors, robotic harvesters, automatic watering, and seed robots that there will  

be long-term savings in crop production by being able to plant and harvest at optimal times.

TAKEAWAYS: Large-scale agricultural production in California in the form of “factory fields” 

requires numerous inputs and machines to produce food. California uses about 40 percent  

of California’s available water to irrigate around 9 million acres of crops as well as the most  

 

180   Center for Biological Diversity et al. Lost in the Mist: How Glyphosate Use Disproportionately Threatens  
California’s Most Impoverished Counties (2015).
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signif icant proportion of groundwater in the state. In addition to water, California depends  

on low-wage agricultural farmworkers to support and operate farms. However, it has become 

increasingly challenging to attract farmworkers due to low wages and health concerns, even as 

wages have increased. While California leads the country in organic production, the agricultural 

sector as a whole is still heavily reliant on conventional farming practices using synthetic fertiliz-

ers, pesticides, and herbicides which has implications for both public and environmental health. 

In recent years, fertilizer has become increasingly expensive for producers, which is likely to 

have impacts on the future costs of food for consumers. 

PART IV.  

CHALLENGES FOR CALIFORNIA’S FOOD SYSTEMS 

A. Socio Environmental Challenges

Water Shortages 

California is no stranger to drought. Particularly now, water is rarely available when and where 

farmers need it most. In 1978, a University of California task force concluded that “the single 

most limiting resource likely to constrain food and fiber production in California was water.”180 

This task force was entirely correct and in 2022, California continues to see the challenges of 

ensuring it has enough water. Historically, 60 percent of agricultural water has come from 

surface water. However, multi-year droughts have required the state to find alternative water 

sources. The 2022 Sierra snowpack, which has been measured annually for decades, was dan-

gerously low, with the sixth-lowest measurement in state history.181 One group of researchers 

predicts that if greenhouse gases continue unabated that there will be no Sierra snowpack 

within 35 to 60 years.182

181  Warren Johnston and Harold Carter, “Policy Issues” in A Guidebook to California Agriculture  
(Ann Foley-Scheuring, Ed.) (University of California Press, 1983): 383. 

182  Rachel Becker, “Sierra Snowpack Worsens, Falls to Lowest Level in 7 Years” Cal Matters (April 1, 2022).  
(The average measurement across the state as of April 1, 2022 was 10 inches, 38% of normal.

183  Erica Sirila-Woodburn et al. (2021) A Low to No Snow Future and Its Impacts on Water Resources in  
the Western United States, Nature, Vol 2: 800-820. 
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Map of State Water Project with Pumping Plants Figure 15  

SOURCE: California State Water Project. 

https://water.ca.gov/Programs/State-Water-Project/SWP-Facilities
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Map of Federally-Managed Central Valley Project Service Areas  Figure 16  

SOURCE: U.S. Bureau of Reclamation, Central Valley Project. 

https://www.usbr.gov/projects/index.php?id=506
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Two-thirds of California’s precipitation is in the Northern part of the State, with the runoff of 

waters westward. California relies heavily on water infrastructure to transport this water. Much 

of the infrastructure is old, and there are concerns that a major earthquake or a failed dam 

would impact the water supply across the state. 

Much of this water is transported sizable distances through major water infrastructure, includ- 

ing the State Water Project managed by the state Department of Water Resources and the 

federally-managed Central Valley Project, which both supply substantial water to the agricultural 

sector. The All-American Canal is an additional infrastructure project that conveys interstate 

water from the Colorado River into the Imperial Valley. The canal is owned by the Bureau of 

Reclamation but operated by the Imperial Irrigation District. A branch of this canal delivers 

water to the Coachella Valley. 

In recent years, implementing the Endangered Species Act has required reducing surface water 

pumping from the Central Valley Project to protect endangered smelt and riparian habitats. 

This created what some growers perceived as a “regulatory drought” leading to farmers need-

ing to take land out of production. In December 2021, the state announced that 29 public water 

agencies serving communities and agricultural lands would receive no water from the State 

Water Project because all water was needed for instream flows in the Sacramento-San Joaquin 

River Delta and as a backstop for city drinking water and regional firefighting water. Likewise 

for 2022, with Shasta Reservoir at only 40 percent capacity, most agricultural water service 

contractors are expected to receive zero percent allocation from the Central Valley Project. To 

protect water in the Delta, the state has installed an Emergency Drought Salinity Barrier. In 

times of low water supplies from these projects, growers relying on surface water will need to 

purchase water from other water right holders to avoid the loss of permanent crops. Alternative 

water supplies tend to be single-year or short-term contracts. 

Certain areas of California are particularly water-challenged including the Imperial Irrigation 

District (IID) that relies on Colorado River water which is regulated by the Colorado Compact 

that was concluded about a century ago to ensure water from upper Colorado River basin 

states (Colorado, Wyoming, Utah, and New Mexico) would reach lower Colorado River basin 

states (Arizona, California, and Nevada) and Mexico. The IID region is today entitled to 2.6 MAF  

of the Colorado River. The Colorado River has been in drought condition for more than two 

decades with Lake Mead, the nation’s largest reservoir, reaching its lowest storage level since it 

was first filled in the 1930s. The Bureau of Reclamation executed its first-ever cutback of water  

on the Colorado River impacting Arizona with, for example, a 18 percent reduction in its Colorado 
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River supply water during 2022.183 California has not yet been required to make contributions 

under the BLM Colorado River Drought Contingency Plan but California irrigation and municipal 

water districts have been actively participating in creating “Extraordinary Conservation Inten-

tionally Created Surplus” to support management of Colorado River. 

This is an area where a failure to have some degree of cooperation is likely to lead to conflict 

among States, tribes, and Mexico. In May 2022, the U.S. Bureau of Reclamation announced  

emergency plans to delay water releases from Lake Powell, the U.S.’s second-largest reservoir, 

that would have otherwise gone to California in order to protect the reservoir and infrastructure. 

184  Ron Fleming, Colorado River Cutbacks, WaterWorld (January 12, 2022). Arizona receives 36 percent of 
\the state’s water portfolio from the Colorado River. 

Statewide Annual Groundwater Use by Sector, 2002-2016 Figure 17  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (3-13).	
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If cutbacks continue as some experts predict, these water cutbacks will over the long term  

have impacts on Imperial Valley and Coachella Valley’s ability to grow field crops including 

alfalfa, grass, sugar beets, and canola. 

Where surface water is not easily available and groundwater is available, farmers may pump  

from one of California’s 515 groundwater basins and subbasins.184 Groundwater supplies 46 per- 

cent or more of the statewide annual water supply during drought years. For example, ground- 

water use increased from 12,127 thousand acre-feet to 22,869 thousand-acre feet from 2011 to  

2015 in response to drought conditions. Surface water use decreased from 25,650 thousand 

acre-feet to 14,665 thousand-acre feet. Almost all groundwater is used by the agricultural sector.

The agricultural industry’s reliance on groundwater has increased, as illustrated in Figure 18. 

185  California Department of Water Resources, Groundwater. 

Groundwater Use from 2011-2015 Figure 18  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (3-4).	
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Groundwater Use and Total Water Use Met by Groundwater, 2011-2016  Figure 19  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (H-10).

TAF=THOUSAND ACRE FEET

https://data.cnra.ca.gov/dataset/calgw_update2020


A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    83

In 2015, 90 percent of irrigation water in California came from groundwater.185 Annual average 

groundwater use for all uses varies depending on the region as illustrated in Figure 15. For 

example, the Central Coast used 1,203 thousand-acre-feet of groundwater between 2011 and 

2016, which accounted for 90 percent of the water use in the area. Agricultural producers relied  

on this water for 94 percent of their production. Similarly, the San Joaquin River region used 

3,983 thousand-acre-feet of groundwater accounting for 48 percent of its total water use.  

Agriculture producers relied on this water for 48 percent of their water supply. The Tulare Lake 

hydrologic region used 8,141 thousand-acre-feet of groundwater accounting for 69 percent of 

water use in the area. Agriculture relied on this water for 68 percent of its water uses.  

Due to this reliance on groundwater in lieu of available surface water, groundwater basins have 

been over-drafted as illustrated in Figure 20. Overdrafted basins refers to those groundwater 

basins that have been used without adequate recharge. Groundwater reserves are now inade-

quate or dropping in many areas.  

The California Department of Water Resources’ current data based on measuring groundwater 

levels is not encouraging as illustrated below in Figure 21. Because groundwater use has not  

been historically measured, recent measurements suggest that many groundwater basins are 

overdrafted (meaning that the amount of water being used exceeds the recharge into the 

aquifers). While some estimates suggest California may have the capacity for 1.3 billion acre-feet 

of groundwater, usable groundwater is actually closer to 200 million acre-feet.186 Based on 

pumping exceeding recharge, there is around 2.5 million acre-feet per year of overdraft.187 In 

addition to this ongoing water loss from groundwater aquifers, heavy pumping has led to land 

subsidence in some places in the Central Valley of as much as 60 centimeters per year. This 

subsidence has implications for California’s water infrastructure, including the aqueducts’ 

ability to carry less water.188 Although California taxpayers are providing $200 million over the 

course of two years to repair canals that are leaking due to subsidence, including the Delta- 

Mendota Canal and the Friant-Kern canal, one recent study suggests that groundwater levels 

will need to increase over current levels to prevent continued subsidence.189  

186  California Natural Resources Agency, California’s Groundwater Update 2020.  

187  California Department of Water Resources, Groundwater, supra note 193.   

188  California’s Groundwater Bulletin 118.  

189  Erik Stokstad, Deep Deficit, Science, (April 16, 2020).  

190  Matthew Lees et al. Development and Application of a 1D Compaction Model to  
Understand 65 Years of Subsidence in the San Joaquin Valley (2022) Water Resources Research. 
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Locations of Critically Overdrafted Groundwater Basins Figure 20  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (4-26).
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https://data.cnra.ca.gov/dataset/calgw_update2020


California Groundwater Level Trends, 1998-2018 Figure 21  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (H-30).
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In 2009, the California Legislature passed the Water Conservation Act requiring all agricultural 

water suppliers subject to the U.S. Bureau of Reclamation who are providing water to more than 

25,000 irrigated acres to draft and submit an Agricultural Water Management Plan to the Califor-

nia Department of Water Resources every five years. These plans must include information about 

the suppliers’ implementation of specific efficient water management practices. As of 2012, all 

mid-sized water suppliers providing 10,000 to 25,000 irrigated acres were also expected to submit 

plans. In 2015, 54 agricultural water suppliers supplied more than 25,000-acres of irrigation water, 

representing 4,074,000 irrigated acres; 47 of these suppliers submitted plans, but seven did not. 

In 2016, 39 agricultural water suppliers irrigating between 10,000 to 25,000 acres were identified. 

Of this number, 26 submitted timely plans, five were in the process of submitting late plans, and 

eight did not contact the Department of Water Resources to submit plans. 

Concerned about continued subsidence and overdraft, California passed the Sustainable 

Groundwater Management Act (SGMA) of 2014. SGMA requires groundwater sustainability 

agencies to design plans to ensure adequate water for future generations by limiting pumping 

and enhancing recharge. The plans are required to avoid “undesirable results,” including pre-

venting chronic over drafting; avoiding significant and unreasonable reduction of groundwater 

storage; avoiding significant and unreasonable seawater intrusion; avoiding significant and 

unreasonable water pollution; avoiding substantial and unreasonable land subsidence; and 

ending depletions of interconnected surface waters. This is a challenging change for communi-

ties that already do not have enough water. 

Presently, smaller farmers with less financial assets are more impacted by the excess use of 

groundwater. Larger farms with more financial assets can afford the costs ($30,000-40,000) of 

drilling deeper wells to replace wells that have gone dry.190 

Creating workable plans is fraught. Four large groundwater basins in San Joaquin, Merced, 

Madera, and Fresno, including the Westlands Water District, the largest agricultural water 

agency in the U.S., failed to create plans that would be able to both deliver irrigation water and 

protect local community drinking water.191 As of 2019, agricultural water suppliers who provide 

2,000 or more acre-feet of water or supply to 2,000 or more irrigated acres are required to submit  

a farm gate water delivery report each year. Collecting this information has been challenging. 

Two examples of significant overdraft in regions that are California’s primary agricultural regions 

are illustrative of the challenges facing the industry. 

191  Cecille, Giacoma. “As Their Wells Dry Up, California’s Small Farms Seek Emergency Relief,” Civil Eats,  
August 18, 2021.  

192  Rachel Becker, “Four San Joaquin Valley groundwater plans deemed inadequate,” (November 18, 2021). 
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https://calmatters.org/environment/2021/11/groundwater-plans-inadequate/


Groundwater Overdraft Example: San Joaquin 

The San Joaquin River Hydrologic Region includes the second most agricultural land of any 

hydrological region and is heavily dependent on groundwater, with half of its water supply from 

groundwater and the other half from the Central Valley Project. The region also uses one-fifth  

of all groundwater in California, which is the second-highest volume of groundwater use in the 

state. Most of the water is used for agriculture in an area constituting one-quarter of California’s 

agricultural production area. The region has the third most irrigation wells drilled in the state, 

with 8,333 wells installed for domestic use. The essential resource of groundwater is, however, 

disappearing in the region, with 77 percent of the wells between 1998 and 2018 experiencing a 

decline in water levels due to wells being overdrafted.

San Joaquin River Hydrologic Region Groundwater Level Trend  Figure 22  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (7-58),	 
Chapter 7, Groundwater at a Glance.
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Groundwater Overdraft Example: Tulare Lake

The Tulare Lake Hydrologic Region, located in the San Joaquin Valley, contains the most agricul-

tural land use of any hydrologic region in the state. It also uses twice the amount of groundwa-

ter of any other region in the state. Because 95 percent of the region’s groundwater use is for 

agriculture, the region has 14,657 irrigation wells. Between 1998 and 2018, however, the level of 

groundwater in 78 percent of the monitored wells had declined, reflecting a worrisome trend. 

Tulare Lake Hydrologic Region California, Groundwater Level Trends Figure 23  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (7-68),	 
Chapter 7, Groundwater at a Glance.

https://data.cnra.ca.gov/dataset/calgw_update2020


Number of Groundwater Sustainability Agencies  
in Critically Overdrafted Groundwater Basins

 Figure 24  

SOURCE: California Department of Water Resources, California Groundwater Update 2020 (4-44).
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One of the Sustainable Groundwater Management Act criticisms is that there are too many 

players. Within a high or medium-priority basin, the law requires the formation of groundwater 

sustainability agencies. In many basins, there are multiple agencies. As of June 2020, there were 

347 basin-specific GSAs in 143 basins. This leads to overlapping governance from one or more 

GSA and challenges in jointly managing a basin. 

The statewide lack of water impacts crop production and human health both directly and 

indirectly. Directly, 85 percent of Californians depend on groundwater for part of their water 

supply. Six million Californians rely entirely on groundwater, including many agricultural and 

disadvantaged communities that are home to low-income Latino families.192 These communi-

ties cannot afford treatment to remove certain hazardous pollutants.193 Indirectly, the lack of 

water has led to an increase in Valley fever, particularly in San Joaquin Valley. The fever is caused 

by a fungus, Coccidioides, that exists endemically in the soil and is transported by agricultural 

dust.194 Drying soils has resulted in more airborne dust where the fungus lives.

The absence of water in 2022 has had visible impacts on California’s rural communities with 

farmers fallowing land and not hiring as many agricultural workers. In April 2022, Governor  

Newsom entered an executive order designed to address the ongoing water shortages. For 

agricultural, dairy, and industrial wells, the Groundwater Sustainability Agency for the region 

must have evidence before granting a permit that a new well will not impact the groundwater 

management program, a new well will not impact existing wells, and a new well will not lead to 

additional subsidence.195 Water use across California increased 18 percent so that in May 2022, 

Governor Newsom announced the possibility of mandatory statewide water restrictions. Watering  

of “non-functional” turf has already been restricted. The state is in the process of considering 

purchasing existing water rights from agricultural holders in order to be able to better deliver 

habitat goals.  

 
 
 
 
193  Id.  

194  Lynne Peeples, Thirsting for Solutions, Ensia (September 15, 2020). This reference describes the situation in 
Lanare, California—outside Fresno—that received money to install a treatment plant meant to remove arsenic 
from drinking water. However, Lanare had to close the plant when there was insufficient funding for operations. 

195  Stephen McCurdy et al., “Risk for Coccidioidomycosis among Hispanic Farm Workers, California, USA 2018”, 
Emerging infectious Diseases, Vol 26 (7) July 2020.  

196  California Governor Newsom, Executive Order N-7-22 (March 28, 2022). 

193

196

195

194

https://ensia.com/features/thirsting-for-solutions/
https://www.gov.ca.gov/wp-content/uploads/2022/03/March-2022-Drought-EO.pdf


A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    91

Soil Fertility

Without soil, agriculture ceases to be viable. California understands the importance of soil and 

even designated a representative “state soil” in 1997: the “San Joaquin” soil. Even so, California 

has failed to protect its soil from soil erosion, compaction, and desertification resulting from 

improper irrigation, insufficient incorporation of organic materials back into the soils, overgraz-

ing, and intensive cropping. Erosion has impacted around 16 percent of California’s cropland,  

a total estimate of 16 million acres, and had also impacted a third of California’s grazing land. 

Wind erosion has the largest impact in the Central Valley, particularly affecting Fresno, San 

Joaquin, and Kern County. Erosion creates a “vicious circle,” with soil loss decreasing the ability 

for vegetation to root and hold soil eventually leading to further losses of soil health, forage 

productivity, and carbon sequestration.196 

In the 1980s, researchers observed that “[t]hus far, improved plant varieties, increased chemical 

inputs, and management practices have compensated for basic declines in natural soil condi-

tions, but there is rising concern that the continued development of these enhancing sources 

of increased agricultural productivity may be slackening worldwide.”197

Of particular concern for irrigated lands is salinity. Around 4.5 million acres of cropland that is 

irrigated in California is affected by salinization, with major impacts in the Western San Joaquin 

Valley and the Imperial Valley.198 There are methods to adapt or combat soil salinity, but many 

farmlands are facing retirement due to the current salt levels; soil desalinization is unfortunately  

an expensive and lengthy process. The CDFA reports that 100,000 acres have been retired in the 

Westlands Water District in Fresno. Applying water to leach the salts through the soil is one 

method to remove salts from the soil surface, but these salts, in turn, leach into the groundwater, 

which can affect the drinking water for local communities that rely on wells.199

Warming Temperatures and Drought

Exacerbating California’s statewide water woes is the ongoing experience of warming tempera-

tures and drought. Drought is defined as a period of extended dry conditions and low precipita-

tion. While the phenomenon of drought is nothing new in California’s history since it became a  

 

197  W. Salls et al. supra note 12. 

198  Warren Johnston and Harold Carter supra note 27 at 385.  

199  California Department of Food and Agriculture, Soil Salinization. 

200  Salinity in the Central Valley: A Critical Problem, Water Education Foundation. 

197

198

199

200

https://www.cdfa.ca.gov/agvision/docs/Soil_Salinization.pdf
http://www.watereducation.org/post/salinity-central-valley-critical-problem
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State, the current trends in drying have exposed how fragile California’s agricultural production 

system is when available water resources are insufficient. Dust Bowl droughts in California 

between 1928 and 1935 catalyzed the vast build-out of California’s water moving and storage 

systems resulting in the Central Valley Project. The multi-year droughts beginning in 1947-1950 

convinced California of the need to invest in the State Water Project. Today, there is no new 

water to tap and store. 

At the same time as the water is disappearing, California is experiencing more warm days. Some 

crops rely on cool days for production. In 2015, a warm winter caused $180 million of pistachio 

crop damage. 200 Spring heat waves decrease the size of fruit at harvest. The loss of winter chill 

may eliminate the production of some fruits and nuts. One prediction suggests that almost 

three-quarters of the Central Valley by 2050 will become too warm for crops that need more 

than 700 chill hours less than 46 degrees Fahrenheit (7.2 Celsius).201 Depending on the variety, 

almonds require between 200-600 chill hours, peaches require between 400-1,000 hours, 

grapes require 100-400 hours, and pistachios require between 700-1,000 hours. 

California’s wine grapes are adapted to hot climates, but extreme temperatures will impact 

wine grapes’ sugar and flavor compounds, leading to lower quality wine. Temperatures above 

95 degrees Fahrenheit have been associated with negative impacts on grape harvests. Some 

wine grape growing areas such as Lodi are expected to have more extreme heat days by the 

2050s. Researchers suggest that perennial crops including many of California’s high-earning 

specialty crops (e.g., avocados, almonds, grapes) will no longer be viable.202

Droughts have immediate costs. The 2021 drought cost California’s agricultural industry around 

$962 million of direct costs and a $610 million loss in value-added. The highest losses were 

calculated in the Central Valley ($755 million) and the second-highest losses in the Russian River 

Basin ($148 million).203  The Central Valley lost revenue for alfalfa/pasture, fruit trees, vines, and 

non-vegetable field crops. Across the state, around 395,000 acres were fallowed, including 

385,000 acres in the Central Valley, with particularly noticeable impacts on rice (Sacramento  

Valley) and cotton (San Joaquin Valley). Growers of rice and cotton were able to recover some 

crop insurance payments while high food prices allowed certain producers, including dairy and  

 

201  USDA, California Crops Under Climate Change.  

202  Id.  

203  David Lobell et al. (2006)  Impacts of Future climate change on California perennial crop yields:  
Model projections with climate and crop uncertainties, Agricultural and Forest Meteorology 141 (2): 208-218.  

204   J. Medellin-Azuara, et al. (2022) Economic Impacts of the 2021 Drought on California Agriculture.  
Preliminary Report, University of California, Merced. 

201

204

203

202

https://www.climatehubs.usda.gov/hubs/california/california-crops-under-climate-change
http://drought.ucmerced.edu/
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cattle farms, to avoid larger losses. Some researchers predict that “higher temperatures and 

more frequent severe droughts likely will make it difficult for existing levels and methods of 

agricultural operations in the Central Valley to remain operationally or economically viable in 

the coming years.”204

Drought has become a chronic emergency for California’s agricultural sector in recent years. 

Residential consumers and agricultural operations have saved water, but that has not been 

enough to protect the industry from water shortages. Between 2007 and 2009 and again 

between 2012 and 2016, California experienced drought conditions that triggered the Califor-

nia Emergency Service Act. 2021 was the second driest year on record for California due to 

warm temperatures in California causing snow to melt off earlier in the season. Surface water 

deliveries were reduced by 5.5 million acre-feet. 2022 was the driest year in over 128 years, with 

only six inches of precipitation in the first three months of the year, which is 69 percent of 

what was considered average. 205 

To address the drought, the state has been curtailing water use. There have been curtailments 

in both the Delta and Shasta watersheds. Numerous local governments have declared Tribal 

emergency drought proclamations, including numerous county and tribal governments.206 In 

2022, Californians were requested to reduce water use by 15 percent from existing levels, but 

consumption has only decreased by a half a percent as compared to the same time in 2020. 

The state has been forced to contemplate mandated cuts. Farmers relying on the Central 

Valley Project water will not receive water from the project in 2022. Water storage areas that 

have historically supplied dry regions of California, including Lake Powell and Lake Mead, are 

at unprecedented low levels. 

As a result of the drought, California lost more than 8,500 jobs in 2021. Given the socioeconomic 

impact of the drought, the state is considering disaster legislation such as SB 1066, the “Cali-

fornia Farmworkers Drought Resilience Pilot Program,” to provide the Department of Social 

Services with appropriations used to provide supplemental cash assistance for drought im-

pacted farmworkers from 2023 to 2026 to avoid extreme poverty.  

 

205  Rachel Ehlers, State of California Legislative Analyst’s Office, Climate Change Impacts Across California, 
(April 5, 2022).  

206  California Drought Update, April 11, 2022.  

207   County governments with an April 2022 drought proclamation: Butte, Colusa, Fresno, Glenn, Humboldt, 
Lake, Marin, Mendocino, Modoc, Napa, Nevada, San Joaquin, San Luis Obispo, Santa Barbara, Santa Clara, Sis-
kiyou, Sonoma, Tulare, Tuolumne. Tribal governments with an April 2022 drought proclamation: Buena Vista 
Rancheria of Me-Wuk Indians, Karuk Tribe, Resighini Rancheria, Tule River Indian Tribe, Yurok Tribe, Wiyot Tribe.

205

207

206

https://lao.ca.gov/Publications/Report/4575
https://drought.ca.gov/media/2022/04/CA-Drought-Update-4-11-22.pdf
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Flooding

While the typical narrative for California in the past decade has been one of water scarcity, 

farms in some instances have faced unexpected flooding which has destroyed crops. In 2017,  

for example, farmland along the Russian River was inundated as a result of what has been 

called an “atmospheric river” event due a narrow, fast-moving, airborne stream of water.  

Orchard owners lost trees and fruit and vegetable plantings and harvests had to be delayed. 

Even though the heavy precipitation events do contribute to recharging groundwater aquifers 

and surface water reservoirs, there are notable concerns about ongoing soil erosion as flood 

Drought Map, June 2022 Figure 25  

SOURCE: University of Nebraska, Lincoln Daily State Drought Monitor.

https://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?CA
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waters create runoff. Climate change has doubled the likelihood of a “megaflood” in California 

due to increased precipitation and decreased snow storage.207 

Flood events may create additional havoc in existing water systems due to delayed mainte-

nance on critical water infrastructure. 

Wildfire

Wildfire has become an increasing challenge with the ongoing drought fueled by a warming 

climate and lack of regular precipitation. In 2021, over 2.5 million acres burned, and in 2020,  

over 4.3 million acres burned in California, with many of these fires near agricultural lands. In 

particular, the vineyards and grazing lands in the Coastal ranges and foothill communities in 

the Sierras have been heavily impacted. These fires have created intolerable work conditions for 

farmworkers and exacerbated asthma, cardiovascular disease, and other health challenges.208 

They have destroyed crops, grazing lands, and livestock. In wildfire season, with less sunlight 

due to particulates and ash generated by fires, crops grow slower and are more vulnerable to 

disease load. In some cases, wildfires release volatile compounds and change food flavors so 

that some crops, such as wine grapes, cannot be sold. 

Wildfire has been impacting the ability of farms to acquire insurance since 2017, when insur-

ance for some farms was not being renewed.209 In Napa Valley, one winegrower in 2020 had  

his wildfire insurance premium increase in one year from $12,000 to $55,000.210 Farmers depend  

on short-term plans underwritten by the state.211 Due to the limited amount of coverage for 

high-value operations, some wineries and ranchers are concerned that relying solely on state 

insurance, which is capped at $4 million of recovery, will still result in bankruptcy. 

208  Xingying Huang and Daniel Swain, “Climate Change if Increasing the Risk of a California Megaflood,”  
Science Advances Vol. 8 Issue 32 (12 August 2022).  

209  California Regulations, Title 8 Section 5141.1. Protection from Wildfire Smoke regulation to protect  
farmworkers. 

210  Jake Bittle, “As Wildfires Worsen, More California Farms are Deemed too Risky to Insure.” (July 28, 2021).  
Observes that 85 percent of 1,500 farms serviced by the Napa County Farm Bureau received an insurance  
nonrenewal notice.  

211  Id.  

212   These plans are part of the California Fair Access to Insurance Requirements created in the 1960s  
in response to brush fires, which provide basic coverage including farm structures. 

212
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208

https://grist.org/agriculture/as-wildfires-worsen-more-california-farms-are-deemed-too-risky-to-insure/
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Fuel loads that contribute to wildfire including dead or excessively dry vegetation need to be 

managed across state, federal, and private lands. Farmers have expressed concern that there  

is a lack of shared resources to mitigate forest fires and then to respond to large fire events in 

rural communities. One opportunity for some livestock farmers is “targeted grazing,” which 

creates opportunities for sheep, goats, or cattle to manage vegetation to reduce potential fuels. 

This type of grazing is cost-effective vegetation management, particularly for steep terrain. The 

challenge with this grazing is ensuring sufficient ecological training to avoid sensitive habitat 

areas that may include endangered species. 

California’s megafires also create risks for California’s water supply with the shutdown of hydro-

power plants and clean-up of reservoirs from debris and erosion runoff. From a water quality 

perspective, water may become contaminated with toxins and other difficult to remove unde-

Maps of Burn Areas in 2020 Near Watersheds  
Critical for Agricultural Production 

 Figure 26  

SOURCE: Sierra Nevada Conservancy. 

https://sierranevada.ca.gov/2020-megafires-create-risks-for-californias-water-supply/
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sirable materials from burned structures and infrastructure.212 Using this water could have 

impacts on crop growth and potentially even food safety. From a water quantity perspective, 

debris in reservoirs reduces water storage capacity within the reservoir leading to more less 

water being delivered, which is a significant issue for water-scarce regions. 

As Figure 26 shows on the left, the 319,000 acre North Complex Fire in Butte County burned 

around the Feather River and Lake Oroville, distributing critical water to the State Water  

Project, including for agricultural uses in San Joaquin Valley and Southern California. On the 

right, the Creek Fire in the San Joaquin Valley burned 380,000 acres around the headwaters  

of the San Joaquin River that flow to Madera and Friant-Kern canals, two major parts of the 

Central Valley Project.

Air Pollution and Greenhouse Gas Emissions 

California’s agricultural sector is a major producer of air pollution and greenhouse gas emis-

sions. The California Air Resources Board (CARB) estimates that agriculture is the fifth-largest 

source of California’s greenhouse gas emissions, with 32 million metric tons of carbon dioxide 

equivalent.213  Most of these GHG emissions are attributed to methane from dairy cows generated  

by enteric fermentation and manure management. Responsible for 56 percent of the state’s 

methane production, the agricultural sector emits the most methane of any sector in the state, 

producing 22 million metric tons of carbon dioxide equivalent. SB 1383 limited statewide emis-

sions to 40 percent below 2013 by 2030, which includes a 40 percent reduction specifically for 

dairy and livestock manure management. In addition to methane, CARB estimates that approxi-

mately 3.8 percent of the state’s Nitrous Oxide (NOx) budget comes from cropland soils. However, 

this number is likely higher because the original study was geographically limited.214 Reducing 

emissions from the agricultural sector will be necessary for California to meet its  

2030 greenhouse gas reduction targets. 

213  A.T.S Chow et al. Wildfires are Threatening Municipal Water Supplies, Eos, (12 August 2021).  

214  Frank Jimenez, State of California Legislative Analyst’s Office, Assessing California’s Climate Policies-  
Agriculture (December 15, 2021).  

215  M. Almaraz, et. al. supra note 175. 

213

215

214

https://eos.org/science-updates/wildfires-are-threatening-municipal-water-supplies
https://lao.ca.gov/Publications/Report/4483
https://lao.ca.gov/Publications/Report/4483
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California Greenhouse Gas Emissions, 2019 Figure 27  

SOURCE: Frank	Jimenez,	California	Legislative	Analyst’s	Office, Assessing California’s Climate  
Policies- Agriculture,	Figure	2,	(December	15,	2021).	

https://lao.ca.gov/Publications/Report/4483
https://lao.ca.gov/Publications/Report/4483
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Rising greenhouse gases in the atmosphere are fueling higher recorded temperatures.  

Hot temperatures disproportionately impact the primarily Hispanic and Latino farmworkers, 

resulting in heatstroke or compounding existing problems, including cardiovascular disease, 

respiratory disease, kidney failure, and premature births. 

Air pollution caused by carbon emissions from the agricultural sector particularly affects resi-

dents in the San Joaquin Valley. The San Joaquin Valley is classified as an “extreme” nonattain-

ment area for the Clean Air Act 8-hour ozone standard. The basin traps air, especially on hot 

summer days, when an inversion is more likely. While farms were historically exempt from air 

permit requirements that applied to other industries, substantial improvements have been 

made since 2000 with rules for agricultural internal combustion engines, rules on contained 

Breakdown of California’s Agricultural Emissions, 2016 Figure 28  

SOURCE: Dairy Digester Research and Development Program (DDRDP) Report of Funded Projects  
2015-18, Figure 1, (January 2019). 

https://www.cdfa.ca.gov/oefi/ddrdp/docs/DDRDP_Report_January2019.pdf
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animal feed operations, and phase-outs of open agricultural burning by 2025. However, the 

region will still require additional steps to curb emissions from heavy-duty machinery and  

other mobile sources.215 Air pollution is a major environmental justice issue for the region,  

with Hispanic/Latino populations exposed to greater respiratory risk than other groups.

216  See e.g., San Joaquin Valley Agricultural Equipment Incentive (California Air Resources Board initiative  
to assist in a transition to cleaner agricultural engines for the region).

National Air Toxic Assessment, Respiratory Risk, San Joaquin Valley (2002) 
(left image) and High Percentage Hispanic/Latino Population by Zip Code, 
San Joaquin Valley (2009) (right image)  

 Figure 29  

SOURCE: Joint Center for Political and Economic Studies, Place Matters for Health in the San Joaquin 
Valley: Ensuring Opportunities for Good Health for All,	(March	2012).	

https://chhs.fresnostate.edu/cvhpi/documents/cvhpi-jointcenter-sanjoaquin.pdf
https://chhs.fresnostate.edu/cvhpi/documents/cvhpi-jointcenter-sanjoaquin.pdf
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In addition to the production-related emissions, there are substantial diesel emissions associated 

with the cold chain to ensure the freshness of products. The cold chain refers to managing the 

temperature for perishable products from the farm through the distribution chain. This includes 

refrigerated transportation, warehouses, and refrigerated cases in grocery stores. California 

has recently adopted a resolution requiring all-diesel-fueled refrigerated trucks to be emission- 

f ree by 2030 to address the increasing number of transport ref rigeration units (TRUs) 

equipped with 25 horsepower or smaller engines that presently have less stringent particulate

Currently Available Zero Emissions Truck Refrigerated Unit Technology  Figure 30  

SOURCE: California Air Resources Board, 2022	Amendments	to	the	Airborne	Toxic	Control	Measure	for	
In-Use	Diesel-Fueled	Transport	Refrigeration	Units	(TRU)	and	TRU	Generator	Sets,	and	Facilities	Where	
TRUs Operate,		(March	17,	2022).

https://ww2.arb.ca.gov/resources/fact-sheets/2022-amendments-tru-atcm
https://ww2.arb.ca.gov/resources/fact-sheets/2022-amendments-tru-atcm
https://ww2.arb.ca.gov/resources/fact-sheets/2022-amendments-tru-atcm
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matter emission standards than larger engines. When implemented between 2022 and 2034, 

the emissions from TRUs will be reduced by 1,258 tons of PM 2.5, 3,515 tons of nitrogen oxides, 

and 1.42 million metric tons of greenhouse gases, with a benefit ranging from $29-134 million 

from 2022 to 2034.216 As an additional and important co-benefit, the implemented amend-

ments would reduce individual residential cancer risk from transport refrigeration unit opera-

tions by 72 percent by 2030. In January 2021, CARB concluded that 40 percent of the facilities 

where TRUs operate are disadvantaged communities.

Freezing and refrigeration of products are the most significant post-harvest greenhouse gas 

generators. Particularly problematic is the leakage of hydrofluorocarbons from refrigerators, 

with EPA estimating that supermarkets are leaking an average of 25 percent of their refriger-

ants annually.217 In California, hydrofluorocarbons (HFCs) account for 4 to 5 percent of green gas 

emissions in California which includes leaking refrigeration units. HFCS have hundreds to thou-

sands of times more greenhouse gas warming potential than carbon dioxide. On December 29, 

2021, CARB adopted a rule prohibiting the use of certain HFCs for refrigeration.218 Under the 

regulation, any person who sells, leases, rents, installs, or uses a product is not permitted to 

install new or modify specific refrigeration equipment that uses listed HFCs. This applies to 

household refrigerators and supermarket refrigerators. Only new cold storage warehouses are 

regulated as of January 1, 2023. Existing cold storage warehouses are not regulated. Implement-

ing more efficient cooling technologies have the potential to reduce greenhouse gas emissions.

B. Social and Public Health Challenges

Fragility of Supply System

Throughout the COVID-19 pandemic, supply chains have been disrupted. California’s agriculture 

producers experienced “Containergeddon,”219 with, in some cases, empty containers being 

 

217  2022 Amendments to the TRU ATCM; California Air Resources Board, Proposed Amendments to the  
Airborne Toxic Control Measure for In-Use Diesel-Fueled Transport Measure for In-Use Diesel-Fueled Transport 
Refrigeration Units (TRU) and TRU Generator Sets, and Facilitates where TRUs Operate, Resolution 22-5  
(February 24, 2022). 

218  U.S. EPA, (n.d)  Green Chill Advanced Refrigeration Partnership, Prioritizing Leak Tightness During  
Commercial Refrigeration Retrofits.  

219  17 CCR Sections 95371- 95379. 

220  Colin Carter et al, “Containergeddon and California Agriculture,” Agricultural and Resources Economics  
ARE Update, Vol. 25(2) (November/Dec 2021). 

217

220

219
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https://ww2.arb.ca.gov/resources/fact-sheets/2022-amendments-tru-atcm
https://www.epa.gov/sites/default/files/documents/GChill_Retrofit.pdf
https://www.epa.gov/sites/default/files/documents/GChill_Retrofit.pdf
https://s.giannini.ucop.edu/uploads/pub/2021/12/20/v25n2_1.pdf
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shipped back from California ports to Asia. Before the pandemic, one-third of the containers 

shipped overseas from California ports would have transported California farm products to Asia.  

Due to delays in shipping, the rushing of containers back overseas (71% of export containers  

in California were sent back empty), and the closing of ports, California’s agricultural exporters 

shipped fewer agricultural goods from California between 2020 and 2022. In 2021, California 

farmers lost between May and September approximately $2.1 billion of export value.220 The 

industries most impacted included nuts ($520 million lost in foreign sales), wine ($250 million  

in foreign sales), rice ($120 million in foreign sales), processed tomatoes and dairy. 

In October and November 2021, foreign shipping carriers rejected 177,938 containers worth 

hundreds of millions of dollars of California agricultural exports that would have been shipped  

to Asia. The Federal Maritime Commission investigated whether the carriers’ refusal to export 

U.S. cargo was a violation of the Shipping Act. As of 2022, at least one public settlement has  

been reached with a foreign carrier. 

To attempt to alleviate congestion at the ports, the Port of Los Angeles and Long Beach began  

to operate 24 hours around the clock every day of the week. The USDA entered into a partner-

ship with the Port of Oakland to create a new location for filling empty shipping containers with 

agricultural commodities for export. The Biden administration signed into law the Ocean Ship-

ping Reform Act in June 2022 designed to address supply chain disruption and inadequate 

vessel service.

Access to Food 

Despite California being the nation’s land of agricultural bounty, many Californians do not have 

adequate access to this food. Food access is particularly a problem in areas of major food pro-

duction such as Fresno, Kern, and Tulare counties. Census tracts are classified as food deserts if 

there is a poverty rate of 20 percent or more or a median family income at or below 80 percent 

of the statewide median family access, and at least 500 persons or 33 percent of the population 

live more than one mile from a supermarket. Fresno, Kern, and Tulare, respectively, have 13.6, 

17.9, and 20.5 percent of their areas classified as food deserts.221 Many of these food-insecure 

individuals are likely to be farmworkers.  

 

 

221  The port of Los Angeles shipped 18 percent fewer containers with agricultural products. Long Beach  
and Oakland, respectively, shipped 15 and 34 percent fewer containers. 

222  Mika Leslie, Agriculture and Food Access in California (June 4, 2021). 

221

222

https://storymaps.arcgis.com/stories/e92d92db0acd43958e850fdd0b53d813
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Food Deserts in California Figure 31  

food distri

SOURCES: U.S. Department of Agriculture. 

Food Deserts
in California

Food Deserts
Per Census Tract

1%
5%
10%

50%

100%

Agriculture Production
By County Ranking

1 - 11
12 - 23
24 - 35
36 - 46
47 - 58

0                    100                   200
Miles

N



A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    105

In addition to rural communities, numerous lower-income urban neighborhoods lack access to 

healthy food.222 Existing state-based programs designed to improve food access include Supple-

mental Nutrition Assistance Program/CalFresh; Special Supplemental Nutrition Assistance 

Program for Women, Infants, and Children; and the National School Lunch and Breakfast Pro-

gram. In 2019, these programs supported financial access to food for 10 percent of California’s 

population (3.7 million).223 The majority of the recipients were families with children, elderly, or 

disabled. Of the households supported by these programs, 53 percent of the households were 

at or below 50 percent of the federal poverty level.224 In 2021, challenges persisted in large urban 

areas, with one study finding one out of 10 residents of Los Angeles struggling with food insecurity. 

Most of these residents were low-income women, Latino, and between 18-40. More than 

three-quarters of the census tracts in the Los Angeles region that are “food deserts” had no food 

assistance providers.225 

One of the community responses to improving food access within urban areas has been urban 

agriculture projects. To facilitate these projects, it may be necessary to change zoning to allow 

small-scale farmers or community gardens to operate within city limits and provide affordable 

water. California incentivizes urban agriculture projects through the “Urban Agriculture Incen-

tive Zone,” which offers reduced property tax assessments for lots that have been converted to 

agricultural use for a period of at least five years.226 Urban agriculture projects are not just about 

food production but also serve an important socio-cultural role for many communities as an 

informal community interaction space.

Food Waste and Loss

Californians put around 6 million tons of food waste into the garbage annually, which consti-

tutes an average of 18 percent of all the material going into landfills.227 In urban areas, organic  

 

223  In San Francisco and the San Jose metro area, 171 low-income neighborhoods have low food access ac-
counting for 17 percent of San Francisco’s neighborhoods and 21 percent of San Jose’s neighborhoods. Steph-
anie Sierra and Lindset Feingold, “’Food deserts’: Nearly 900 neighborhoods across the Bay Area have limited 
access to food,” (November 20, 2021).  

224   California CalFresh (January 15, 2021) Center on Budget and Policy Priorities.  

225  Id. 

226   Public Exchange, “Enough to Eat: The Impact of COVID-19 on Food Insecurity and the Food Environment  
in L.A. County, April 2020-September 2021.”  

227  CA. Govt. Code 50142. 

228  CalRecycle, Preventing Food from Reaching the Landfill.  

223

228

227

226
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224

https://abc7news.com/food-desert-bay-area-deserts-pantry-near-me-alameda-bank/11254529/
https://abc7news.com/food-desert-bay-area-deserts-pantry-near-me-alameda-bank/11254529/
https://abc7news.com/food-desert-bay-area-deserts-pantry-near-me-alameda-bank/11254529/
https://abc7news.com/food-desert-bay-area-deserts-pantry-near-me-alameda-bank/11254529/
https://www.cbpp.org/sites/default/files/atoms/files/snap_factsheet_california.pdf
https://publicexchange.usc.edu/wp-content/uploads/2021/10/Enough-to-Eat.pdf
https://publicexchange.usc.edu/wp-content/uploads/2021/10/Enough-to-Eat.pdf
https://calrecycle.ca.gov/organics/food/
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material is even higher, with San Mateo County landfilling 71 percent of organic waste.228 This 

includes food from consumers, retailers, and wholesalers. Farms may also waste food when they  

do not harvest edible food due to poor market prices or insufficient harvest labor. It is harder to 

quantify these food losses. One study found between 2016 and 2017, based on measurements in 

123 fields for 20 hand-harvested crops, that approximately 11,300 kg per hectare of edible food 

was abandoned or not harvested for a total farm-level food loss of 33.7 percent of yield.229 

Increasing amounts of food waste is landfilled, leading to increased methane emissions. To 

reduce short-lived climate pollutants like methane by 40 percent from 2013 levels by 2020, 

California passed legislation (Senate Bill 1383) in 2016 to reduce the amount of organic waste 

ending up in landfills with targets of 50 percent reduction by 2020 and 75 percent reduction by 

2025. By 2025, 20 percent of food waste that remains edible should be redirected to food-insecure 

communities with the remainder going into resource recovery projects. These goals have been 

difficult to achieve by local governments as municipalities do not know how much organic waste 

is entering specific landfills. According to CalRecycle,  California did not meet its 2020 goal. 

Starting in 2022, under more recent Senate Bill 1383 regulations, municipal governments are 

also required to take measures to prevent organic waste from ending up in landfills including 

accelerating composting of residential food waste.230 Cities are taking a variety of approaches. 

San Luis Garbage Company, the City of San Luis Obispo’s contract waste hauler, partnered with 

Hitachi Zosen to construct and operate an anaerobic digestion facility to turn organics into 

compost and generate electricity from the methane that it generates.231 Similar projects exist in 

Los Angeles County that generate 20 megawatts of power to cover the electricity needs of the 

plant and to be used as fuel by natural gas vehicles at a sanitation district fueling station.

Food Safety

California’s food safety is regulated by the U.S. Food and Drug Administration (FDA) and the 

California Department of Public Health’s Food and Drug Branch. California has been the source 

of multiple food safety issues in the past few decades, particularly with leafy greens. In 2007,  

 

 
229  Rethink Waste, South Bayside Waste Management Authority, SB 1383: State Organics Law.  

230  Gregory Baker et al. “On-farm Food Loss in Northern and Central California: Results of Field Survey  
Measurements” Resources, Conservation, and Recycling, Vol. 149 (October 2019): 541-549.  

231  California Health and Safety Code Section 39730.6; Senate Bill 1383; See also, Cal Recycle, Final regulations 
for Implementing Short-lived Climate Pollutants: Organic Waste Reductions (November 2020).  

232   Kompogas SLO. 
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https://rethinkwaste.org/businesses/laws-ordinances/sb-1383-state-organics-law/
https://www2.calrecycle.ca.gov/Docs/Web/118368
https://www2.calrecycle.ca.gov/Docs/Web/118368
https://kompogas-slo.com/
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after an e. coli outbreak, California green farmers entered into a voluntary agreement, “Califor-

nia Leafy Green Products Handler Marketing Agreement (LGMA),” to improve food safety prac-

tices across the state by taking specific safety measures during the growing and harvesting 

process. These measures include eliminating the use of untreated surface water for overhead 

irrigation of leafy greens close to harvest and pre-harvest testing of products grown in fields 

with proximity to wild/domestic animals. Farmers who have adopted the agreement represent 

70 percent of the leafy greens grown in the U.S and are subject to mandatory audits through-

out the growing season covering environmental assessments, water use, soil amendments, 

worker practices, field sanitation, and records.232 LGMA members must comply with food safety 

standards or be subject to decertification, which can impact contracts. Through LGMA, field-

based food safety practices have improved. 

In recent years, the U.S. FDA and the California Department of Food and Agriculture have col-

laborated to better understand foodborne illness outbreaks. In 2019, the U.S. experienced three  

E. coli outbreaks tied to the consumption of lettuce and leafy greens from the Salinas Valley. 

The outbreak was caused by cattle fecal contamination that was transported either by water, 

wind, animals, or vehicles to the vegetable fields or to the water source used to grow the vege- 

tables. Work is ongoing through programs such as “California Ag Neighbors” to understand 

how pathogens enter the food supply and how the agricultural industry, particularly the leafy 

green industry and cattle ranchers, can continue to reduce food safety risks.233 

Obesity

Because food access is a recurring challenge for California, the quality of food consumed can  

be a public health issue. In a 2016 report on obesity in California, the California Department of 

Public Health, in collaboration with the University of California, observed that 27 percent of 

Californians were considered obese in 2014—a 40 percent increase from 2001.234 Obesity rates  

for black women (49.8%) were five times higher than for white women (22.9%) and 50 percent 

higher for Latina women than among non-Latina white women (22.9%). 

 

233  California Department of Food and Agriculture, Marketing Branch, California Leafy Green Products Handler 
Marketing Agreement; Leafy Green Marketing Agreement, Annual Report 2020/2021. (Indicating that members 
are subject on average to four audits per year including one unannounced audit.) 

234  FDA Partners with the California Department of Food and Agriculture, Western Center for Food Safety,  
and California Agricultural Stakeholders to Enhance Food Safety (November 19, 2020).  

235  California Department of Public Health, Nutrition Education and Obesity Prevention Branch, “Obesity in 
California: The Weight of the State, 2000-2014” (2016). 
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https://lgma-assets.sfo2.digitaloceanspaces.com/content-images/2015-0504-LGMA-Marketing-Agreement.pdf
https://lgma-assets.sfo2.digitaloceanspaces.com/content-images/2015-0504-LGMA-Marketing-Agreement.pdf
https://lgma-assets.sfo2.digitaloceanspaces.com/downloads/LGMA-AnnualReport-20-21.pdf
https://www.fda.gov/food/cfsan-constituent-updates/fda-partners-california-department-food-and-agriculture-western-center-food-safety-and-california
https://www.cdph.ca.gov/Programs/CCDPHP/DCDIC/NEOPB/CDPH%20Document%20Library/RES_CAObesityReport_Website.pdf
https://www.cdph.ca.gov/Programs/CCDPHP/DCDIC/NEOPB/CDPH%20Document%20Library/RES_CAObesityReport_Website.pdf
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While the issue of obesity cuts across all income groups, the lowest-income Californians (with 

household incomes 100% below federal poverty levels) had an obesity rate of 31.4 percent com-

pared to high-income groups (500% above the federal poverty level), with an obesity rate of 22.5 

percent. Obesity statistics among adolescents in the 7th and 9th grades also reflect an economic 

divide. Children from poor families have an obesity rate that is double that of children from 

families without an economic disadvantage (23.9% of the population versus 11.9%). While the 

prevalence of obesity among adolescents between the ages of 12 and 17 declined slightly be- 

tween 2011 and 2014, the obesity numbers were slightly higher for children between the ages  

of 2 and 11. Children coming from the most impoverished households had much higher rates  

of obesity (19%) than children from less impoverished households (7.8-10.8%). 

High rates of obesity are expensive for public health with increasing rates of chronic diseases, 

including type 2 diabetes, heart disease, and cancer. One research report found that $81 billion  

in health care costs could be saved in California by 2030 by reducing the average adult body 

mass index (BMI) by 5 percent through improved diet and exercise. 235

TAKEAWAYS: Food production has become increasingly challenging in the Golden State. Due 

to a combination of more demand for water coupled with ongoing drought conditions, Califor-

nia’s “business as usual” agriculture faces uncertainty. Legal interventions, including the Sus-

tainable Groundwater Management Act, exist, but sustainability measures under these acts 

have not yet been broadly implemented. Longer and hotter wildfire seasons pose additional 

challenges. Climate change and social issues around access to food for food-insecure popula-

tions in California pose specific challenges to the future of California’s food systems. 

236   Id. 

236
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PART V.  

ORIGINS OF CALIFORNIA FOOD SYSTEMS 

This section contains background information about California’s food systems meant to present 

historical context in order to construct future scenarios for the state. The previous sections have 

covered the “present” landscape of food systems, and this section will look towards California’s 

past to understand how California came to be a national leader in food production. 

The intensive agricultural landscape of California in the 2020s is unsurprising when viewed in 

the context of historical developments. Several origin themes are essential to understanding 

how California came to be an agricultural bonanza state having a wide sphere of influence over 

national and international food systems. Good fertile land, substantial amounts of capital invest-

ment, extensive irrigation, the transcontinental railroad/highway network, and cheap labor have 

all bolstered the California food system. 

Indigenous Roots

Before Spanish expansion into what is today California, hundreds of thousands of aboriginal 

California Indians lived in typically small groups and harvested abundant food sources from both 

the land and sea. Tribal members living in river and coastal zones harvested and dried salmon, 

trout, and eel. Tribes living near the ocean and coasts consumed seaweed, clams, mussels, crabs, 

abalones as well as numerous sea mammals. Other tribal groups relied on insects for reliable 

protein including grasshoppers, locusts, crickets, caterpillars, and worms. Additional foods that 

formed a regular part of the diet for some tribal groups included acorns, root bulb of the tule 

plant, elderberries, manzanita berries, muskmelons, grass seeds, pine nuts and prickly pear 

cactus. Salt was a prized commodity harvested from seaweed, mineral deposits, and saline 

water.236 Descendants from these aboriginal groups of people continue to harvest and prepare 

traditional food, although few depend exclusively on these food sources for subsistence. 

237  Nicolle Mullen, California Indian Food and Culture, Phoebe A. Heart Museum of Anthropology and the  
Regents of the University of California, Berkeley, 2003.

237
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Regions of Indigenous California with Typical Traditional Foods Source 
of “Culture Areas” 

 Figure 32  

SOURCE: Nicolle Mullen, California Indian Food and Culture, Phoebe A. Heart Museum of Anthropology 
and the Regents of the University of California, Berkeley, 2003.
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Aboriginal California Indians had resilient food systems grounded in cultural practices. Groups 

conducted several ceremonies designed to mediate between the human world and the 

non-human world. Tribes in the Northwest held a World Renewal ceremony to create connec- 

tion with the world of spirits and avoid poor acorn harvests or salmon runs. Tribes in Central 

California held Kuksu dances to ensure the renewal of plants and animals. Across the diversity of 

peoples, there was generally sufficient food allowing even for trade in some instances. Most of 

the food resources were gathered from common lands, but some tribes had designated prop-

erty interests in certain food harvesting locations. For example, some Northwestern groups had 

leadership that asserted private ownership over oak groves and fishing areas.237 

While most California Indian people harvested managed food resources across a landscape,238 

some California Indian people living along the Colorado River engaged in more localized flood 

plain agriculture including the Yuman groups (Mohave, Yuma, Halchidhoma, and Kamia) who 

grew maize, beans, and pumpkins.239 According to at least one anthropological theory, more 

California aboriginal groups did not pursue agricultural practices because of rainless summers 

and the capacity for villages to sustain quality local food production from either nut-based 

(acorn, pine nut, mesquite pod) economies or nut-marine based economies.240 

Missions and Secularization

The food systems of the aboriginal California Indians were irreversibly disrupted by the arrival of 

the Spanish from Baja California to Alta California and the establishment of 21 missions across 

the state between 1769 and 1823. 

The Spanish saw California Indians as easy labor and settled their missions in areas where tribes 

generally lived with the goal of exploiting their labor. For tribal members coerced into working 

at missions, the hunting and gathering lifeways and agroecology lifeways were soon supplant-

ed by livestock and field agriculture using imported seeds. Cattle raised for meat, hides, and 

tallow soon transformed landscapes; foxtails, ryegrass, fescue, cheatgrass, and other plants 

transported from Europe in ship holds replaced native perennial grasses and flowering plants.  

 

 
238  State of California Native American Heritage Commission , n.d. Short Overview of California History,  
Regional Lifeways.  

239  There is evidence that some groups like the Owens River Paiute used “vegeculture” as a food strategy  
by diverting water from river courses to water natural plant growth.  

240  Lawrence Jelinek, Harvest Empire: A History of California Agriculture (San Francisco, Boyd & Fraser: 1982): 6 

241  Id. at 8. 
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 Spanish Missions of Alta California Figure 33  

SOURCE: Spanish Missions in California. 

https://upload.wikimedia.org/wikipedia/commons/thumb/3/3d/SpanishMissionsinCA.png/525px-SpanishMissionsinCA.png
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Escaped hogs from missions overran native habitats consuming acorns that were one of the 

major food sources for California Indians. Missions replaced oak forests with wheat fields. 

The missions changed labor practices in California around food production by creating a spe- 

cialized labor force around commodity production; most of this labor force was coerced and 

many indigenous people were decimated by disease. The Franciscan padres, such as those at 

Mission San Jose, depended on Indian and Spanish vaqueros to tend livestock that ranged 

freely across broad areas. In addition to the missions, the Spanish government established 

approximately 30 ranchos for grazing cattle to support presidios as military outposts. With a  

shift from small, localized food production systems to feed the missions to production-level 

cattle farms, Spanish California began to trade extensively in livestock-related commodities 

including meat, hides, and tallow (for soap and candles). 

After the departure of the Spanish when Mexico secured its independence in 1821, the Mexican 

Republic began to grant land to colonists in Alta California, including grazing permits. These 

land grants culminated in Mexico’s “Secularization Act” in 1833 meant to close the missions. Its 

1834 regulations removed land from missions and put it into the hands of typically provincial 

elites.241 Between 1834 and 1846, 813 land grants covering 13-14 million acres (1/4 of Alta Califor-

nia) were issued.242 Even though the California Indians should have been beneficiaries of the 

Secularization Act and received large swaths of California land, in practice, the Mexican govern-

ment assigned private property rights or rancho land grants to upper-class families. In fact,  

only a small proportion of these ranchos were assigned to Indian grantees (e.g., Olompali near 

Novato, Rancho Posolmi near Mountain View). Instead, Mexican citizens who settled in Califor-

nia, known as Californios, primarily owned these ranchos, and they sold a combination of meat, 

tallow, and hides. 

During this period, California became connected to the rest of the world with the opening of 

the ports of Monterey and San Diego to meet the supply needs of Alta California. Boston-based 

ships began to call into these ports to acquire hides (referred to as “California bank notes”) from 

the ranchos to be used in leather shoe manufacturing. The ranchos also included vineyards, 

orchards, and croplands. Some Aboriginal California Indians, who had survived the Mission Era, 

continued to work as vaqueros. 

 

 

242   National Park Service, Ohlone/Costanoan Indians of the San Francisco Peninsula and their Neighbors,  
Yesterday and Today.  

243   Jelinek, supra note 250 at 18.
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The reworking of the landscape was substantial over the years influenced by Spanish and Mexi-

can governance. The stock population (cattle, sheep, goats, and swine) varied between 1807 and 

1834 from 285,000 to 400,000 animals. Using primarily aboriginal labor, the missions began to 

construct dams, reservoirs, and aqueducts to support field agriculture on the semi-arid lands 

adjacent to missions.  

Gold Rush Years

Prior to the arrivals of thousands of would-be gold miners, several hundred Americans arrived 

from the Midwest to cultivate fields in the lower Sacramento Valley, the Delta, and other fertile 

valleys. One of the most successful of these farmers was John Sutter (of Sutter’s Mill fame), who 

grew hundreds of acres of grain in 1848 when gold was discovered. He ultimately lost control 

over his agricultural lands following the Gold Rush. The population boomed from 26,000 in 1849 

(not counting California Indians in the census) to 224,435 by 1852.  

After the Mexican-American war, California, which had increasingly become an economic colony 

for the U.S. as a hide port, became part of the United States in 1850. The number of cows continued 

to expand from approximately 396,000 head of longhorn across 21 missions to a count of 

500,000 head in just four counties by 1850.243 The economy based on hides changed to an 

economy based on beef with a head of cattle peaking in 1849 at $500 a head before eventually 

earning $50-150 a head in the 1850s.244 

Mutton also became a major staple. Stockmen increased the number of sheep from 20,000 in 

1849 to 1 million in 1860 and eventually 2.75 million in 1870. Wool from some of these sheep was 

eventually shipped to the U.S. North during the Civil War. 

After the 1848 discovery of gold in Northern California, Southern California rancheros began  

to supply the gold fields with meat but soon were in competition with cattlemen from other 

States to meet the demand of miners. California ranchers who were not associated with ran-

cheros began to focus on breeding better stock and investing in fattening ranches rather than 

pursuing open-range cattle.245 With more and more American squatters arriving and attempt-

ing to homestead on ranchos and public lands, Congress passed the 1851 Land Act which ended  

 

 

244  Michael Casey, History of Longhorns in California.  

245  Jelinek supra note 250 at 24  

246   Id. at 23
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244
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http://www.fairlealonghorns.com/Default.aspx?id=559&Title=HistoryinCalifornia
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up transferring millions of acres from ranchos to white settlers by shifting the burden of proof 

to Californios to demonstrate land ownership which was impossible to do since no commissioner 

read documents written in Spanish.246 

Wheat production flourished during the Gold Rush years to support mining operations. At the 

end of the peak mining era in 1852, agriculture was no longer in constant competition for land 

and water resources with the “boom and bust” of metal extraction. For miners that did not 

return east, some miners traveled to the Central Valley and California’s coast to invest in agricul-

ture. The 1866 Land Act provided more control for agricultural landowners over landholdings 

and protected land that might have been previously subject to mining leading to potential 

trespass and crop destruction. Notably, the U.S. Land Commission would make final grants of 

title after considering whether a miner claiming interests in a 40-acre region could prove the 

land was more valuable for mining than for farming. 

In regions where mining claims were active, water infrastructure and transport infrastructure 

were eventually repurposed from mining. Ditches connecting snowpack from the High Sierras 

to mining sites were repurposed for agricultural irrigation uses in the Sierra foothills. California’s 

water rights system was born from the nexus of California geography and industry. Unlike 

Eastern states, the English common law approach of riparian rights (right to use water adjacent 

to land) was insufficient for California farming because the land was too arid, and many farmers 

had parcels not adjacent to waterways. As mining infrastructure, such as flumes, was repur-

posed, a system of “prior appropriation” emerged where users who were “first in time” would 

have a right to access certain quantities of water. 

Building on the trade networks of the missions and ranchos, “farming began to assume monu-

mental proportions in the rich Central Valley and in the coastal valleys around San Francisco 

Bay.”247 Taking advantage of a Mediterranean climate encouraging longer growing seasons, 

farmers began cultivating f ields, orchards, and vineyards at commercial scale and not as  

market gardens.

Early on in California’s history, the state government provided bounties to diversify crops, includ-

ing for silk, coffee, bananas, tea, sugar cane, pineapples, rice, tobacco, and cotton. California also 

imported some crop varieties, such as plum trees from Japan and grapevines from continental 

247   Id. at 26.  

248   Larry Dilsaver, “The Development of Agriculture in a Gold Rush Region,” Yearbook of the Association  
of Pacific Coast Geographers (1986), Vol. 48: 68-88 at 73. 

247

248
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Europe.248 Unfortunately, many of these experimental crops did not thrive. However, some 

experiments proved successful like the Washington Navel Orange. A Presbyterian missionary in 

Bahia, Brazil sent these trees to the U.S. Department of Agriculture as a new import. In 1873, the 

Tibbets family planted two winter-ripening navel orange trees in Riverside County. Eventually 

shoots from these trees were grated to thousands of other trees that had been planted during 

the mission years. By 1889, more than a million navel orange trees were imported with over 5.5 

million in production by 1900. Producers added the summer-ripened Valencia tree into produc-

tion, and by 1910, California was producing over $12 million of oranges.249 

The state also encouraged immigrants, particularly from Europe and Asia, to come to California 

to contribute to agricultural production.250 However, immigrant farmers who arrived in the 19th 

century—both white and non-white—were often not welcomed by existing white settlers. 251

The Other Gold

The grain boom during the Gold Rush era was a significant economic driver in California. In 

1860, California produced the most barley in the country. However, barley was soon eclipsed by 

wheat with 6 million bushels grown in 1860, 16.8 million bushels by 1870, 29 million bushels in 

1880, and 40.9 million bushels in 1890. Most of this wheat was grown in the Sacramento and 

Northern San Joaquin valleys. From late 1870 until around 1890, at least a quarter (and up to 

three-quarters) of the grain shipped from the United States to Great Britain was from California. 

Great Britain was the world’s largest grain market at the time and had removed all import 

barriers around wheat importation to be able to feed its growing urban populations. Prior to 

large shipments to Great Britain, California had been shipping two-thirds of its exports to Aus-

tralia and New Zealand. 

Despite its prominence in producing wheat in the mid-1800s, global competition soon shifted 

California’s production away from wheat. By 1890, California was the second largest producer  

of wheat in the nation, but soon slipped to the sixth by 1900. By 1904-1905, California began 

importing wheat. 

 

 

249  Dilsaver supra note 258 at 73.   

250  Jelinek supra note 250 at 50-51. 

251   J. Baur, “California Crops that Failed”, California Historical Society Quarterly 45 (1966): 41-68 

252  Dilsaver supra note 258 at 73.  
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The story of wheat in California stands as a cautionary tale about land stewardship. The boom 

in wheat prices in the late 1800s caused farmers to perform monocropping in their fields, with 

almost no crop rotation. This practice eventually depleted the soil of essential nutrients result-

ing in a waste of soil fertility. In the early 20th century, wheat growers converted large landhold-

ings to fruits and vegetables to improve profitability. 

The Other Rush

Land laws were key to California’s long-term investments in agriculture. After the U.S. entered 

the Treaty of Guadalupe Hidalgo which recognized pre-existing Spanish and Mexican land 

grants, the U.S. set up a federal commission to investigate land claims. California designated 

certain public lands for sale in 1851-1852 in order to finance the state’s government. Rather than  

a systematic transfer of lands under the existing land laws—which would have created 50,000 

farms of 160 acres—these land sales led to a rush to obtain land patents.252 Land ownership 

became concentrated in the hands of a few speculators with only 7,008 farms. Many landown-

ers purchasing land patents were keen to develop their increasingly large farms into commer-

cial successes. To manage large farms, landowners, as indicated by trade records and censuses, 

continued to rely on aboriginal California Indian labor. 

Unlike in other states where land concentration in the hands of a few owners was ultimately 

addressed by the state government, California lands remained concentrated in the hands of a 

few elites. For example, William Chapman became California’s largest landowner in the 1860s 

when he began purchasing land through a group known as the “German syndicate.” By 1871 he 

owned 1 million acres in San Joaquin Valley in which he planted wheat and alfalfa to assist the 

cattle industry in its transition from open range to pasture.253 Another large landowner, Henry 

Miller, accumulated land by buying tracts of swampland and draining it. Exploiting a loophole, 

Miller bought the land for a given sum, claimed that the reclamation efforts cost him the same 

as the purchase, and then received reimbursals from the state. Miller also purchased script from 

war veterans who were expected to use it for land purchases and seized land as collateral when 

settlers who he had lent money to defaulted. These practices led Miller and his business part-

ner, Charles Lux, to eventually own “both banks of the San Joaquin River from west of Modesto  

to near Madera, a distance of over a hundred miles, as well as fifty-mile strip along the Kern 

253   Id. at 28.  

254   Id. at 29. Chapman’s influence on California’s future in large-scale agriculture was profound. He organized 
private irrigation with other landowners (Fresno Canal and Irrigation Company; San Joaquin and Kings River  
Canal and Irrigation Company). He also sold land to German settlers in Fresno County to create the “Central 
Colony of Fresno County.” 

253
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River.”254 Land deals were crooked with individuals like “Grain King” Isaac Friedlander acquiring 

half a million acres through a “land-laundering operation.” These lands were subsequently sold 

or leased to individual settlers including several ex-Confederate soldiers who migrated west.

California Native groups continued to be systematically deprived of land needed for their food 

production. The Yokuts people once hunted and gathered acorns and mussels in the region of 

Tulare Lake which would expand and contract annually depending on the amount of Sierra 

Nevada snowmelt. In the 1840s and 1850s, Yokuts ancestral lands were occupied by grain farm-

ers who cut down oak trees to create rangeland to feed cattle destined for the gold miners. The 

Yokuts were driven by farmer militia and federal cavalry into the foothills or onto the Kings River 

Indian Reservation.255 

Scaling Production in the 19th Century 

Early in its history, California’s government was highly involved in boosting the agricultural 

industry. The state offered tax exemptions and bonuses to immigrants coming into the state 

with crop and vine farming skills. Cattle had been king under the Spanish and Mexican ranchos 

but by the 1870s, a change in trespass law held cattlemen responsible for any damage caused 

by stock that were on the lands of others. Cattle and wheat as the mainstay of California econo-

mies were eclipsed by a diversity of new products for the California market. Viticulture—grapes 

grown for wine—was launched as a commercial enterprise in the 1850s and 1860s in response  

to some Gold Rush immigrants bringing vintner expertise from Europe and introducing new 

varietals to the region. 

Fruit orchards were planted in the 19th century. Most of the early plantings were apple, peach, 

and pear trees. Citrus groves were planted later because they needed more investment includ-

ing more water. When citrus was eventually planted at scale, the business grew quickly. In 1860, 

approximately 4,000 orange trees were planted in the southern counties. By 1870, 45,000 citrus 

trees were growing.256 By 1900, 5.5 million trees were in production. 

Beginning 1870, farmers planted sugar beets. Claus Spreckels, the “Sugar King” of Hawaii, 

launched a sugar beet processing plant. He was joined by other refiners who eventually made 

California the number one producer of sugar beets in the nation. 

255  Id. at 31. 
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Disease Control

Growers depended on the government for assistance particularly with plant diseases. In 1880, 

the Board of State Viticultural Commissioners was appointed to provide government support  

for disease control for wine grapes against diseases like phylloxera. In 1883, the State Board of 

Horticulture was created to address pests in the industry more broadly. By 1899, California 

passed the first Plant Quarantine Act to protect crops from pests being transported within 

California. Biosecurity was of early interest to California with efforts to prevent the Mexican  

fruit fly, Mediterranean fruit fly, and the alfalfa weevil from infecting fruit and cotton.  

In 1919, the State Department of Agriculture took over several agricultural management respon- 

sibilities, including horticulture and animal health management, regulation of commercial 

fertilizers, and regulation of insecticide and fungicides. Over the decades, additional responsibili-

ties were added to the Department. In the mid-1920s, outbreaks of foot and mouth disease 

spread quickly among herds. Worried about their own food systems, 37 U.S. states and territo-

ries as well as several foreign countries embargoed California goods, including not just animal 

products, but also fruits and vegetables. This embargo led to an economic downturn for some 

California farmers who were shut out of key markets until in 1929 when foot and mouth disease 

was declared eradicated. 

Mechanization 

As California strived to supply national and international markets, grain farms introduced new 

mechanical innovations and general mechanization meant to save significant labor require-

ments. The world’s first commercially successful mechanized grain harvesters were introduced  

in the 1880s with combines being extensively used by 1890.257 Much of California’s early manu-

facturing efforts focused on producing large-format farm implements for sowing and harvest-

ing to achieve faster plantings and harvests. The driver for mechanization in California was 

efficient coverage of land. For example, by 1880, California had developed equipment for seed-

ers that could seed 60 acres a day in contrast to a seed drill that would seed only 15 acres a day.258
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California continued to innovate in the late 1800s with new equipment meant to make farming 

easier and faster. Examples include track-laying tractors and tomato pickers, which were vital  

to the agriculture sector due to labor scarcities. Major mechanization companies, such as the 

Caterpillar Tractor Company who designed track-laying tractors, created a niche for agricultural 

production equipment in California. 

Droughts, Floods, and Irrigation

With recurring drought conditions in 1856, 1860, and between 1863 and 1864, water was a top 

priority for farmers and ranchers. In 1864, “an estimated 50-75% of the entire cattle population  

of Los Angeles County died of thirst or starvation.”259 By 1870, there were approximately 630,000 

cattle compared to the 3 million cattle in 1860.260 Similar droughts sparked court fights over 

water usage as large landowners struggled to source water. 

Not all years were dry, however, with 1861 and 1862 experiencing so much precipitation that it 

created a runoff lake estimated to be 250-300 miles long and 20-60 miles wide in the Central 

Valley. This flood drowned cattle and submerged agricultural fields.261 In 1887, the state adopted 

the Wright Irrigation Act, which provided for county-level irrigation to redirect water for agricul-

tural purposes wherever 50 landowners petitioned to form an irrigation district. The creation of 

irrigation districts further concentrated land in the hands of large landowners who could then 

exercise eminent domain through their boards. These landowners could then strip riparian 

rights from former owners and impose taxes to build irrigation infrastructure for their own 

benefits. Thus, irrigation districts were powerful institutional players. By 1889, 1 million acres of 

farmland (26% of California’s farms) received irrigated water, allowing for a proliferation of new 

specialty crops. 

Previously arid lands, such as the “depression in the Colorado desert” with the “spruced up 

name ‘Imperial Valley’,” became major agricultural production sites after freshwater was diverted 

from the Colorado River in 1901 by the California Development Company, which eventually led 

to the inadvertent creation of the Salton Sea when a portion of the canal collapsed.262 

 

 

260  Casey supra notes 254  

261   Jelinek supra note 250 at 27. 

262  Id.  

263   Id. at 57. 

260

262

261

263



A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    121

Unlike Eastern states, the English common law approach of recognizing riparian rights—the right  

to use water adjacent to land—was insufficient for California farming because the land was too 

arid, and many farmers had acquired parcels that were not adjacent to waterways. As mining 

infrastructure was repurposed by farmers, a system of “prior appropriation” emerged where 

users who were “first in time” would have a right to access certain quantities of water. As California 

farmland expanded after the Gold Rush, the California water rights system now included both 

“prior appropriation” and “riparian rights.”  

However, the relationship between riparian rights and “prior appropriation” rights was tested in 

the late 19th century. In Lux v. Haggin (1886)—a court case that remains highly relevant today—

the California Supreme Court decided in a narrow majority that riparian rights attached to the 

land belonging to two large-scale cattle farmers (Miller and Lux who owned 1.25 million acres of 

farmland) took precedence over prior appropriation rights based on historic irrigation use.263 The 

court concluded that riparian users could use water for agricultural purposes as long as they did 

not harm other riparian users. Today as part of a legacy of this case, riparian rights continue to 

receive precedence in the complex surface water rights system operating in California based on 

location of lands and prior use.

Human choices, however, have accelerated drought conditions and water loss for certain re-

gions that once had seasonal water systems. For example, farmers in the 19th century drained 

Tulare Lake in favor of irrigation ditches to allow for land claims for wheat production. In 1899, 

the Buena Vista reclamation levee was completed in what was formerly Tulare Lake, and the 

former lake bottom became fields. Thus, the ecosystem that once relied on the Tulare Lake for 

freshwater was destroyed. 

Water Infrastructure 

California’s agricultural landscape is a direct product of levee and ditch building across major 

inland rivers such as the Sacramento delta. 

Private irrigation efforts also expanded water delivery. The private irrigation efforts depended on 

extraction of groundwater, which increased thirty-fold between 1902 and 1950. By 1950 private 

irrigation supplied water for 50 percent of California’s acreage.264 All of this was made possible  
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 Multi-Jurisdictional California Water Infrastructure Figure 34  

SOURCE: University of California Irvine, Dennis Silverman, “California Water Projects Feeding Southern 
California.” 

https://sites.uci.edu/energyobserver/2015/04/28/california-water-projects-feeding-southern-california/
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by the availability of new pumping equipment and cheap energy. By 1950, there were 75,000 

pumping units operating across farms. Between the 1950s and 1970s, irrigation districts who  

had the power to tax and issue bonds for the purchase, construction, and operation of irrigation 

works replaced management of water by individuals and partnership.

Farmers considered large federally-subsidized water projects, such as the Central Valley Project 

adopted under the Reclamation Act of 1902, essential for California’s irrigation needs. Large 

landowners, however, quickly became frustrated with the Central Valley Project because water 

derived from the project would not “attach” to the land like a riparian water right. Therefore, 

large landowners would not disproportionately benefit from the CVP. 

After the Colorado River flooded 100,000 acres of land in the Imperial Valley of Southern California 

and created the Salton Sea, the Imperial Irrigation District sought federal support for a major 

flood project. Congress authorized the US Bureau of Reclamation Services to create the 

All-American Canal in California and a storage dam on the Colorado River. The Colorado River 

Compact was subsequently negotiated in 1922 in part because of concerns that California would 

claim to monopolize the river because it could more easily and profitably use the water and form  

a “prior appropriation right”. The Colorado River Compact that was eventually ratified in 1929 by  

all states except Arizona limited California’s consumption to 4.6 million acre-feet per year. 

In the 1960s, California began to build water storage and aqueducts as part of the State Water 

Project SWP). The federal CVP and the SWP added nearly three million additional irrigated acres  

so that irrigated acreage grew from 4.3 million acres prior to World War II to 7.4 million acres by 

1959 and eventually 8.5 million acres in 1978. 265 

Railroad, Warehousing, and Fruits and Vegetable Production

The completion of the transcontinental railroad and changes in railcar technologies were essen-

tial to California’s eventual performance as an agricultural leader, particularly for fresh products. 

Specifically, the introduction of the refrigerator car in the 1880s revolutionized the ability to ship 

fruits and vegetables, which was further supported by refrigerated warehousing. Certain areas 

of California with high density of rail lines, such as the Central Valley, benefited from the increased 

opportunities for shipments. Initial shipments east had included copious quantities of grain,  

but these products shifted over time. Southern California—now linked to the Midwest and  
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the Atlantic Coast—began to expand citrus production to encompass Riverside, San Bernardino, 

Los Angeles, Orange, Venture, Santa Barbara, San Diego, and Imperial counties. Competition 

between railroads increased the miles of tracks leading to more export opportunities. 

Other areas that were beyond the railroad expansion began to shrink as locations for commer-

cial orchards and fields. Unable to compete with better connected centers, former Gold Rush 

regions returned to raising livestock. 

Fresh produce from California was marketed and shipped to the east coast. Newly formed 

commodity cooperatives such as California Fruit Growers’ Exchange formed in 1901 took advan-

tage of this competition to negotiate low transcontinental shipping rates. California Fruit Grow-

ers’ Exchange consumer influence continues under the name of “Sunkist.” These developments 

foreshadow the significance of industry associations within California including the Challenge 

Cream and Butter Company, California Almond Growers’ Association, California Walnut Growers’ 

Association, and the Associated Raisin Company (Sun Maid Growers).

Even though improved acreage in California had peaked by 1889, practices evolved to continue 

increasing output particularly of fruits, nuts, and vegetables. In 1879, 75 percent of California’s 

cropland was being used for wheat and barley and only 5 percent for fruits, nuts, vegetables, 

and cotton. By 1929, wheat and barley decreased to only 26 percent of cropland while fruits, 

nuts, vegetable, and cotton had grown to about 35 percent of the cropland. Two proposed 

reasons for the transition were decreases in interest rates on loans from banks giving farmers 

more confidence in investing in orchards and more successful experimentation with plant 

varieties than in the past. 

Federal Land Grants and Creation of Agricultural Colleges

The federal government supported the growth in California agriculture with federal land grants 

through the Morrill act to support the founding of agricultural colleges. California invested early 

in disseminating horticulture practices. Institutions, including the University of California Berke-

ley (which began its University Farm and “Farm School’’ in 1908 on lands that are today part of  

UC Davis’s campus) and the U.S. Department of Agriculture, offered some of the earliest research- 

based agricultural instruction including programs on fruit production, packing, shipping, and 

marketing. As agricultural historians have commented, “The application of science, strict quality 

control in the f ields and packing houses…and a rapid and quality-conscious transportation 

system to bring fruits to the market, all supported by a commercial financial network, was the 

landmark creation of California’s agribusiness community.”266 
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California Polytechnic University San Luis Obispo began agriculture classes in 1903 with land 

being designated for student farms. In 1931 Cal Poly’s Agriculture Department was directly 

supervised by the State Bureau of Agricultural Education and became the state’s headquarters  

for Future Farmers of America. During World War II, Cal Poly was also the state headquarters for 

the Food Production War Training Program, offering instruction to 120,000 California farmers. 

What is today UC Davis offered agriculture classes beginning in 1908. The Division of Agricultural 

Engineering was established in 1915 and the school offered its first four-year degree program in 

1922 as the Northern Branch of the College of Agriculture at Berkeley. In 1959, UC Davis became  

a general campus and continues to be a leader in California agricultural research.

Processing and Mass Production

In addition to the shipment of fresh produce, California industries began to process bulk foods  

for shipment in cans and jars as well as drying fruits. In the 1880s, entrepreneurs dried bulk apples  

for export. Canning leagues and packers’ associations formed to not just prepare food to certain 

standards for export but to market food for exports. By the 1920s, California led the canned fruit 

market. Certain “new” products emerged, such as fruit cocktail—a collaboration between  

fruit producers, government agencies, and university researchers to keep fruit fresh in a can. 

California relied on canning to supply other western states, eastern markets, and overseas 

markets. With increasing populations moving to cities, canning became a critical part of a food 

security strategy to feed populations who were no longer located near farms. Among the most 

prominent of California’s canneries was “Del Monte” (of the mountain), which became a con-

sumer brand in 1916 after four packing companies merged into the California Packing Corpora-

tion. By 1937, the vertically integrated organization connecting the supply chain from growers  

to marketers had 6,611 growers, many of whom had contracts with the corporation to ship 

harvests before the planting season even began. 

The Great Depression Era of the 1930s led to a concentration of power in railroads, processors, 

and retailers who generated a vertically integrated operation. This shift was particularly critical 

for California agriculture. Banks encouraged the “monocropping” of California—where farms 

produced only single commodity crops—in order to consolidate agriculture in the hands of 

fewer players to focus on quicker investment returns. In 1929, the Bank of Italy (today the Bank 

of America) was an agricultural lender who held a mortgage on one out of every 11 farms in the 

state and was heavily invested in farm operations. The Bank owned subsidiary California Lands 

Inc., which included foreclosed farms as well as leased acres and operated “as the largest, most 
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diversified farming operation in the world.”267 During the New Deal, big agribusiness benefited 

more than other operations with two percent of California’s farmers receiving 44 percent of 

California’s Agricultural Adjustment Act crop subsidies.268 

By the mid-20th century, California was focused on scaling up production not just for fruits and 

vegetables, but also for livestock. Between 1940 and 1969, California increased its cattle produc-

tion from 1.4 million heads to 3.8 million heads through large-scale commercial feed-lot opera-

tions. This practice was exported to other states who have since surpassed California in cattle 

production. 

Fisheries

Fishery resources have long been contested in California. Aboriginal California Indians managed 

the earliest fisheries. Over-time, new entrants appeared and forced the indigenous peoples 

from their land. With the Gold Rush, white settlers began to exploit fishery resources including 

salmon, groundfish, and crab. Canneries for processing and marketing food fish have operated 

in California since the mid-1800s. The railroad played a vital role in delivering shipments from 

ports, such as Eureka, California, to larger population centers. 

In the Monterey and San Francisco Bay region (e.g., Hunters Bay) as well as other coastal  

regions, Chinese immigrants who had come to California during the Gold Rush contributed 

significantly to the growth of a fishing industry with harvests of yellowtail tuna, halibut, floun-

der, shrimp, squid, shark, and shellfish (particularly abalone) shipped from San Francisco to 

Canton, China. In 1860, the California legislature began charging a monthly tax on each Chinese 

fisherman. The fishermen eventually brought a lawsuit and prevailed on a repeal of the tax in 

1864. The discriminatory Chinese Exclusion Act passed in 1882 by the U.S. Congress further 

restricted the ability of Chinese to fish or sell their catch, and the Chinese were forced out of 

their self-sufficient community in the Monterey Bay by a combination of arson and regulations 

disallowing the community to rebuild. White immigrants particularly from Italy and Japanese 

fishermen replaced Chinese fishermen. The Chinese workforce also played a significant role in 

canneries. In the late 1880s, 86 percent of the cannery workforce was Chinese. 269 
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Fishery practices in the early 20th century experienced the same boom and bust as the Gold 

Rush and the Wheat Rush. At the turn of the 20th century, Pacific sardines were abundant.  

Without the guidance of fisheries management, fishermen began harvesting sardines using 

large-capacity purse seine nets and eventually exhausted the fishery due to a combination of 

overfishing and ecosystem changes. The sardine fisheries were closed from 1967 to 1987, briefly 

reopened, closed again, and then partially reopened. 

Labor 

Despite farming mechanization, human labor has been essential to enable California’s food 

production and processing. The history of the expansion of California agriculture is a product  

of not just the colonial enterprise, but of the privilege of capital. In terms of labor, farm owners 

sought to hire rotating farmworkers who would start work in one crop, such as wheat, and  

then rotate to another—like the grape harvest—in the subsequent season. 

Despite the need for hired labor for “field factories,” California has not historically welcomed 

agricultural workers, particularly people of color and immigrants, to participate as valued 

workers. Even without encouragement, diverse populations moved to California to seek farm 

work opportunities over the past two centuries, including Chinese, Pacific Islanders, Japanese, 

Filipinos, sub-continent Indians, Mexicans, and Midwesterners driven out by the Dust Bowl. 

Much of what forms the basis of California’s field economy today is built on Chinese labor. In 

1882, Chinese represented more than half of the total farm labor source and somewhere be-

tween a half to three-quarters of the specialty crop laborers in northern California (e.g., orchards). 

Many worked in groups that contracted with large landowners and sometimes shared horticul- 

ture knowledge that benefited the landowners. In the 19th century, Chinese were the labor  

force behind the reclamation of the Delta, including the hand-building of levees. 

Racial and ethnic hostilities against immigrants have always plagued California’s agricultural 

labor market. As Anti-Chinese hostility spread across the landscape in the 1890s, laws such as  

the Chinese Exclusion Act restricted immigration and ended the boom in inexpensive Chinese 

labor. For a period, Japanese farmers replaced the Chinese labor pool. Many of the Japanese 

farmers operated as tenant farmers introducing “new” crops in the 19th century including rice. 

However, much like their Chinese counterparts, Japanese farmers were legally excluded. In 1907, 

Japanese immigration was limited and in 1913, California passed the f irst Alien Land Law  

preventing individuals who were ineligible for citizenship from acquiring land. 
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In the 1920s, California revised the Alien Land laws to prevent American-born children of Asian 

immigrants or corporations controlled by Asian immigrants from leasing or owning land. There-

fore, new farmworkers, including Mexican nationals and Mexican-Americans, began to replace 

farmers of Asian descent, particularly in the Imperial Valley and San Joaquin Valley. Even though 

over 5,000 Japanese farmers and their descendants farmed over 360,000 acres of land with 

production values of around $67 million prior to the 1920s, the farmers of Japanese descent 

were increasingly squeezed out of meaningful opportunities to participate in the agricultural 

industry.270 Filipino farmers entered California in the 1920s but faced similarly relentless discrimi-

nation. Despite legal challenges, the U.S. Supreme Court upheld the discriminatory California 

laws as constitutional.

By the end of the 1920s, 70,000 Mexicans and Mexican Americans constituted almost 80% of 

California’s farmworkers. These farmworkers moved about as seasonal workers to meet harvest 

demands. Although a labor crisis in the 1920s allowed farmworkers to negotiate for fairer wages, 

California’s agricultural employers did not actually deliver better wages. 

Efforts for farmworkers to organize for better working conditions were sometimes met with 

violence from employers. In 1933, 50,000 farmworkers left the harvest to demand better working 

conditions. The National Labor Relations Act did not give farmworkers the right to unionize. In 

1936, as railroad owners and citrus farmers interfered with the ability for workers to organize, 

many farmworker strikes ended in arrests and physical harm to the strikers. Some of the inequi-

ties between labor and farm owners were publicized in books such as John Steinbeck’s The 

Grapes of Wrath. In response to public outcry, the Senate Committee on Education and Labor 

held hearings about California’s labor conditions with recommendations that federal labor laws 

that cover private sector nonagricultural workers be extended to cover farmworkers.271 This 

proposal did not pass and today farmworkers are not protected under the National Labor  

Relations Act although they are protected in California under Assembly Bill 1066, California’s 

Agricultural Labor Relations Act.

The issue of labor crescendoed as World War II exposed the tensions between California’s  

agricultural reliance on cheap labor and the U.S. need for wartime labor. When farmworkers left  

the fields for deployment or employment in wartime industries, farm owners sought assistance 

from the federal government. In 1942, the California Citrus Growers Association announced  

that half of its crop would rot in the fields due to a lack of field labor. The Governor of California 
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informed the U.S. Secretary of State and U.S. Secretary of Labor that Mexican labor was essential  

to the war effort to ensure that food could be harvested. In response to California’s need for 

farmworkers to prevent agricultural losses, the State Department negotiated with Mexico to 

initiate the bracero program in 1942, which permitted Mexican farmworkers to enter the U.S.  

for five years to work in agriculture. However, because braceros were still expected to negotiate 

contracts with their employers without federal standards, these workers received low wages.  

In fact, the program was criticized by Department of Labor staff as “legalized slavery” due to 

inadequate wages and housing. 

Although the program was supposed to conclude at the end of World War II, farm owners 

lobbied for the continuation of the program to continue cost savings for the farm owners. This 

benefited California. More than half of the 219,000 Mexicans who came to the U.S. under the 

bracero program between 1942 and 1947 went to California. In 1956, 445,000 braceros arrived to 

work primarily in California and Texas. The program continued until the civil rights movement 

ended it. It was not until 1975 that farmworkers were able to organize for collective bargaining 

under the California Agricultural Relations Act. This followed from the well-remembered strikes  

by the United Farmworkers led by Cesar Chavez. It is only beginning in 2022 that California 

farmworkers have a recognized right to overtime pay.

California Agriculture Code and Subsequent Legislation

In the 1930s, the California Agricultural Code was adopted that brought together several  

previous enactments including laws involving fertilizers, insecticides, fungicides, and weights. 

The California legislature subsequently passed the California Marketing Act of 1937 extending 

California’s marketing efforts. Starting in 1935 with the Young Act, California passed four dairy 

stabilization bills that were administered by the State Department of Agriculture. 

In 1972, California’s Department of Agriculture was renamed the Department of Food and Agricul-

ture (CDFA). The CDFA is a cabinet-level post in California with seven divisions including: Animal 

Health & Food Safety; Plant Health & Pest Prevention; Wine Grape and Citrus Pest and Disease 

Control; Marketing Services; Measurement Standards; Inspection Services, and CalCannabis.

Major 20th Century Developments

As major water infrastructure was built out, urban development pressures increased, and new 

lands were opened for production, industries began to move their centers of operations. The 
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dairy industry operating in southern Los Angeles and northern Orange counties moved first  

to San Bernardino and Riverside counties and then to southern San Joaquin Valley (Tulare and 

Merced). The citrus industry likewise moved initially to San Bernardino and Riverside and then 

to Tulare County where around 50 percent of the state’s citrus is grown. A center of non-citrus 

fruit production in the Santa Clara Valley moved from the San Francisco Bay Area to the Sacra-

mento and Northern San Joaquin regions.272 

Particularly lucrative crops began expanding. In the case of almonds, in 1950, half of the 90,000 

bearing acres of almond trees were planted in the Sacramento Valley and 25 percent in the San 

Joaquin Valley, with an average of 0.42 tons per acre. By 1970, 74,000 almond tree bearing acres 

were in San Joaquin Valley with yields doubling to 0.84 tons per acre. By 2000, 80 percent of the 

production was in San Joaquin Valley and only 20 percent in Sacramento Valley with 1 ton per 

acre.273 As Johnston and McCalla note in a report on the future of California agriculture, Califor-

nia experienced in the mid-20th century significant changes “in terms of expansion, changing 

composition, relocation, and greatly enhanced yields.”274 By 2000, California was growing 

around 350 crops as compared to 200 in 1970 to meet consumer demands for more fresh foods. 

These changes have created the foundation for today’s export-driven and high-value California 

food systems centered in the San Joaquin Valley. 

Land prices and “boom investment” mentalities have impacted farmers. In the case of almonds, 

acreage has fluctuated from $2,250 in 1970, to $8,570 in 1983, to $5,000 in 1988,275 and now to 

$15,000-$30,000 per acre depending on water access.276 Part of the more recent increase in 

acreage price has been attributed to real estate investment trusts, private equity firms, and 

out-of-state teachers’ unions diversifying investment portfolios. 
 2021).

The 1980s was a particularly grim time for some farm families with a nationwide financial crisis 

for all farms leading to foreclosure on some farms and ranches that were overextended on their 

lines of credit. For future loans, growers focused on immediate economic returns. Several  

processing plants closed (e.g., Hunts, Del Monte, Heinz) which concentrated buyers of fresh 
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produce and took away business from a number of growers and shippers.277 In response, some 

producers began integrating processing and marketing activities. Generally low interest rates 

throughout the 1990s encouraged permanent plantings in orchards and vineyards.

California producers continue to navigate expanding and contracting global markets. As the 

next section of the report explains, some of the very same issues that the industry has already 

faced in relation to unpredictable water availability, droughts, and labor shortages are likely to 

continue to be foreseeable challenges in the future.   

278   Johnston and Mccalla, supra note 289 at 20.

Trends in Nut Acreage Prices, 2010-2020 Figure 35  

SOURCE: Catherine Merlo, Up? Down? Trends in California Tree-Nut Property Values, West Coast  
Nut	Grower	Group	(May	14,	2021).
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TAKEAWAYS:

1. California agriculture and fishing as commercial enterprises has from its earliest days  

depended on undervalued human labor.

2. Early adoption of mechanization has been essential to the growth of California agribusiness. 

3. California has been developing products for export markets for almost 150 years.

4. Key laws enabled the growth of agribusiness at-scale by providing large land tracts and 

cheap water including “secularization” laws, land laws, and water infrastructure laws.

5. California has been actively experimenting with new food market options for generations 

(e.g., Brazilian orange).

6. California transitioned early in its history from large livestock operations to diversified  

farmsteads  and then to specialized crops. Part of the motivation to intensively grow  

specialized crops, which is the model for California’s agribusiness today, was financial  

underwriting by banks to promote commodity production. 

7. The state government has actively promoted and regulated California agriculture for  

over a century. 

8. Water is critical and has driven key decisions from shaping farmland and altering 

existing ecosystems to establish irrigated water sources. 

PART VI.  

TRENDS

Continued near-term water shortages for irrigation 

California agricultural abundance depends on irrigation water. Almost all of California’s crops 

rely on reliable irrigation sources. In the 20th century, farmers expected with the new major 

federal and state water projects (Central Valley Project and the State Water project) coming 

online for there to be sufficient surface water deliveries to meet irrigation needs. As farms 

expanded to nearly nine million acres of irrigated land by the end of the 20th century, however, 

more pressure was put on the surface water conveyance systems. Surface water needed to be 

distributed not just to agricultural users but also municipal users and for ecosystem survival. 

Farmers pivoted to pumping increased groundwater for irrigation leading to a drawdown of 

numerous aquifers across the State as farmers pumped more water than was being recharged 
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into the aquifer. With the implementation of the Sustainable Groundwater Management Act  

in 2014, farmers understood that certain groundwater pumping practices would need to 

change to help restore aquifers that were in jeopardy of going dry. 

As USDA data demonstrates, California’s irrigated agricultural land decreased from 1997 to 2017 

from 8.8 to 7.8 million acres due to changing water use, drought impacts on surface water 

supplies, and groundwater depletion.

 Changes in U.S. Acres of Irrigated Agricultural Land by County, 1997-2017 Figure 36  

SOURCE: USDA Economic Research Service using data from USDA, National Agricultural Statistics  
Service, 1997 and 2017 Census of Agriculture. 

https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=62562
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=62562
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All of these events that have been unfolding over the past decades have translated into ongoing 

water shortages for California farmers whose livelihoods have become increasingly vulnerable. 

The Department of Water Resources predicts a shortfall of 6-9 million acre-feet of water by 

2040. 278 In the near future without new investments in water, there will continue to be water 

shortages. The State Water Resources Control Board has historically curtailed the use of surface 

water rights numerous times in response to low-water years including in 1976-1977 and 1987-

1988. The State Water Board has continued to approve emergency curtailment measures in  

the 21st century including a 2021 order to Delta watershed water right holders. 

In response to threats of curtailments, more watersheds are likely to be trying to coordinate 

surface water use by voluntarily reducing water use and sharing what remains. In 2022, the 

State Water Board approved an agreement among Russian River users called the “Upper Rus-

sian River Voluntary Sharing Agreement” which when implemented would function in lieu of 

curtailments.279 In watersheds experiencing extreme scarcity, the success of these programs is 

uncertain. On August 5, 2022 (only a little less than 2 months after the adoption of the agree-

ment), the State Water Board temporarily suspended the program because there was insuffi-

cient water supply to share. 

The California Department of Natural Resources government of California has released a 2022 

resilience strategy with an estimate from the Department of Water Resources of a 10 percent 

reduction in water supply by 2040. The report includes as illustrated in Figure 33 a plan to adapt 

by 2040 to existing losses through a combination of increased storm capture, increased desali-

nation, increased water recycling, increased conservation and expanding storage. Meanwhile, 

farmers will have to adapt to a decline in irrigation water. 

In the immediate future, this trend suggests that farmers will have to do more with less avail-

able water which will mean tough decisions about what to grow and where to grow crops. 

Highly water eff icient crops, such as date palms (.21-.29 MAF), could replace other f ruit  

orchards.280 Some farms may cease operation because irrigation water is too expensive. 

In Part VII of this report, future promising developments in groundwater recharge and  

groundwater banking are discussed further.  

279   California’s Water Supply Strategy: Adapting to a Hotter, Drier Future, August 2022.  

280  Upper Russian River 2022 Water Sharing Agreement.  

281  Dates were first introduced into California during the Mission years in 1765; Food and Agriculture Organi-
zation, Regional Office for the Near East, Proceedings Workshop on “Irrigation of Date Palm and Associated 
Crops,” (2008) Table 3 Annual Water Consumption for Dates.     

279

280

281

https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Water-Resilience/CA-Water-Supply-Strategy.pdf
https://www.waterboards.ca.gov/drought/russian_river/docs/2022/upper-russian-river-2022-water-sharing-agreement-05272022.pdf
https://www.doc-developpement-durable.org/file/Culture/Arbres-Fruitiers/FICHES_ARBRES/Palmier-dattier/date-Palm-irrigation&associated_crops.pdf
https://www.doc-developpement-durable.org/file/Culture/Arbres-Fruitiers/FICHES_ARBRES/Palmier-dattier/date-Palm-irrigation&associated_crops.pdf
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Predicted Decline in Water Supply with No Action and with  
Adaptation Supplies  

 Figure 37  

SOURCE: California Department of Natural Resources, California’s Water Supply Strategy: Adapting  
to a Hotter, Drier Future	(August	2022).	

Continued farmworker shortages  

As noted in Part V of this report, California has long been dependent on free or inexpensive 

sources of labor for its export-oriented agriculture. The demographics of farmworkers has 

changed over time. Today, given the challenge of doing physically challenging harvest and 

planting work in increasingly warmer temperatures for relatively low wages, it has become 

harder and harder to attract new workers to established agribusiness operations. This is  

reflected in Department of Labor statistics.

While there have been increases in the number of farmworkers in particular businesses, such  

as tree nuts, the general trend is a declining number of workers. In 1990, there were 202,700 

farmworkers. By 2021, there were 158,800 farmworkers. 

https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Water-Resilience/CA-Water-Supply-Strategy.pdf
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Water-Resilience/CA-Water-Supply-Strategy.pdf
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This trend is both a product of more efficient planting and harvesting, but also a reflection of  

the challenge in accessing labor. Even with increased wages, California farmers have been 

unable to find sufficient farmworkers in part because fewer foreign farmworkers are coming to 

the U.S.281 Some of these would-be farmworkers are instead remaining in Mexico and Central 

America to work for agribusinesses located there. 

In Part VII of this report, there is a discussion of increasing interest in robotics and mechaniza-

tion to respond to the continued trend of farmworker labor shortages. 

282  D. Charlton,  and J.E. Taylor (2016). “A Declining Farm Workforce: Analysis of Panel Data from Rural
Mexico.”American Journal of Agricultural Economics 98(4):1158–1180.

Number of Crop Production Workers in California  Figure 38  

SOURCE: Department of Labor Statistics, 2011-2021.  

282
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Continued warming 

In the coming years, California will continue to grow warmer. How much warmer it will be 

depends on a number of conditions. This will be particularly true for inland areas. 

Depending on the success of greenhouse gas emission reductions in California, the average 

annual maximum daily temperature in the state is projected to increase between 2.5 and 2.7  

degrees Fahrenheit by 2039 and between 4.4 and 5.8 degrees Fahrenheit by 2069.282 This amount  

of warming has cascading consequences for the business-as-usual food production sector. 

283  California, California’s Changing Climate 2018, Fourth Climate Change Assessment.

Heat Waves Affecting Inland, Urban California  Figure 39  

SOURCE: Glynn	Hulley,	Benedicte	Dousset,	and	Brian	Kahn,	(May	2020)	Rising Trends in Heatwave  
Metrics Across Southern California, Earth’s Future, Vol. 8. Issue 7.

283

https://www.energy.ca.gov/sites/default/files/2019-11/20180827_Summary_Brochure_ADA.pdf
https://earthobservatory.nasa.gov/images/147256/california-heatwave-fits-a-trend
https://earthobservatory.nasa.gov/images/147256/california-heatwave-fits-a-trend
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Warmer air temperatures will lead to more evapotranspiration from fields meaning that more 

water will need to be applied to continue growing field crops. Short periods of intensive heat 

during critical times in a crop’s growth cycle can impact crop development including, for exam-

ple, causing male sterility in flowers or fruit to drop from trees.283 Without wintertime lows for 

many crops, many current California crops will not have sufficient “chill hours” leading to har-

vest failures or lower yields.

Continued warming is also likely to impact the ability to recruit future farmworkers. Global 

warming will disproportionately impact the health of field farm workers as long as they are 

exposed to poor air quality and unsafe heat conditions during harvest seasons. 

This trend towards hotter and drier conditions in California with only intermittent precipitation 

events suggests that farmers will need to develop new growing strategies. In Part VII of this 

report, there is a discussion of new gene-editing techniques and new methodologies for grow-

ing indoors including advanced indoor farming and new alternative protein technologies. 

Potential long-term flooding 

In a state that is as dry as California is much of the time, it seems an odd trend to note the 

potential for long-term flooding. However, California has historically experienced devastating 

floods. In 1861-1862, California experienced its “great flood” that lasted for 45 days and inundated 

the Sacramento and San Joaquin Valleys. In 1986, a storm dumped half of California’s average 

annual precipitation in nine days resulting in a 1-in-1000-year rainfall event with levees in flood 

control systems failing. 

More recently, 2017 floods impacted crops in the Central Valley leading to substantial losses of 

orchard tree, vines, and vegetable field crops. While the rains did recharge part of the aquifer 

and alleviated some of the concerns associated with ongoing drought, heavy precipitation 

presents its own challenges for farmers including crop mildew.  

 

 

 

 

 

284   Lowell Lewis, William Rains, and Lynne Kennedy, “Global Climate Change and California Agriculture”  
in Global Climate Change and California, ed. J. Knox and A. Scheuring (University of California Press, 1991).  

284
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Researchers suggest that California as a result of climate shifts is likely to experience “episodic 

pluvials” or large-scale flooding events.284  Based on modeling using historical data points, 

scientists expect that all coastal areas and mountain areas will experience 8 and 14 days respec-

tively of heavy precipitation events exceeding 20mm. These numbers will increase as California 

grows warmer. Future flood events are predicted to happen due to the intensifying “atmospheric 

rivers” and the melting snowpack that will release large amounts of water that will not be 

contained by existing natural waterways or manmade infrastructure. The trend for otherwise 

too dry California is to be exposed to more flood hazards than it has in recent years. 

285   Xingying Huang and Daniel L. Swain, “Climate Change if Increasing the Risk of a California Megaflood”  
(12 August 2022) Science Advances Vol. 8, Issue 32. (“Our analysis suggests that the present-day [circa 2022]  
likelihood of historically rare to unprecedented 30-day precipitation accumulations has already increased  
substantially and that even modest additional increments of global warming will bring about even larger  
increases in likelihood.”)  

Modeling of 30-day Cumulative Precipitation in California under ARKHist scenario 
(based on 1996-2005 data) and ARkFuture (based on high warming 2071-2080)  

 Figure 40  

SOURCE: Xingying Huang and Daniel L. Swain, “Climate Change if Increasing the Risk of a California Mega-
flood”	(12	August	2022)	Science	Advances	Vol.	8,	Issue	32.	

285
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At least some of the potential for flooding will impact agricultural lands. There is some potential 

for creating “flood-managed aquifer recharge.” Work to enhance groundwater recharge is 

discussed further in Part VII below. 

What is clear from upcoming trends is that California’s farmers must plan for what some have 

called “whiplash” events that can include a combination of both drought and flooding during  

a growing cycle.285 

More food is being imported from  
overseas agribusiness under trade agreements

The U.S. is importing an increasing amount of food to meet its demands particularly during  

the winter, autumn, and early spring months. In 2020, the value of U.S. fresh-market vegetable 

imports exceeded exports by $7.6 billion. This was double the deficit amount from 10 years 

earlier. Most of the vegetable imports are warm-season crops (tomatoes, peppers, cucumbers) 

coming from Mexico and Canada. Mexico produces strawberries almost exclusively for U.S. 

export. This year-around trade results from consumer demand during seasons when fresh fruit 

and vegetable production is difficult and tariff-free markets under the United State-Mexico- 

Canada Agreement, U.S.-Peru Free Trade Agreement, and the Dominican Republic-Central 

America-United States Free Trade Agreement. 

This trend towards increasing imports has potential implications for domestic growers particu-

larly for more profitable markets such as Californian markets. In some cases, larger domestic 

growers are extending their enterprises to Mexico to lengthen the growing season as with 

strawberry production. This provides more economic opportunities for these growers as well  

as cheaper labor inputs. In other cases, domestic growers may be being displaced by foreign 

producers in important high-value markets such as organics because of the lower costs of 

production (especially labor) in places such as Mexico. Between 2018 and 2020, Mexico account- 

ed for 87 percent of organic fresh vegetable imports as compared to 81 percent in 2011-2013. The 

volume increased 799 percent from 2011-2013 to 2018-2020.286 Mexican and Canadian imports, 

which originally were intended for shoulder seasons, have begun to “creep” into seasons that 

have been traditionally the high seasons for domestic producers. This has led to decreases in 

prices for domestic producers. 

286  Daniel Swain et al.  (2018) “Increasing Precipitation Volatility in Twenty-First-Century California” Nature  
Climate Change 8, 427-433. (Predicting a 25 to 100% increase in “extreme dry-to-wet precipitation events.”) 

287  Wilma Davis and Gary Lucier, Import Competition in the U.S. Fresh Vegetable Industry, Vegetables and  
Pulses Outlook, April 2021, VGS-366 (April 16, 2021).  

286

287

https://www.nature.com/articles/s41558-018-0140-y
https://www.ers.usda.gov/webdocs/outlooks/100969/vgs-366.pdf?v=2548.2


A CALIFORNIA 100 FACTS, ORIGINS AND TRENDS REPORT    141

The sustainability of this trend is uncertain. Mexico, like California, has limited water availability. 

This raises questions about the availability of water for communities in Mexico. Most of the 

water consumed in the arid northern regions of Mexico is consumed for export agribusiness.287 

Some of the imported vegetables are grown in greenhouses. While greenhouses are also used  

in U.S. production with the same sustainability concerns, greenhouse imports as the largest 

volume of fresh vegetable imports may have long-term sustainability concerns including 

greenhouse gas generation if greenhouses are fueled with fossil fuel. 

288  M. Rangel Medina, et al. (2011) Coastal aquifers of Sonora: hydrogeological analysis maintaining a  
sustainable equilibrium. In: U. Oswad Spring (ed) Water resources in Mexico: scarcity, degradation, stress,  
conflicts, management, and policy. Springer, Berlin, pp 73–85 

Bell Pepper Seasonal Import Volume from Mexico  
and Average Percentage Change, 2008-10 vs. 2018-20

 Figure 41  

SOURCE: Davis, Wilma and Gary Lucier, Import Competition in the U.S. Fresh Vegetable Industry,  
Vegetables	and	Pulses	Outlook:	April	2021,	(Figure	4,	p.	54)	VGS-366,	U.S.	Department	of	Agriculture,	 
Economic Research Service, April 16, 2021.

288

https://www.ers.usda.gov/webdocs/outlooks/100969/vgs-366.pdf?v=7826.6
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One of the reasons for this increase in imports is cheaper pricing. Consumers who may not 

otherwise have access to certain products because of price points may now have more accessi-

bility to imported food depending on retail mark ups. Domestic producers, however, may be 

unable to compete given the higher costs of inputs in California as compared to Mexico. In 

Mexico, the minimum daily wage is around $6.80 (141.7 pesos) outside of the Free Trade Zone;  

the wage is $10.24 (213.39 pesos) within the Free Trade Zone.288 This contrasts with $17.51 per hour 

for H-2A workers in California. This disparity in wages raises an equity issue for Mexican farm-

workers who are paid significantly less than American-based farmworkers. Workers in Mexico 

will earn $18-28 per day for strawberry harvesting in contrast to $14-18 per hour in the U.S. 

For the immediate short-term future, increasing amounts of imports will come from Central 

and South America in direct competition with California-produced foods. Without solving some  

of California’s existing challenges in its food system, California may increasingly rely on imports  

to provide food for its residents. 

PART VII.  

NEW AND ONGOING DEVELOPMENTS IN 
CALIFORNIA’S FOOD SYSTEMS

This final portion of the report explores a number of “emerging innovations,” particularly in 

relation to California’s food production. For purposes of this research, an “emerging innovation” 

suggests an effort with some momentum from industry, consumers, or communities to alter or 

change existing practices to strengthen some aspect of the current food system. Some of these 

developments are much more advanced in terms of having stakeholder support than other 

developments. This paper does not weigh in on the desirability of a particular idea but identifies  

a series of opportunities and offers some brief analysis on the innovation, resilience, inclusion, 

sustainability and/or equity associated with a particular development. While it is not possible to 

cover all “emerging innovations” in California food production, this section will review a number 

of ideas designed to address known food production constraints related to water, energy, labor, 

and access to healthy food. Some of the more developments that have received broader social, 

political, and economic support discussed below include water banking, water markets, agricul-

tural automation, dairy digesters, alternative proteins, and urban agriculture. 

289  Davis and Lucier, supra note 303. 

289
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Alternatives to the Current Groundwater Water System 

Continued pumping of California’s groundwater at the current rates of extraction is unsustain-

able and surface water is in jeopardy due to what has become a chronic drought for California. 

Given the mismatch between when crops need water and when limited precipitation falls in the 

state, there is no obvious panacea to California’s water woes. However, there are several efforts 

underway to conserve and reuse more. These approaches taken together may offer a promising 

trend for California’s food production. This section will discuss groundwater recharge and water 

markets. Precision irrigation is discussed below in the section on climate-friendly agriculture. 

Intentional groundwater recharge is gaining new traction across the state through the devel-

opment or recovery of recharge ponds and injection wells which will provide infrastructure 

needed to replenish groundwater. Recharge is significantly cheaper ($90-$1,100) than expand-

ing reservoirs ($1,700-$2,700) or desalinating seawater ($1,900-$3,000) when measured by the 

cost per-acre foot.289,290 California’s Department of Water Resources estimates a total groundwater 

storage capacity between 850 million-acre-feet and 1.3 billion-acre-feet as compared to around 

50-million-acre feet of surface water storage in reservoirs. Intentional groundwater recharge is 

already common in urban Southern California, the Bay Area, Central Coast, and Central Valley. 

“Excess” water that can be used for recharging includes treated wastewater, flood/stormwater, 

and agricultural runoff. 

In some areas, growers are looking at turning fallowed fields into groundwater recharge zones 

and hoping for future precipitation events that might even include floods to replenish ground-

water. To manage some of the groundwater recharge, water district partnerships are building 

additional groundwater infrastructure to “bank” and transfer water for future use. One example 

of a water bank project is in Kern County with the potential of 10 million acre-feet of available 

storage. The Kern Water Bank started with the acquisition of 20,000 acres of previously farmed 

land acquired by the California Department of Water Resources. The project was to be funded 

by State Water Project contractors but ran into early hurdles. Eventually a group of the State 

Water Project Agricultural Contractors (Kern County Water Agency, Dudley Ridge Water District, 

Semitropic Water Storage District, Wheeler Ridge-Maricopa Water Storage District, and West-

side Mutual Water Company) created the Kern Water Bank and invested in the needed infra-

structure including wells, canals, pump stations, and pipelines. The amount of water currently  

 

290  J. Chony, G. McGhee, and M. Rodhe, (2014) “Recharge: Groundwater’s Second Act.”  

291  Seawater desalination is not discussed as an alternative agricultural water source 
because of the prohibitive cost of energy associated with the desalination process. 

290, 291

https://waterinthewest.stanford.edu/groundwater/recharge/
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accessible to the Kern Water Bank is 3-million-acre feet in wet years and 1.5-million-acre feet in 

dry years. Establishing the bank was not straightforward and included 26 years of litigation over 

environmental impacts, allocation of water, and transfers of public assets to private owners that 

finally concluded on January 5, 2022. Kern County groundwater banks include clients not just 

from Kern County but also Southern California, San Francisco Bay Area, and the San Joaquin 

Valley. Most of these clients are agricultural producers.291 If large water banks are to be part of 

California’s active groundwater management, there will need to be efforts in place to avoid and 

address long-term litigation while a bank is being designed. New groundwater water banks, 

such as Aquaterra Water Bank in the McMullin area between the Kings and San Joaquin River, 

are in the process of being developed.

Recharge is not a full solution for many of the most water-deprived areas. Based on current 

modeling, researchers estimate that recharge in the San Joaquin Valley will only be able to 

eliminate 25 percent of the current groundwater deficit in overdrafted basins.292 

Water trading has been used for perennial crop farmers in the San Joaquin Rivers since the 

1990s when surface water deliveries from the Central Valley Project diminished in response to  

a combination of drought and endangered species protection. Water trading and markets are 

becoming more prevalent as senior water right holders are selling water to other users with 

more water-sensitive crops (e.g., fruit and nut orchards) rather than planting lower value crops 

(processing tomatoes). The hope is that trading can provide an alternative to groundwater 

cutbacks. The market remains small with surface water trades accounting for only about 4 

percent of agricultural and urban water use.293 In general, there are more long-term transfers 

than short-term transfers in recent years.294 Government purchases of surface water have de-

creased while an increasing amount of California’s surface water trade is on the open market.295  

 

292  Gokce Sencan and Ellen Hanak, Improving California’s Water Market, Technical Appendix B. California’s 
Water Market, By the Numbers: Update 2021, Table B12 comparing Kern Water Bank to all water banks. All water 
banks in 2020 supplied 1,498,709-acre feet to urban uses and 1,471,856 to agricultural uses. The Kern Water Bank 
Authority provided 942,634-acre feet to agricultural uses and 280,005 to other mixed uses. 

293  Erik Stokstad, Deep Deficit, Science (April 16, 2020).  

294  Andrew Ayres et al. Improving California’s Water Market: How Water Trading and Banking Can Support 
Groundwater Management (September 2021).  

295  Gokce Sencan and Ellen Hanak, Improving California’s Water Market, Technical Appendix B. California’s  
Water Market, By the Numbers: Update 2021. In 2018 and 2019, 513,217 acre-feet and 444,847-acre feet of short- 
term flows were transferred. The long-term flows for these years were respectively 872,888-acre-feet and 
682,799-acre feet.  

296  Id. From 1982-2002, 634-thousand-acre feet of surface water was traded from 1982-2002 of which 8 percent 
was on an open market. From 2003-2019, 1,432-thousand-acre feet of surface water was traded with 17 percent 
on the open market.

292

293

296

295

294

https://www.ppic.org/wp-content/uploads/0921aar-appendix-b.pdf
https://www.science.org/content/article/droughts-exposed-california-s-thirst-groundwater-now-state-hopes-refill-its-aquifers
https://www.ppic.org/publication/improving-californias-water-market/
https://www.ppic.org/publication/improving-californias-water-market/
https://www.ppic.org/wp-content/uploads/0921aar-appendix-b.pdf
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The main suppliers of water in the market are San Joaquin Valley farmers, Sacramento Valley 

farmers, and Southern California Farmers.296 Cities and San Joaquin Valley farmers are some of  

the major buyers in the market.297 

There are hopes for a more coordinated market across surface water transfers, groundwater 

substitution transfers, 298 and groundwater transfers.299 Water markets that include groundwater 

can be challenging to run because of the need to do precise accounting and the existence of 

different legal rules about the ability to transfer water in and out of a basin depending on 

whether water is native (water that has naturally percolated or migrated into a basin) or non- 

native (imported or water captured from floodwater or stormwater that would have otherwise 

left the basin).300 

To manage hydrologic risk, long-term, dry-year option trades would allow users such as orchard 

and vineyard owners to ensure some delivery of water in advance of a potential drought.301 An 

example of this type of contract is Yuba Water Agency’s Water Purchase Agreement creating a 

mechanism that transfers 180,000 acre-feet of water from the Yuba River to drought-impacted 

farms and cities.302 The intent of water transfer contracts is to balance human consumption 

needs with instream flow requirements. 

Innovation: One of the potential innovations in water management is the creation of better- 

defined groundwater rights under the Sustainable Groundwater Management Act. If allocations 

are created within Groundwater Sustainability Agencies, it may become possible to monitor and 

trade these allocations including across basins.303 Any innovation around water markets will 

require a need to harmonize rules across several institutional players, including the Central Valley 

Project and the State Water Project, that limit the “places of use” where traded water can be used. 

To justify expenses for recharge facilities and their associated infrastructure, legal innovations will  

 

297  Id. Figure B3. 

298  Id. Table B3-B In 2018 and 2019, San Joaquin Valley farmers purchased 722,499-acre feet and 494,016-acre 
feet respectively. City and industrial users purchased through the water markets in 2018 and 2019 respectively 
601,850- acre feet and 624,883-acre feet. Numbers vary depending on how dry a particular year is. 

299  Ayres et al. supra note 310. Water users sell the surface water that they otherwise would have received  
from a water right and pump groundwater.  

300  Id. Groundwater transfers happen within the same basin or sub-basin. 

301   Id.  
 
302   Id.  

303  Yuba Water Agency, The Lower Yuba River Accord, (2009).  

304  Ayres et al. supra note 310.

300299

298

297

304

303

302

301

https://www.yubawater.org/DocumentCenter/View/84/Lower-Yuba-River-Accord-Overview-PDF
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also be likely needed for recognizing long-term rights to divert high-water flows for groundwater 

recharge during high-flow events. Some water lawyers expect that in the coming years if the 

drought continues, more water rights will need to be adjusted to meet State priorities. 

Resilience: There is a growing recognition across California that water is the limiting factor for 

agricultural production. Only limited money is being invested in new water technology. Water 

researchers observed that only 1 percent of all U.S. venture capital is invested in water technology 

and California-based startups only received 21 percent of the small amount of investment. More 

innovation money may improve California’s response to resilience to create in particular better 

groundwater infrastructure.304 One proposal that could support California’s food system is the 

development of a new Office of Innovation at the California Water Commission who provides 

advice and recommendation to the State Department of Water Resources.305 This new office 

would create an interagency state team to engage stakeholders and evaluate what barriers 

there are to developing and deploying new water technologies as well as disseminate a Water 

Innovation Fund. 

Sustainability: In addition to groundwater recharge zones, more attention is needed across 

California’s entire water system, including not just upgrades to water infrastructure, but to 

repair system leaks including for county and city infrastructure. This is low-hanging fruit but 

may provide some minimal buffer in water-stressed areas that may become available for agri-

cultural users. Counties such as Sacramento have not had meters on pipes and have been 

historically unable to measure leakage.306 

Equity: A major issue that has been discussed frequently is the possibility of water markets 

impacting users by either impacting the quantity of quality of water. Users with a right to water 

participating in either groundwater banking or a market may transfer all their water which  

may be more than their actual consumptive use if they were applying the water. This can have 

impacts on other nearby users. While water transfers are expected to take into consideration 

potential impacts, it may not always be clear the full nature of an impact immediately after an 

initial water transfer particularly where there may be hydrologic connection between ground-

water and surface water. There are legal frameworks in place to address concerns of unreason-

able harm, but for vulnerable communities, it may be difficult to ensure that communities are 

305  Danielle Blacet and Adrian Covert, Innovation Needed to Solve State’s Water Challenges (April 14, 2021).  

306  SB-351 Water Innovation Act of 2021. 

307  Brittany Johnson, Californians are asked to conserve during drought. Some water companies don’t even 
track what they waste, (November 22, 2021).  

307
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https://calmatters.org/commentary/my-turn/2021/04/innovation-needed-to-solve-states-water-challenges/
https://www.kcra.com/article/california-water-companies-wasted-water-sacramento-county/38324466
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not harmed by, for example, dry wells caused by water trading.307 A related equity issue to water 

quantity involves water quality. Depending on how an area pursues groundwater recharge, 

there is the possibility of further contaminating water resources. For farmers who flood land to 

improve recharge, the flooded water may ultimately end up flushing contaminants such as 

pesticides into aquifers more quickly than natural recharge. 

Potential Future Opportunity: In the next decade, there will be more groundwater recharge 

infrastructure built and more efforts to develop water trading systems. The challenge for the 

water trading system will be creating a reliable administrative system for trades that does not 

damage local communities. 

Alternatives to Existing Surface Water System

A recurring challenge for California is finding new sources of surface water. Marine desalination  

is unlikely to offer a promising development for California in the near future given the energy 

costs of operating a plant. While the idea is still in its earliest stages, engineers suggest that it 

might be feasible to build a national aqueduct that would connect the Old River Control Struc-

ture on the Mississippi River 200 miles north of New Orleans to Lake Powell in the Colorado 

River system.308 

One question would be how to develop this aqueduct structure. One possibility might be to use 

existing oil and gas pipelines that would in theory be decommissioned over time with reduced 

fossil fuel use. 

308  Ayres et. al. supra note 310 (Box 3: Reporting on 3,000 domestic wells that went dry in the San Joaquin  
valley area during the 2012–16 drought due to increased groundwater pumping for irrigation.) 

309  Janet Wilson, A pipe dream, or a possibility? Water experts debate 1,500-mile aqueduct from Cajun  
Country to Lake Powell, Palm Springs Desert Sun, (August 15, 2022). (Additional ideas that have been discussed  
for replenishing the Colorado River include transporting icebergs in bags, on container ships or via trucks to 
Southern California and pumping water from the Columbia River in the Pacific Northwest to California via a 
subterranean pipeline on the floor of the Pacific Ocean.)

308

309
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While this proposal has an intuitive appeal particularly for water-poor Western states, there are 

substantial economic and environmental questions about moving water across national water-

sheds. In the case of moving waters of the Mississippi, the river provides a transport link and 

provides essential sediment to form coast and barrier islands to protect wetlands. 

Existing Gas and Oil Pipelines in the United States  Figure 42  

SOURCE: ProPublica,	Lena	V.	Groeger,	Pipelines	Explained:	How	Safe	are	America’s	2.5	Million	Miles	of	Pipelines?	
(November	15,	2012).
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New Scalable Protein Sources: Marine Aquaculture 

With ongoing concerns about a potential global protein deficit, increasing attention is centered  

on the oceans for food production. As observed by several fisheries experts, we live on Planet 

Ocean with two-thirds of the planet covered with ocean water, but we only acquire 2 percent  

of our global calories and 15 percent of our protein from the oceans. 309

On-shore and offshore aquaculture may eventually supply up to 60 percent of global seafood.310 

More investment is expected in the United States and especially California to meet aquaculture 

demands. As of 2021, California Commercial Fishing Apprenticeship Program is in the process of 

being expanded to include training in aquaculture. Multi-party initiatives, such as the Ventura 

Shellfish Enterprise, are scaling up efforts to lease plots to grow Mediterranean mussels in the 

Santa Barbara Channel Ventura Harbor to eventually produce 20 million pounds of mussels  

per year.311 

The trend in aquaculture has been to identify new offshore aquaculture locations that will have 

minimal in situ environmental impacts and minimal impacts on other ocean users. Entities, 

such as the Ventura Shellfish Enterprise, will be mandating growers to meet third-party certifi- 

cation standards that are specified in the enterprise’s permits.312 The challenge for the Enter-

prise will be obtaining permits in order to scale up production. The Enterprise’s ongoing struggle 

to obtain permission to operate is informative. The Enterprise had approval from the harbor 

commission but then moved its proposed site to avoid a halibut trawling zone, but this move 

placed the operation outside of  harbor commission waters. Efforts in 2020 to change state law  

to accommodate the Ventura Enterprise initiative by authorizing the Port District “to the extent 

permitted by federal law, to construct, maintain, operate, lease, and grant permits to others for 

the installation, maintenance, and operation of aquaculture plots in federal waters’’ failed to 

gain legislative support.313 This has forced the organization to reconsider how it will be  

 

310  European Commission, Directorate-General for Research and Innovation, Group of Chief Scientific Advisors, 
Food from the oceans : how can more food and biomass be obtained from the oceans in a way that does not 
deprive future generations of their benefits?, Publications Office, 2017.  

311  World Bank, (2013) Fish to 2030: Prospects for Fisheries and Aquaculture, Agriculture and Environmental 
Services Discussion Paper; no. 3, Washington, DC.  

312   Ventura Shellfish Enterprise partners include the Ventura Port District, Coastal Marine Biolabs, The  
Cultured Abalone Farm, and Ashworth Leininger Group. 

313  Examples of impacts include ocean pollution, entanglement of marine mammals, disturbances to 
 ocean food webs.  

314  AB-2370 Venture Port District: Aquaculture plots: Federal Waters (March 16, 2020). 
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https://data.europa.eu/doi/10.2777/66235
https://data.europa.eu/doi/10.2777/66235
http://documents.worldbank.org/curated/en/458631468152376668/Fish-to-2030-prospects-for-fisheries-and-aquaculture
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able to get approvals for operation. If permitting can eventually be streamlined across a range  

of agencies including NOAA, U.S. Army Corps of Engineers, Department of Interior, and the 

Environmental Protection Agency, marine aquaculture in general is more likely to grow as an 

industry. Until then, scalable projects will be limited.

Offshore aquaculture, particularly of shellfish in California, holds great promise as an undevel-

oped source of high-quality protein, but concerns remain about its profitability, particularly with 

climate change impacts. For example, in the Southern California Bight area located within the 

nutrient upwelling California Current, research models indicate that changing climate regimes 

and decadal variability could introduce variability into production. This could have implications  

for aquaculture leases.314   

While large scale offshore aquaculture of finfish (“fish ranching”/”fish farming”) is undergoing 

environmental review, finfish hatchery activity has gained some traction in California. Ichthus 

Unlimited has developed aquafeed for high-value species including tuna, yellowtail, and shrimp. 

The company has also established a pilot hatchery in San Diego to cultivate Pacific bluefin tuna 

eggs obtained from broodstock in net-pens in Mexican waters. The juveniles are then returned 

to Mexico to be raised for an additional six months to a year and then sold to Mexican bluefin 

tuna farms. The land-based hatchery operates under biosafety protocols. The immediate trend 

will be to continue working across international boundaries until the U.S. has a viable aquacul-

ture policy in place. 

The seaweed aquaculture industry is growing in California not just for human consumption, but 

also as a feed input to reduce methane production in cattle and dairy cows. There is hope for 

using seaweed as a feed additive but also some concerns whether mass production of seaweed 

might contribute to ozone depletion.315

In addition to the work by shellfish farmers, finfish farmers, and seaweed farmers, there is in-

creasing attention focused on “Integrated Multi-trophic Aquaculture” which attempts to mirror  

an ecosystem approach to aquaculture by combining fish, seaweed, and shellfish.  

 

 

 

315  J. Sainz et al., Spatial Planning of Marine Aquaculture Under Climate Decadal Variability: A Case Study for 
Mussel Farms in Southern California, Front. Mar. Sci. (June 4, 2019).  

316  Sea Grant California, UCSD, Quantifying Volatile Bromocarbon Emissions from Seaweed Aquaculture in  
California. 
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https://doi.org/10.3389/fmars.2019.00253
https://doi.org/10.3389/fmars.2019.00253
https://caseagrant.ucsd.edu/our-work/research-projects/quantifying-volatile-bromocarbon-emissions-from-seaweed-aquaculture-in-california
https://caseagrant.ucsd.edu/our-work/research-projects/quantifying-volatile-bromocarbon-emissions-from-seaweed-aquaculture-in-california
https://caseagrant.ucsd.edu/our-work/research-projects/quantifying-volatile-bromocarbon-emissions-from-seaweed-aquaculture-in-california
https://caseagrant.ucsd.edu/our-work/research-projects/quantifying-volatile-bromocarbon-emissions-from-seaweed-aquaculture-in-california
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Innovation: As aquaculture continues to grow there have been a variety of innovations intro-

duced, particularly in terms of potential viable species. The Pacific States Marine Fisheries 

Commission has funded numerous marine aquaculture research programs, including projects  

to develop a potential rock scallop, Pismo Clam, locally adapted mussel, and Native California 

seaweed industry. There have also continued to be innovations in feed to ensure better environ-

mental and social sustainability. The industry understands the need to transition from fishmeal, 

fish oil, and lipids extracted from primarily wild-caught forage fish like anchovies and herrings  

to new ingredients. 

As a governance innovation, there are several certifications connected to aquaculture including 

the MarinTrust Standard316 and the farm feed standards of the Aquaculture Stewardship Council.317  

Resilience: If coastal waters continue to warm leading to shifts in ranges for fisheries, it may be 

difficult for the offshore aquaculture industry to adapt unless there is ongoing work on breed-

ing temperature-adapted species. It may be possible to move at least some fish and shellfish 

production into closed recirculating aquaculture systems. In 2019, Nordic Aquafarms proposed 

building an indoor salmon farm in Humboldt, California to produce on the site of a former pulp 

mill that has access to freshwater and seawater as well as an aquaculture license. This Aqua-

farm continues to move forward with the approval of its Environmental Impact Report and 

Coastal Development Project in 2022.  

Sustainability: Low-trophic aquaculture has the potential to enhance sustainable food systems  

by producing high-quality proteins and high-nutrient foods (seaweeds). Novel approaches to 

aquaculture such as “Integrated Multi-trophic Aquaculture” offer the possibility of creating 

more “circular” food systems so that waste in a system becomes a resource. Researchers are 

currently experimenting with systems that combine California yellowtail tuna, Ogo seaweed, 

sea lettuce, mussels, and California sea cucumbers. 

Potential Future Opportunity: The marine-based aquaculture sector and indoor aquaculture 

businesses will grow in California to meet at least regional demand for seafood.  

317   Marintrust Standards.  

318   Aquaculture Stewardship Council. 

317 318

https://www.marin-trust.com/marintrust-standard
https://www.asc-aqua.org/what-we-do/our-standards/farm-standards/
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Robotics and Labor 

Robotics are already used by agribusiness to support food production. In addition to the robotic 

milking machines discussed earlier, agricultural technology manufacturers hope to see more 

robotics in agricultural production in the near future.

The types of machinery that are likely to be deployed in the coming years will include unmanned 

ground vehicles, unmanned aerial systems (used for field applications, sensing, or quantifying 

crop quality), and robotic manipulators (used for specialty crops and livestock).318 There are 

potential economic opportunities for those who adopt recent technologies. Ground robots in 

theory could work 22 hours per day with a couple additional hours for maintenance. Depending 

on their reliability and work quality, ground robots and robotic manipulators may become attrac-

tive for larger producers in California such as orchards, strawberry producers, or vineyards. Aerial 

robotic systems could improve crop yield by targeting areas needing more watering, deterring 

birds from damaging fruits, pollinating crops, or identifying areas with disease outbreaks. Aerial 

robotic systems could also improve livestock practices by being able to identify animals that 

might have an illness and need treatment. All of this will require extensive data to be collected 

and processed. At the current time, “calibrating sensors to parameters of interest remains a 

challenge to turn-key implementation, partly attributed to varying environmental conditions 

and the need for adequate ground reference data at field scale.”319 Presently fully unmanned 

aerial systems are prohibited for agricultural use and users must not operate aerial systems 

beyond a line of sight or above a particular altitude to avoid federal airspace regulations.  

At the current time, agricultural robotics are still in pilot stages. Robotic arms used in orchards 

are not always able to recognize fruits quickly and in different lights. As of 2021, manual picking 

is still largely faster than robotic picking but there is an expectation that better machine vision 

algorithms and improved motion mechanics will be developed.320 

Some of the other limitations on expanding these technologies are the reliance on processing 

data to run machines. In many rural areas, high speed internet connectivity is poor, and it may 

not be possible to run certain robots in a field that need navigation if they cannot communicate 

effectively with a base station. Other concerns that have been raised about robotic deployments 

319  Santosh Pitla, et al. Ground and Aerial Robots for Agricultural Production: Opportunities and Challenges: 
Council of Agricultural Science and Technology Issue Paper, No. 70 (November 2020). (Robotic arms have been 
designed for tomatoes, apples, cherries, mushrooms, and cucumbers.) 

320  Id. at p. 7.  

321  Id. 

319

321

320
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include whether machine security might be breached to cause harm if software is compro-

mised or whether programming errors might lead to liability for autonomous machines if there  

is an accident. Safety protocols across robotic manufacturers have not yet been developed to 

inform the industry. These protocols and standards will need to be developed because some 

farm machinery services multiple fields and will need to use public roads. It remains to be seen 

whether vehicles in the future would be able to “drive” themselves between fields. This might  

be a long-term trend if the public becomes more comfortable with the operation of other 

autonomous vehicles on the road.   

Innovation: Robotics are extremely likely to become part of the production landscape as part  

of an innovation for monitoring large acres, delivering precise inputs, and efficiently harvesting 

particularly specialty crops. For example, Agrobot is an example of one company designing 

custom made robots to harvest strawberries that uses a combination of robotic manipulators 

and artificial intelligence to harvest and sort fruits such as strawberries.321 While many of these 

new machines are currently still in pre-commercial trials, there is increasing enthusiasm 

among growers for accessing these machines as a solution to labor shortages particularly for 

specialty crops. 

The vision presented by some agricultural visionaries is for a “connected farm” with multiple 

levels of robotic intervention including aerial systems for monitoring, multiple ground vehi- 

cles for operations, and robotic manipulators. At this point, there is an expectation that 

unmanned ground vehicles will operate in fleets of more than one machine and be smaller 

than existing conventional machines but will be able to operate longer hours to account for 

smaller equipment.322

Sustainability: With a smaller tread and the potential for more optimized field travel paths 

than conventional agricultural machinery, agricultural robotic designers suggest that robotic 

deployments may lead to less soil compaction. Using the machines may also, in theory, reduce 

crop inputs by facilitating precision fertilizer applications and watering. 

It is possible that robotic prototypes will be capable of being used for multiple operations 

during the growing season from planting to tillage to harvesting. This might increase sustain-

ability in terms of machinery manufacturing with eventually less resources being used be-

cause there would be less machines being produced. Robotic ground machines may improve 

the yield for organics by being able to weed and thin crops more effectively than handwork  

 

322  Agrobot, Agricultural Robots.  

323   Pitla et al. supra note 336 p. 4 

323

322

https://www.agrobot.com/
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over large acreages and in temperatures and other conditions that might be dangerous for 

human fieldworkers. 

Inclusion: Robotic harvesters and other machinery may displace seasonal farmworkers because 

there will be a need for fewer farm workers per acre for farmers who invest in machinery. It is 

possible that existing farmworkers with additional training and education may be able to be-

come technicians to ensure proper operation of machinery. It is also possible that these farm-

workers may be displaced by existing skilled labor coming from other industries or by the  

farm owners themselves. The transition to “connected farms’’ will require new training for farm 

owners, farm managers, and farmworkers. 

Equity: Farms with robotic machinery may also eventually out-compete smaller farm opera-

tions that will not have the ability to have labor deployed almost around the clock with very 

limited breaks for maintenance. Depending on how agricultural technology is eventually mar-

keted, there is the possibility that smaller farms may be able to pay to participate in a “subscrip-

tion economy” allowing farms to lease equipment during planting and harvest seasons without 

having to own the equipment. 

Robotics may also be eventually deployed at scale in the swine and poultry industry. Robots 

may contribute to feeding animals and processing products (meat and eggs). While these 

robots have yet to be deployed at scale, there may be concerns with animal-robot interactions 

that will need to be addressed. 

Potential Future Opportunity: In the next decade, robotics will be increasingly deployed in 

agricultural production in California to address labor shortage concerns and to improve preci- 

sion delivery of inputs. While the technology remains experimental, only farmers with signifi-

cant capital will be able to invest in these recent technologies.  

Energy Production, Climate Mitigation, and Dairy Digesters 

Agriculture is not only a user of energy, but also a potential producer of energy through bio-

mass. In the case of a farm, biomass includes crop byproducts (hulls, pits, etc.), animal manure, 

and food processing waste. Biomass can be converted to fuel and energy through several 

processes including combustion, thermochemical conversion, and biological conversion. The 

biomass industry gained momentum in California in the 1970s as an approach to improve air 

quality and avoid disposal of sawmill residue in teepee burners and agricultural open burning. 
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California Dairy Digester Development Figure 43  

SOURCE: Dairy Cares, Climate-Smart Dairy Digesters. 

California is home to 15 “clusters” of dairy digesters in various stages of development. Clusters are groups of digesters 
that share a centralized gas clean-up facility, where the captured diary boigas is upgraded and then injected into 
natural gas pipelines, so it can be used as carbon-negative transportation fuel. This is known as a “hub and spoke” 
model. A total of 156 dairy farms are currently planned to be included within the 15 developing clusters.

Additionally, another 35 California dairy farms	have	digesters	(operating	or	in	development)	that	are	not	a	part	 
of a cluster. In total, California has 185 dairy digesters projects, capturing methane from 194 dairy farms, and 
creating either renewable electricity or renewable natural gas.

https://www.dairycares.com/dairy-digesters
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While conventional biomass plants have not been increasing, farm operators have been installing 

“dairy digesters’’ to capture methane on farms particularly from manure lagoons to reduce 

emissions and to generate transportation fuel. These digesters are anaerobic digesters, which 

means that a tank is filled with manure that is digested by anaerobic microbes, which then 

produce methane that can be burned directly for power or converted to fuels including com-

pressed natural gas, ethanol, or hydrogen. Burning methane converts it to carbon dioxide, 

which has 25 times less warming potential as GHG than methane.

California is the first global dairy area to set a goal of reducing methane emissions by 40 percent 

to make advances on climate mitigation. Nearly 200 dairies are participating in the digester 

program to generate fuel to be used by heavy-duty machinery and to power the grid.323 

In a modern anaerobic digester, about a quarter of the material can be converted to biogas. 

Leftover solids can be dried and reused, and effluent which retains nitrogen and phosphorus 

can be applied to the land.324 The effluent needs to be applied because if it is stored too long  

it will release methane to the air. 

Innovation: As of January 2022, 58 “dairy digesters” are operating across the state primarily in 

the San Joaquin Valley. A variety of industries are designing “hub and spoke” clusters that will 

share a centralized gas facility where the biogas can be added to a natural gas pipeline. Start-

ing in 2022 and running through 2026, Maas Energy Works will be supplying dairy biogas to  

the Port of Los Angeles, North America’s largest shipping port, to power hydrogen fuel cells. 

Sustainability: Investment in “dairy digesters” should reduce the dairy industry’s contribution 

to greenhouse gases. Based on the 64 dairy digest projects funded by the state, the industry 

anticipates emitting 12.8 million metric tons less of greenhouse gases over the initial 10 years  

of operation. There is some disagreement over how much reductions can be attributed to the 

digesters. In a report to the legislature, the Legislative Analyst’s Office concluded that estimates 

of greenhouse gas reduction from the program are likely to be overstated in part because of 

assumptions that all biomethane produced from digests will be used in heavy-duty vehicles. 

Much of the current fleet of heavy-duty vehicles operating on most farms, however, cannot 

refuel on biomethane.325   

The potential for biogas to reduce emissions of greenhouse gases depends on what baseline 

the digester is being measured against. If a farm is using a manure lagoon, there will be a 

 
324  Dairy Cares, Climate-Smart Dairy Digesters.  

325  Vermont Agency of Natural Resources, Department of Environmental Conservation, Anaerobic Digesters.  

326  Frank Jimenez, Legislative Analyst’s Office, Assessing California’s Climate Policies-Agriculture. 
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significant reduction in greenhouse gases. If a farm already had more pasturing of its animals 

and spreading of manure, then the digester reductions will not be significant.326 Burning of 

biogas still produces carbon dioxide. The methodology for calculating emission reduction based 

on current farm practices is critical to determining how much of a difference the digesters can 

make in reducing overall emissions. 

While there is a large supply of biomass inputs to fuel dairy digesters, the plants are still expen-

sive to operate. It may be possible to offset some of the costs of the plants with other products 

such as biogas. The digesters produce low NOx transportation fuel; the California dairy industry 

anticipates producing 50 million gallons of fuel every year once the existing and planned dairy 

digesters are in operation. The use of this alternative fuel in lieu of current diesel might reduce 

NOx emissions by 22 tons for every 1 million gallons of existing fuel.327 Even with low NOx biofuel, 

pollution is still released from biogas combustion including carbon monoxide, NOx, sulfur 

dioxide, and a variety of hazardous air pollutants. There are new products currently being devel-

oped including low-cost, low carbon bioinsecticides that would also be a potential coproduct. 

One challenge will be creating an operational market for dairy digester products. 

Equity:  Designing equipment to use digester produced biogas is essential to avoid unintended 

air pollution. If biogas from an anaerobic digester is used in an internal combustion engine 

connected to an electric generator without emission control catalysts, the biogas will generate 

“significantly more air pollution than burning the same gas in a boiler or flare.”328 Biogas used  

in a standard internal combustion engine generates more formaldehyde emissions which can 

cause human health issues. 

Critics also argue that building out more “dairy digesters” in California to supply a biogas mar-

ket could require even larger dairies that could impact local air quality. Larger dairy herds will 

lead to the production of more ammonia and volatile organic compounds that form the precur-

sors to particulate matter and ozone. Communities living in the vicinity of large dairies are most 

likely to be impacted. In the Central Valley, these communities often have a high proportion of 

people of color. 

Potential Future Opportunity: Interest in “dairy digesters” will continue to grow in California 

but more attention will need to be placed on how much greenhouse gases the digesters can  

 

327  Vermont Agency of Natural Resources, supra note 342. 

328  Dairy Digesters: Helping Clean the Valley Air.  

329  Vermont Agency of Natural Resources supra note 342.
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reduce while also ensuring that there is the physical ability to use the biogas generated without 

creating unintended new sources of pollution. 

Farming for Climate Mitigation and Climate-Adapted Farming

In 2021, California was unwilling to set for itself a net zero emissions target,329 but under the  

AB 32 Climate Law, the state is striving to reduce its greenhouse gas emissions by 40 percent 

below 1990 levels by 2030 and by 80 percent below 1990 levels by 2050. Among its efforts to 

reduce emissions, California has been a member of the Western Climate Initiative since 2007,  

a regional effort with Arizona, New Mexico, Oregon, Utah, Washington, and four Canadian 

provinces to reduce greenhouse gases through emissions trading. California—together with 

Washington, Quebec, and Nova Scotia—participates in North America’s largest carbon market. 

Initiating its cap-and-trade program in 2012, California’s compliance carbon market has focused 

on approximately 730 registered entities from the electricity generation, large industry, and fuel 

supply sectors who participate in quarterly auctions that generated $15.8 billion between 2012 

and 2021. As part of the cap-and-trade program, regulated entities rely on offsets including 

from agriculture projects especially anaerobic digesters as manure management. 

In addition to California’s cap and trade program, there are protocols in place that may generate 

offsets for voluntary greenhouse gas markets. Some of these protocols include the Grassland 

Protocol designed to avoid conversion of grassland to cropland; the Soil Enrichment Protocol 

designed to enhance soil carbon storage; the Nitrogen Management Protocol for improving 

nitrogen efficiency in crop production; the Organic Waste Composting Protocol to divert mu-

nicipal food waste from landfills; the Rice Cultivation Protocol for changes in water and residue 

management in rice cultivation; and the U.S. Livestock Protocol to support farm manure digest-

ers. To qualify for a potential offset, all projects must be additional (not required by regulation), 

verifiable, enforceable, and permanent. 

While agricultural projects can be used as offsets for industrial and energy production emis-

sions, the agricultural industry also generates emissions. There are a variety of crop-based 

practices that have the potential to reduce long-term climate impacts through a combination 

of mitigation and adaptation efforts. These include cover cropping, crop rotation, and using less 

chemically synthesized pesticides and fertilizers. Some statewide programs exist, including the  

Healthy Soils Program, which has generated around 0.1 million metric tons of carbon dioxide  

 

330  Climate Crisis Act (AB 1395) called upon California to achieve net-zero greenhouse gas emissions as soon as 
possible before 2045 and to reduce emissions by 90 percent below 1990 levels by 2045. 

330
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equivalent reductions since 2017, and the 2014 State Water Eff iciency and Enhancement  

Program providing the same number of reductions. The “Funding Agricultural Replacement 

Measures for Emission Reductions” program also offers financing to purchase cleaner trucks 

and agricultural equipment to reduce air pollutants including NOx. 

The Healthy Soils Program (HSP) has been a particularly popular program with growers having  

an option to either apply for funding for either an incentive program (to implement one of the 

existing practices: application of compost to fields; planting of non-cash cover crop; planting of 

hedgerows; mulching; or reducing frequency/intensity of tillage) or a demonstration project (to 

implement an on-farm project that can be shared with other farmers or ranchers and that 

collects data on carbon sequestration and co-benefits). Only one in four projects presently 

funded is a demonstration project collecting needed data about the efficacy of the project. 

The State Water Efficiency and Enhancement Program (SWEEP) includes a combination of 

water reduction and greenhouse gas reduction measures. For GHG reduction, the program 

funds installation of less carbon intensive pumps, reduced water pumping activities, installation  

of renewable energy, and installation of efficiency improvements. The SWEEP presently has 

marginal impacts on water reduction with program participants redeploying saved water for 

other uses including expanding irrigated acreage. Without reducing water usage, farmers 

collectively would have a negligible impact on GHG emissions caused by pumping. While 

project participants cannot expand acreage while under the program, there is nothing to  

prevent expansion after program funding is completed. 

Even though there has been an increase in dairy digesters as described above, only limited 

attention has been placed on reducing emissions from enteric fermentation in individual live-

stock that has become a cumulative problem as herds have increased. One possibility is to 

breed low methane producing animals. A second possibility is to introduce feed additives. As of 

2021, there were no commercially available feed additives that would reduce methane produc-

tion from livestock although there was increasing amounts of research and development.

Innovation: In order to reduce inputs and emissions, there is likely to be more precision farming  

in coming years. Some of this will include new controls software and hardware to promote 

sensing technologies that will reduce fertilizer, water, and fuel consumption. The use of better 

agricultural practices to target developmental stages may eventually reduce nitrogen fertilizer 

losses from cropland soil. Where farmers do not broadcast fertilizers across a field but apply 

them precisely, there is also likely to be less nitrogen loss. One example of a tool that may assist  
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with precision delivery of inputs of water during heatwaves is the GRAPEx project that relies on 

remote sensing technology.330 

Resilience: To be able to respond to increasing temperatures, some orchards and vineyards may 

need to consider using shade netting, new drought and salt-resistant rootstocks, and more atten-

tion to the row orientation to avoid too much direct sun exposure. California farmers will need to 

experiment more with climate adaptation methods for specific crop production. 

Sustainability: In order to be able to continue to produce crops with limited water, “climate friendly” 

farming will involve fallowing the least productive lands. Increasing amounts of automation as 

described above also has the possibility of improving not just labor efficiencies, but also climate 

smart practices including precision irrigation. 

Fallowing is also currently happening in regions of California where growers do not have access to 

sufficient surface or groundwater. Depending on how long land is fallowed, this may contribute to 

carbon reductions. Some of this fallowed land may be converted to high-quality wildlife habitat or  

for land to be used for renewable energy infrastructure.

Preventing grasslands from being converted to croplands or reconverting certain croplands back  

to grasslands may permit more atmospheric carbon to be held for a longer period in the soils. The 

sustainability challenge will be understanding how much carbon is being sequestered through 

these practices. By some academic estimates, changes in farm practices (e.g., no-till agriculture, 

conversion to perennial grasses/legumes, agroforestry, rewetting organic soils and improved 

grazing land management) could sequester 250 million tonnes of carbon dioxide annually (4%  

of U.S. emissions).331

While California has some climate-friendly agriculture programs in effect, it is unclear whether 

these programs are being actively implemented or whether they will be able to deliver meaningful 

climate mitigation now and in the future. Soil improvement programs have numerous benefits for 

soil health and water resilience, but it is less clear that these types of programs will make a differ-

ence in terms of rapid greenhouse gas reductions given systemic challenges with measuring  

 

 

 

331   Grape Remote Sensing Atmospheric Profile & Evapotranspiration eXperiment.  

332   National Academies of Sciences, Engineering, and Medicine. 2019. Negative Emissions Technologies and  
Reliable Sequestration: A Research Agenda. Washington, DC: The National Academies Press.

331

332

https://www.ars.usda.gov/northeast-area/beltsville-md-barc/beltsville-agricultural-research-center/hydrology-and-remote-sensing-laboratory/docs/grapex/grapex-home/
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emissions reduction.332 It is expensive to measure and verify soil carbon content over an 

extended period. Presently verification accounts for 75 percent of generating credits. 

Cover cropping is essential to protect soil from blowing and improve water infiltration rates. 

Where possible, protecting or restoring riparian zones that are adjacent to farmlands may 

allow for nitrogen fertilizer runoff to be absorbed. It is less clear what impacts cover cropping 

has on reducing nitrogen. At least one study using cereal rye found that nitrous oxide  

emissions increased with cover cropping.333

After reviewing programs, such as the Healthy Soil Projects, legislative analysts have  

observed some barriers to optimal utilization of carbon sequestration potential due to  

implementation costs, long-term maintenance of fields to yield benefits, and lack of under-

standing of how to achieve better outcomes.334 Researchers do not know whether certain 

projects have more sequestration benefits than other projects or what production-related 

characteristics are more likely to have higher sequestration benefits (e.g., crops, climate, soil 

types). Funders do not know whether growers and ranchers have made long-term changes 

due to the program or whether they revert to conventional practices. Analysts recommend 

that more data be collected to understand how widespread healthy soil program efforts are  

in practice among farmers. 

Equity: As lands are set aside for fallowing in response to climate change impacts, equity 

issues may arise. Farmers fallowing land because of the unavailability of affordable water 

may already be in precarious situations. At least some of these farmers are likely to be junior 

water rights holders and even though their crops may be more “socially” valuable (e.g., hu-

man food supply vs. animal feed supply), these farmers may not have the ability to compete  

in existing water markets. 

Given questions about the extent of potential carbon sequestration possible on agricultural 

lands in contrast to other mitigation efforts, small farmers are concerned that introducing  

 

 

333  Karl Plume, Farmers Struggle to Break into Booming Carbon-Credit Market, (April 28, 2021) Reuters New 
Service. (Reporting on Microsoft purchasing 200,000 farm-based credits but rejecting more than 5 million 
credits offered by agriculture projects due to a lack of transparency, scientific validation, or poorly design 
with projects capturing carbon but then releasing it back into the atmosphere.)  

334  L. Giovani Preza-Fontes, et al., In-season split nitrogen application and cover cropping effects on nitrous 
oxide emissions in rainfed maize. Agriculture, Ecosystems & Environment, 2022; 326: 107813.  

335  Frank Jimenez supra note 343. 
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carbon markets to agricultural lands will have the perverse effect of consolidating agricultural 

land in large-scale farms. 335

Potential Future Opportunity: There is increasing amounts of investment around “climate- 

smart” agriculture which usually involves some combination of cover-cropping, no-till and  

other best practices depending on the crop. While the practices being incentivized are gener-

ally good to achieve ecologically sound agricultural production by building up, for example, 

healthier soils, it remains unclear whether these “climate-smart agriculture” practices will have  

a long-term measurable impact on reducing climate emissions. In some places, “climate- 

smart” agriculture will probably involve adopting new technologies for food production as 

discussed below with “genome editing” or other means of food production as discussed in  

the trends on “alternative protein” and “indoor farming.”

Genetically Modified Organisms,  
Genome Editing (CRISPR), and Gene Drives

As biotechnology advances, researchers remain interested in using genetic modification to 

address a variety of recent environmental challenges including drought. California has a long 

history with genetically modified organisms (GMOs). One of the earliest GMOs, the Flavr Savr 

tomato, was designed in California in the 1980s to reduce food waste from rotting and dam-

aged tomatoes by increasing shelf-life and fungal resistance. Consumers’ comfort level with 

genetically modified organisms has remained low due to a lack of information provided by 

companies about the nature of a modification and concern about inserting foreign DNA into  

a genetic sequence. Since January 2022, FDA requires food derived from particular biotech-

nology practices to be labeled. 

There is the possibility through genome editing of using CRISPR (Clustered Regularly Inter-

spaced Short Palindromic Repeat) to increase edible height, mass, and pest resistance of 

plants without using genes from other species. CRISPR is a gene-editing technology that can 

be used to modify particular traits of crops. The technology focuses on inserting pre-existing 

nature-derived genetic variability into a cell. Some products developed under CRISPR do not  

need to be labeled as GMOs as long as the use of CRISPR results in a product that could occur  

 

 

 
336  Tara Rittes, “A False Solution: Why Carbon Markets Don’t Work for Agriculture,” Institute for Agriculture & 
Trade Policy, (February 5, 2020).  
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naturally.336 Agricultural patents exist on a number of CRISPR edited plants including corn, 

soybean, wheat, rice, alfalfa, tomato, potatoes, lettuce, cabbage, and peppers.337 Traits that  

have been altered include making a product gluten free, reducing browning for mushrooms, 

reducing allergen levels, improving fruit color, enhancing flavor, lengthening shelf life,  

creating temperature and drought resistance, and improving crop yield. 

In addition to CRISPR gene editing technologies, there is some research into whether gene 

drives might be more effective at eliminating pest threats than broad-spectrum insecticides. 

With a gene drive, a particular set of genes is favored that enables these genes  to spread at the 

expense of others. For example, genes favoring sterility may be favored to modify a population  

of pests. The Drosophila suzukii is a worldwide crop pest that has been in California since 2008 

and impacts soft fruits leading to losses of 20-80 percent of a crop. Use of insecticides is prob-

lematic because they can be damaging in the environment, not effective in controlling the 

pest, and create insecticide resistant pests. Synthetic gene drives that would suppress the 

population have been proposed for this pest.338 

Innovation: The use of CRISPR technology is a major innovation for agriculture by offering 

producers the possibility of designing products that meet particularly consumer needs or need 

less resource inputs. 

Equity: The use of CRISPR technology is socially complicated and potentially allows for the 

interests of biotechnology companies and large producers to eclipse the interests of other 

groups such as environmentalists or local community members with concerns over long-term 

ecosystem impacts (e.g., removal of certain populations of insects from an ecosystem from a 

gene drive could impact river fisheries). 

 
 
 
 
337   The first such product reviewed by the USDA was a white button mushroom that did not brown after the  
use of CRISPR to delete base pairs linked to browning. USDA concluded that the mushroom was not bioengi-
neered because it did not contain DNA from a plant pest, pathogen, or any other species. Congressional Re-
search Service, “Agricultural Biotechnology: Overview, Regulation, and Selected Policy Issues,” (March 29, 2021). 

338   Abby Meter and Sara Dastgheib-Vinarov, The Future of Food? CRISPR-Edited Agriculture, Food and Drug 
Law Institute (November 2021).  

339   A Buchman et al. Synthetically engineered Medea gene drive system in the worldwide crop best Drosophila 
suzukii, (April 17, 2018) PNAS 115 (18) 4725-4730. 
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https://doi.org/10.1073/pnas.1713139115
https://doi.org/10.1073/pnas.1713139115
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Alternative Proteins to Conventional Meat and Dairy

With a growing global population, increased demands for animal-based protein have raised 

substantial concerns about pressures on land-use and water-use due to the need to produce 

more animal feed. Between 1990 and 2009, global meal consumption increased by almost 60 

percent with expectations of continued growth.339 As of 2017, 85 percent of global soy production  

is used to feed animals and fish.340 Converting existing landscapes to new agricultural lands will 

release more greenhouse gases due to grassland destruction or forest removal. Much of this land 

conversion and soil degradation happens outside of the countries purchasing feed for livestock. 

Some consumers are beginning to demand alternatives. By at least one estimate, the North 

American market will have reached “peak meat” by 2035 and around one out of every 10 portions  

of meat, eggs, and dairy will not be conventionally-raised protein.341 Some large agribusiness 

players, such as Archer Daniels Midlands (ADM), are making investments in a “protein innovation 

center” to help increase ADM’s alternative protein production capacity by 30 percent. 342 Major 

meat producers in the U.S., like Tyson Foods, also have alternative protein brands. There are a few 

alternative proteins that seem likely to provide for California’s protein needs with new products. 

These approaches include plant-based proteins, micro-organism-based fermentation, cell- 

cultured meat, insect protein, and algal protein.

Plant-based proteins are already on the market in California with two California-based compa-

nies leading much of the development: Impossible Foods (protein powder mixed with soy  

leghemoglobin) and Beyond Meat (using a pea protein isolate as a base). These proteins are 

produced from plants and texturized through an extrusion process. 

Micro-organism based fermentation uses bacteria, yeast, fungi, or algae in a medium to grow 

protein rich foods. Alternative protein products made through micro-organism-based fermenta-

tion include U.K. founded and Philippines-owned Quorn, which sells products into the U.S. market, 

such as mycoprotein fermented from a particular mold mixed with vitamins and minerals.  

 

 

340  M.W. Rosegrant et. al. Global Food Projections to 2020: Emerging Trends and Alternative Futures. xvi. IFPRI; 
Washington, DC, USA: 2001. p. 206

341  Forum for the Future (2019) The Future of Protein: The Protein Challenge 2040. Shaping the Future of Food. 

342  Benjamin Morach et al., Food for Thought: The Protein Transformation (2021). (Analysts offer an even more 
optimistic prediction that 22% of the protein market by 2035 will be alternative proteins.)

343  Mary Shoup, “ADM makes $300m Investment to Expand Alternative Protein Production Capabilities,” (April 
14, 2022).
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Fermentation is considered attractive by some because it can efficiently generate substantial 

amounts of protein through inexpensive feedstocks of microbial organisms. 

Cell-cultured meat has received substantial attention with cells removed from an animal and 

then grown in a laboratory using a bioreactor. Cell-cultured meat is lab-grown meat that re-

quires less water and feed than conventional meats and can be grown in a shorter period than 

conventional meats. Currently, cell-cultured meat is very energy-intensive and relatively expen-

sive due to costs of cell culture media. Some cell-cultured meat is currently commercially avail-

able in Singapore. UPSIDE Foods (Memphis Meats) opened its first large-scale production 

facility in Oakland, which is currently capable of producing 50,000 pounds of meat with an 

eventual capacity of producing 400,000 pounds of cellular meat.343 Cell-based seafood has also 

been receiving increasing attention. All cellular-based meats are waiting for a regulatory ap-

proval process to be concluded. 

Several groups, including the Food and Agricultural Organization, have suggested that increasing 

consumption of edible insects (entomophagy) may supply needed protein and address water 

concerns. To raise one pound of crickets takes one gallon of water in contrast to 2000 gallons for 

one pound of beef and emits lower levels of greenhouse gases than traditional livestock. Protein 

from insects is highly digestible and contains several essential amino acids.344 At least one 

cricket farm opened in Van Nuys, California to deliver alternative protein for human consumption, 

but appears to have dissolved. Major cricket powder markets exist overseas. In North America, 

the three major producers are All Things Bugs in Oklahoma City, Oklahoma; Aspire Food Group 

in Austin, Texas and Ontario, Canada; and Entomo Farms in Ontario, Canada. Robotics and 

automated data collection are used in farming insects at these major producers. 

Protein-rich microalgae and macroalgae (seaweed) is consumed by humans usually in the form 

of Spirulina and Chlorella. There is a growing global business in both wild harvest and cultivat-

ed seaweed as a potential alternative protein. Most of the attention on algal proteins has been 

as a feed substitute but there is some attention on algae because it has the equivalent protein 

to vegetable sources but also contains amino acids similar to eggs and soybeans.345   

344  A. Starostinetskaya, “The World’s Most Advanced Lab-Grown Meat Facility Just Opened in California,”  
(November 5, 2021).  

345  Maeve Henchion et al. Future Protein Supply and Demand: Strategies and Factors Influencing a  
Sustainable Equilibrium, (July 2017) Foods 6(7): 53.  

346  Id. 

344
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Innovation: The alternative protein area is an area of substantial ongoing innovation for pro-

cessing (e.g., extrusion process for plant-based meats to improve texture) and quality improve-

ments (e.g., higher protein and better flavor). Companies in the fermentation area, such as 

Quorn, are suggesting the possibility of using agricultural waste such as rice straw as a feed-

stock for mycoprotein to allow for a more circular economy. 

Many new products are entering the market in this space including, for example, an animal- 

free milk protein bioengineered in Berkeley, California and expanding to Salt Lake City, Utah.346 

Interest in insects as a human protein source in Western nations has increased substantially in 

the last decade, but more research is needed both on social acceptability and long-term food 

safety implications.

Sustainability: If alternative proteins can deliver on their environmental promises, then there 

may be global reductions in greenhouse gas emissions as long as land areas are not cleared for 

raising animal feed and/or the numbers of animals in livestock production are reduced. From a 

public health perspective, many of the alternative proteins address existing public health con-

cerns by delivering a complete source of protein, no cholesterol, high fiber, low fat, and some 

minerals. Cellular-meat and seafood companies, however, need to find energy sources for pro-

duction that do not rely on conventional energy if they are to be environmentally sustainable. 

The more challenging sustainability question for many of these companies is economic sus-

tainability and whether sufficient consumers are willing to shift their diets. Presently, many of 

these companies depend on a relatively small consumer base.  

Equity: The question about access to these foods will depend on the price parity of food prod-

ucts. Analysts suggest that alternative proteins, particularly plant-based proteins will reach 

parity by 2023 and micro-organism-based proteins by 2025. As a human and non-human 

equity issue, most of the alternative proteins have been designed in response to animal welfare 

concerns associated with factory farming of animals except for large-scale insect farming and 

some cell-cultured meats grown with fetal animal serums. The cellular meat industry has made 

advances in cell culture medium with several companies claiming in 2021 and 2022 that they 

no longer require fetal-animal serum to grow cells. 

347   Jim Cornall, “Perfect Day Announces Second U.S. Location and New Enterprise Biology Hub”  
(April 21, 2022). 
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Potential Future Opportunities: More players are entering the arena of alternative proteins  

and it may benefit some growers in California to turn their attention to being a supplier for  

the alternative protein supply chain. California may have the opportunity to position itself as  

a supplier of high-quality protein products to a national and international market. 

Indoor Farming 

The trend towards indoor farming focuses on using less space and fewer resources to produce 

food year around. It covers a variety of approaches ranging from greenhouse production to 

hydroponics/aeroponics to vertical farming. In each case, indoor farming is focused on creating 

optimal growing conditions. In the case of vertical farming, the farms use grow-towers separated 

by LED lights to facilitate photosynthesis. 

California is home to a variety of different companies promoting indoor farming. In 2021, the 

Plenty Inc. company began selling vertically farmed produce to San Francisco Bay area super-

markets and is looking to expand production in Southern California to meet needs for under-

served communities with its venture capital.347 The company claims to be able to increase yield 

of crops over 350 times that of conventional farming.348 LA Urban Farms sells a Tower Garden® 

that uses 90 percent less space and 95 percent less water than conventional organic gardening, 

and it grows plants 30 percent faster.349 Gotham Greens claims to be able to grow in a one-acre 

greenhouse the amount that would typically be grown on 35 acres, and to use only 1 gallon of 

water for a head of lettuce versus the 10 gallons typically needed for conventional production.350 

Innovation: Indoor farming done at scale will use less resources and space. The reduction in 

resources is done by “fertigation” methods that allow for fertilizers, water, and minerals to be 

put into an irrigation system and circulate generally through a base material, like coconut or 

peat moss or other proprietary soil-based substrate, to supply the roots of a growing plant.351

348  abc7. (2021). Here’s how this futuristic, 95,000-square-foot vertical farm would bring fresh leafy greens  
and jobs to Compton.  

349  Plenty, About Us.  

350  LA Urban Farms, Aeroponic Tower Garden.  

351  Gary Quackenbush (March 14, 2022) “A Look Inside Gotham Greens’ new high-tech indoor farming  
operation in Northern California,” North Bay Business Journal. 

352   Future Crops; The largest vertical farm in the world is in Switzerland built into a former mining area.  
The Yasai farm claims to be able to produce 3,525 tons of produce annually, capture 614 tons of carbon  
dioxide, and reduce carbon dioxide emissions from food imports by 40,000 tons. 
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In addition to improved “fertigation” methods, indoor farming companies have been investing  

in robotic technologies to mechanize aspects of production and sensor technology to deliver 

appropriate levels of nutrients to crops. Red and blue wavelength LED grow lights are also im-

proving production.

Sustainability: The environmental case for indoor farming is that it offers higher yields with 

the use of less water and less pesticides while avoiding agricultural externalities, such as soil 

erosion and nonpoint source pollution from fertilizers. It is considered particularly attractive for 

providing urban centers with fresh foods because it does not require much land and reduces 

transport costs. 

The operational challenges for indoor farming will be the need for careful biosecurity to ensure 

that pests do not cause disease outbreaks, and the need for precise data on nutrients, tempera-

ture, carbon dioxide levels, and humidity to optimize production. The economic challenges of 

expanding the sector will be convincing investors to make extensive long-term investments, 

particularly as indoor farming requires significant start-up infrastructure costs.

The environmental case against indoor farming is the amount of greenhouse gas emissions per 

unit of product. As long as an indoor vertical farm remains tied to the existing electricity grid, the 

carbon footprint is higher per product than field grown products. In one comparison, analysts 

compared the 8.19 pounds of carbon dioxide generated from conventional energy inputs into a 

vertical container system farm for 1 pound of lettuce versus 0.31 pounds of carbon dioxide per 

pound for lettuce conventionally produced in California and then shipped to New York.352 Vertical 

farming can reduce farming-related carbon by 70 percent when compared to conventional field 

farming, especially if renewable energy sources are used. 353

353  David Amidi-Abraham, Calculating the Carbon Footprint of Vertical Farming and Traditional Farming  
(January 20, 2021). (This comparison was not a full life cycle analysis and did not take into consideration  
either field carbon emissions or cold-storage carbon emissions.)  

354   How Different Types of Agriculture Impact CO2 Emissions, (March 14, 2022). 
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Methods
Amount of Carbon per Ton  

of Harvested Lettuce

Vertical farming using renewable energy and liquid 
microalgae as fertilizer and organic substrate with 
closed water system

158 kg

Vertical farming using conventional energy and  
inorganic liquid fertilizer and inorganic substrate 
with closed water system

5,744 kg

Conventional Greenhouse with inorganic liquid  
fertilizer and pesticides with organic material with 
drip irrigation 

575 kg

High Tech Greenhouse with inorganic liquid  
fertilizer and pesticides with inorganic substrate  
with closed water system

352 kg

Open Field Agriculture with inorganic fertilizer  
and pesticides in soil with drip 540 kg

Resilience: In light of the ongoing water shortages, recurring droughts and loss of high-quality 

soil, indoor farming may offer some sectors of California agribusiness the ability to transition to 

new production methods for high demand items such as tomatoes, lettuce, leafy greens, pep-

pers, and cucumbers. Investors are banking on indoor farming with a predicted global growth 

from around $36 billion in 2021 to $75 billion in 2028. The vertical farming sector is expected to 

grow substantially in the coming years particularly if renewable energy can be used for energy 

production. 

Inclusion: Depending on the eventual costs associated with indoor farming production, the 

ability to grow foods in limited space may provide one mechanism for addressing the recurring 

challenge associated with “food deserts” where fresh fruits and vegetables are diff icult to 

Greenhouse Gas Emissions Associated with Indoor Farming Techniques  Table 18  

SOURCE: One Farm CO2 Emissions Scoping Report (2018).
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acquire. At this time most of the projects appear to be boutique proprietary projects focused 

on high-end consumers. 

Equity: Currently, the costs of indoor farming such as vertical farming are prohibitive for most 

farmers and communities. The need for complex lighting, fertigation, and software controls 

have doubled the prices of organic products produced in a vertical farm versus a field organic 

farm.354 For funders seeking to grow and support indoor farming projects, most investments are 

being made for specialized fruits and vegetables, premium greens and herbs, and cannabis. 

Potential Future Opportunity: California’s future production of certain fresh foods (e.g., fruits 

and vegetables) may transition into indoor farming in areas where climatic conditions and 

water shortages are making it increasingly difficult to reliably predict farming seasons. 

Urban Farming 

Urban farming—either through individual farms, farms run by nonprofits, or municipal invest-

ments in community gardening—provides essential food and open green spaces for urban-

ized regions. These spaces in San Francisco, San Jose, Oakland, San Diego, and Los Angeles 

frequently expand food access for local populations without easy access to fresh produce and 

create positive community spaces. There is no single urban-farming model, but most of the 

farms that are connected to communities tend to be relatively small in acreage and produce  

a diversity of vegetables and fruits. Some urban farms raise backyard poultry or bees. 

The state adopted a program for “Urban Agriculture Incentive Zones” in 2013, which permits 

reduced property tax assessments if unimproved land is converted to agricultural use for at 

least five years. Additionally, California FreshWorks provides financing for urban food producers. 

In 2021, the Governor initiated California’s first Urban Agriculture Program designed to support 

growth and stability of small farms. A good example of an urban farm is CRECE Urban Farms 

Co-op in Santa Ana, where several residents farm to supply affordable food to a low-income 

primarily immigrant community. The Co-op includes a “crop-swapping” program where 

community residents can swap fruit from their neighborhood trees for vegetables.355 

355  Peter Tasgal, Lessons learned: Weighing the Costs and Benefits of Vertical Farms, AgFunder News, (2022). 
356  Hannah Getahun, “Urban Farmers Find a Niche with Local, State Support,” Ag Alert California Farm  
Bureau, (March 2, 2022).  
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Sustainability: From a public health perspective, urban farming in low-income communities 

provides an important alternative to limited access to fresh foods. There is a clear need for such 

farms. The economic sustainability of many of these farms remains a challenge. Particularly for 

farms that are generating produce for low-income communities, consumers may not have 

sufficient money to cover some of the more expensive costs of operating an urban farm including 

the price of water, feed, and other inputs. For example, numerous urban farmers in places, such  

as Santa Clara County during the 2017 drought, were unable to receive discounted rates for 

agricultural water use like other agricultural producers in the state.356

Resilience: In many communities, urban farms offer hope. They provide a new source of food 

security as well as a source of community pride. They offer some communities a means to 

tackle challenging public health issues, including inadequate healthy foods and places to safely 

exercise. Some farms in California also employ previously incarcerated individuals to offer a new 

regenerative employment pathway. 

Inclusivity: Smaller urban farms run by a city, or a civic group potentially allow for more partici-

pants in food production. The positive social impacts include reducing blight in vacant lots, 

strengthening community building, creating youth work opportunities, and generating 

cross-generational ties. 

Equity: Depending on the location and mission of a given urban farm or set of community 

gardens, farming acreage located in an area that would otherwise qualify as a “food desert” 

could provide more equitable access to fresh foods depending on the prices of food. 

One of the equity challenges for low-income communities is finding adequate, contaminant- 

free land on which to grow food that is close enough for communities to access by foot or 

public transit. Another equity issue for some communities is finding adequate training resources  

to assist community members who are unlikely to have had experience with farming in learning 

how to participate in small-scale farming. 

Potential future opportunity: Urban agriculture is an essential part of a short-term and long-

term strategy for California to promote food justice while simultaneously strengthening ties 

across increasingly diverse urban communities. Two challenges are ensuring that real estate 

booms do not eliminate opportunities for urban agriculture and that farms have access to 

sufficient water.

357  L. Diekmann, “Drought, Water Access, and Urban Agriculture: A Case Study from Silicon Valley” Local Envi-
ronment: The International Journal of Justice and Sustainability Vol 22(11) (2017).
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