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			  PREFACE

		

		This publication grew out of a University of California conference on “Competition for California Water: Alternative Resolutions,” which was held September 30 to October 2, 1981, at Asilomar. The goals of the conference and of this volume have been to identify competing needs and demands for water in California, to seek out realistic water policy options, and to point out areas where cooperation and compromise can help in developing state water policies.

		Planning for the conference began in 1980. By the end of that year the Organizing Committee had invited thirty researchers and other professionals from twenty-five departments and research units on seven campuses of the University to work in teams to prepare drafts of analytical papers. The papers were discussed at a meeting of all of the teams in July 1981. Revised versions then were reviewed, primarily by informed persons outside the University. After further changes, the papers became the basis of a draft volume discussed by the conferees at Asilomar.

		The conference was attended by 141 persons representing diverse viewpoints and interests, including water experts, decision makers, planners, administrators, and others from concerned agencies and organizations. Principal groups represented were agriculture, environmental organizations, water districts and associations, state, federal and local agencies, universities and public interest organizations. Also represented were consulting firms, business interests, utilities, labor unions, educational agencies and research institutes.

		The conference was structured to encourage discussion both in plenary sessions and in small groups. To assure diversity of opinion, participants were assigned to mixed groups, and to encourage individual expression, persons were not identified by organizational affiliations. Reports from discussion groups and individual responses during plenary sessions were made available to the authors of this volume for their consideration in the revision of their manuscripts.

		The first chapter of this volume provides an introduction to California’s water resources and problems. It also sets forth the assumptions and future scenarios on which the volume is based. Following the introduction are five chapters that analyze competition over California’s water resources from the perspectives of the major water-using sectors: agriculture, municipal and domestic, industry, energy, and the environment including recreation. This analysis is followed by four chapters which examine the major water-using sectors in the context of the social forces and trends which will shape the course of California’s development, including lifestyles, economics, institutions and political dynamics. A concluding integrative chapter highlights some of the underlying themes of the volume and reports on reactions of the conference participants to some of the controversial issues.

		Each chapter reflects the approach and expertise of its particular team of authors. The policy analyses, findings and conclusions are those arrived at by the author teams after nearly a year of team dialogue and discussion. It should be emphasized that the authors are solely responsible for the contents of their chapters. The contents of the volume do not represent a University position, nor University advocacy of particular viewpoints. Nor, it should be added, does the volume reflect the views of conference participants or those experts who reviewed the manuscripts during the course of their preparation.

		 The primary purpose of the University in sponsoring the water policy conference and in publishing this volume has been to encourage small teams of faculty members to analyze and participate in public discussion of important aspects of California water needs and water policy implications. This is part of the University effort to encourage faculty to bring research findings to bear upon long-range public policy issues. We recognize that this approach does not necessarily produce a complete and balanced analysis of the entire scope of immensely complex water issues. It may well be that other options and other conclusions should also be considered. The Organizing Committee, however, hopes that the information and views contained in this volume will represent a useful effort by the University to work with others toward resolution of California’s difficult water problems.

		Robert M. Hagan

		Chairman, Organizing Committee
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			  CHAPTER I

			INTRODUCTION: 
THE PROBLEM, THE RESOURCE, THE COMPETITION

			by 
Raymond H. Coppock, Robert M. Hagan, and William W. Wood, Jr.

		

		ABSTRACT

		Water development, water distribution and water use inevitably are central concerns of public policy in California. This University of California study looks at the competition for California’s increasingly costly water resources in the light of (1) the requirements for different water uses in the state, and (2) the socioeconomic trends and constraints which condition the allocation of water supplies. All of these involve basic public policy considerations.

		This chapter provides an introduction to the water problems and water resources of California. Water is both a physical and economic resource and a natural ecosystem. It also is a prime determinant of land use in this state. The need to use the resource efficiently and at the same time to protect the ecosystem creates extremely difficult policy problems. It is important to keep in mind, however, that only the broadest policy considerations apply uniformly to the entire state. Water problems, like water supplies, often are local or regional in nature. Therefore, generalizations—of which this volume necessarily has its share—may or may not apply to specific local or regional situations.

		Some of the important policy issues discussed in the following chapters are highlighted here. This introductory chapter also describes a set of common assumptions and scenarios for future water development in California which have been employed by other chapter authors in their respective analyses.

		PERCEPTIONS OF THE PROBLEM

		The debate over water policy in California is complex and confusing. In no state in the nation are there so many geographical variations in water supply and availability, or such a diversity of water-oriented interest groups as in California. Consequently many views prevail about which water problems are most real and/or urgent. There are at least three categories of perceived water problems in this state:

		•	The risk of future crisis. Demands for water are expected to increase as the population and the economy grow, while new supplies will be increasingly costly and difficult to develop. Under these circumstances the possibility and impact of another drought as severe as that which occurred in 1976-77 is a serious concern. (Population estimates for this volume are based on California Department of Finance projections of 25 million Californians sometime between 1985 and 1990, 30 million between 2000 and 2005, and 34 million between 2015 and 2020.)

		•	Regional water supply and quality problems that presently exist even in years of normal precipitation. Groundwater overdraft, most severe in the San Joaquin Valley, is the most significant of these. Other regional problems include low streamflow and deteriorating water quality in the Trinity, San Joaquin and other rivers; adverse environmental impacts of water diversions, as for example at Mono Lake; and worsening soil and water salinity in the lower San Joaquin Valley.

		•	Problems of inefficient water distribution and use. Physical management of water distribution and irrigation systems is one perceived problem. Other concerns are economic and political in nature, involving the feasibility and efficiency of water allocation through institutional or market systems.

		THE RESOURCE

		Surface and Groundwater Supplies

		At the center of the statewide debate is the resource itself—the annual flow of surface water within California, the groundwater stored in the state’s immense aquifers, and some inflow and outflow across the borders. Figure 1 shows recent estimates by the California Department of Water Resources (DWR) of surface water supplies and disbursements. The actual amount of streamflow within the state naturally varies from year to year, but the average supply is about 70.8 million acre-feet (MAF) annually. About two-thirds of this supply originates in North Coast and Sacramento basin rivers. The remainder includes streamflow farther south in the Central Valley and elsewhere in the state. In addition, about 4.7 MAF are imported from the Colorado River and about 1.4 MAF flow in from Oregon. As Figure 1 also shows, recent changes in land use (conversions of native vegetation to irrigated agriculture, and also urban expansion) are estimated to have increased total runoff by 1.5 MAF.

		What happens to this surface flow? Figure 1 shows DWR’s estimates for 1980, a normal year, and how much remains in-stream. These figures reflect long-term average flows. It should be kept in mind that both intensity and duration of seasonal precipitation in California vary greatly from year to year.

		A crucial component of this surface supply is the amount that is diverted for use. California’s more than 50 major reservoirs—those with capacity larger than 100,000 AF—have a combined capacity of about 77 MAF. The yields from these reservoirs, together with direct diversions, permit delivery of about 20.4 MAF of surface water in an average year. Some of this water is delivered to more than one user, for successive use.

		The state’s other immense water resource is the underground supply, which provides about 40 percent of the water used in California. Usable storage capacity of the state’s groundwater basins has been estimated at about 143 MAF—about twice the gross storage capacity of surface reservoirs. Approximately 16.5 MAF are pumped out in an average year. Of this, only about 5.3 MAF are naturally recharged, thus providing sustained yield. (This includes 4.2 MAF from streambed percolation and 1.1 MAF from deep percolation of precipitation). Artificial recharge is estimated to add 1.8 MAF. An additional 6.9 MAF of

		 Figure 1

		Surface Water Supplies in California 
Long-term average—1980 development level 
(Millions of acre-feet)

		[image: ]

		Adapted from Policies and Goals for California Water Management: The Next 20 Years, State Water Resources Control Board and the California Department of Water Resources, State of California, Bulletin No. 4, June 1981.

		 pumped water are supplied by irrigation return flows to underground basins, and by conveyance and other losses. The remainder, about 2.3 MAF, is overdraft. (Overdraft during the 1976-77 drought was variously estimated at 5 to 8 MAF per year.)

		The principal area of overdraft is the San Joaquin Valley, where the net loss is about 1.5 MAF yearly, but DWR studies have identified “critical” overdraft situations in 16 groundwater basins. In many of these, the groundwater has not yet dropped to the level at which a steady state would be economically optimum. In others, however, it apparently is at or below that level—and pumping is still continuing because of the “common pool” problem.

		Another water source being given increasing attention is reclaimed wastewater. By the year 2000, DWR estimates about 0.6 MAF from planned reuse projects will become available.

		Based on 1980 estimates by DWR, about 40.6 MAF are delivered for use yearly in California—85 percent for agriculture and 15 percent for municipal/industrial use. This developed supply includes 2.5 MAF from the State Water Project, 7.9 from the Central Valley Project, 1.1 from other federal works, and 9.2 from local development; 4.7 MAF from the Colorado River; 16.5 MAF from groundwater; and about 0.8 MAF from reclaimed wastewater, of which 0.2 is planned and 0.6 is incidental. Of this total delivered water, DWR estimates the net use at approximately 34 MAF, with the remainder flowing back into the state’s water system.

		Storage and Distribution

		A network of reservoirs and canals, mostly constructed by quasi-public or public agencies, permits storage and transfer of water throughout much of California. The earliest large-scale projects were built by cities. Later came the federal Central Valley Project (CVP), largely for agricultural use; and in the 1960s the State Water Project (SWP) began delivering water to both agricultural areas and cities.

		Urban supply systems. The city of Los Angeles gets much of its water from the two Owens Valley aqueducts. In addition, the Metropolitan Water District of Southern California (MWD) has tapped 1.2 MAF annually from the Colorado River. About half of that will be lost later in the 1980s, as a result of a Supreme Court decision which reduced California’s total rights. The MWD also has contracts for 1.5 MAF yearly of SWP water to be delivered currently, and another 500,000 acre-feet later. The MWD covers six counties—Los Angeles, Orange, Riverside, San Bernardino, San Diego, and Ventura—and serves nearly 11 million people. The Bay Area has two major municipal systems: San Francisco’s Hetch Hetchy project on the Tuolumne River, which also serves other cities on the Peninsula and the South Bay; and East Bay Municipal Utility District’s project on the Mokelumne, which serves much of Alameda and Contra Costa counties.

		Central Valley Project. Operated by the federal Bureau of Reclamation, the CVP stores waters of the Sacramento, American, Trinity, and San Joaquin rivers and conveys them to largely agricultural areas in the Sacramento and San Joaquin valleys. Major reservoirs are Shasta, Trinity, Folsom, and Millerton (Friant Dam). Water from the first three reservoirs flows down the Sacramento River and through the Delta, is pumped into the Delta-Mendota Canal, and is transferred halfway down the San Joaquin Valley. Water from Millerton serves the east side of the lower San Joaquin Valley through the Friant-Kern and Madera canals. The San Luis Reservoir, a joint federal-state project, provides offstream storage just south of the Delta. Farther north, the western Sacramento Valley is served through the Tehama-Colusa Canal. In a normal year, CVP deliveries total almost 8 MAF. More than 80 percent of this goes to irrigate nearly 2 million acres of farmland. The U.S. government pays costs of the CVP, but is partially reimbursed by agricultural, municipal and industrial consumers of water and power. Two important policy issues involving CVP water are the 160-acre limitation and water price subsidies to agriculture.

		State Water Project. The key storage facility of the SWP is Oroville Dam on the Feather River. SWP water, like that of the CVP, flows down the Sacramento River and through the Delta. There it is pumped into the 444-mile California Aqueduct and flows to the west side of the lower San Joaquin Valley and across the Tehachapi Mountains to Southern California. The SWP was financed by state bonds. Water users will repay about 74 percent of the total costs of building the system, plus transport charges which vary with distance. Power users will pay about 11 percent. In a normal year, the SWP yields about 2.3 MAF; however, it is presently committed to delivering more than 4 MAF by the end of the century. This fact creates a many-sided policy problem—for the DWR, which has the contractual commitment; for water users in the southern half of the state, who say they are counting on future expanded deliveries; and for all others who are concerned about the issues of water development, or lack of development. One proposed means of acquiring more water for the SWP is the Peripheral Canal. By allowing more efficient flushing of salty water from the Delta, the canal would permit between 0.5 and 1 MAF of additional water to be transferred south in a normal year. (The actual amount would depend on operational management of the canal, and whether it is used as a joint federal-state facility.)

		Nonurban, local water projects. A number of irrigation districts have separate water supplies. For example, the Modesto, Turlock and Merced districts own their own dams on rivers flowing out of the Sierra Nevada, and various other districts have long-established rights to streamflow. Many districts also supplement their surface supplies with groundwater. In total, nonurban local water agencies with independent supplies provide about 5 MAF to their users in a typical year.

		Development Costs

		Of California’s approximately 48 MAF of undeveloped runoff, the DWR estimates that only slightly over 7 MAF, mostly in the Central Valley, can be developed economically. This figure is based on the assumptions that:

		•	There are commitments of over 22 MAF to North Coast “wild and scenic rivers,” to salinity repulsion in the Delta, and to Nevada outflow.

		•	About 10 MAF of additional North Coast water is unavailable because of engineering and economic constraints.

		•	About 8.5 MAF consists of very large flood flows beyond the capacity of storage reservoirs, or of small streams that would be uneconomic to dam.

		Others see more potential for development. They point out that more than half of the state’s total surface supply still flows into the ocean in an average year.

		 This viewpoint, of course, suggests that the “wild and scenic rivers” should not be permanently excluded from development.

		What would be the cost of “new” water from the surface sources considered developable by the DWR? What about the costs of other additions to the state’s usable water supply—from wastewater reclamation, for example?

		Any figures are necessarily estimates. Involved in the computations are questions of increasing costs, financing methods, pricing and subsidies, environmental impacts and other cost/benefit considerations. Nevertheless, the relative costs of different potential water sources can be roughly compared.

		Table 1 gives estimates for water yields and costs of a number of proposed federal and state water projects in California. Some of these cost figures come from the DWR, the Corps of Engineers, or the Bureau of Reclamation. Others were calculated from capital cost and water yield figures provided by those agencies. In any case, it is important to keep in mind that many years would be required to complete most of these proposed projects. Except for New Melones, there is little possibility of any significant new additions to the water supply within the next decade.

		To these cost figures must be added transportation costs. According to the DWR, these range from $10 to $40 per acre-foot in the North Bay area, about $40 in the South Bay, $15 to $35 in the San Joaquin Valley, and from $100 to $125 in Southern California.

		There are other possibilities for increasing California’s developed water supply or “stretching” the present supply. These include:

		•	Wastewater reclamation. Costs for water usable by agriculture are estimated at between $240 and $350 per acre-foot in the area of the treatment plant. Additional transportation costs would vary. At present, about 200,000 acre-feet yearly of reclaimed water are being put to planned use in the state for agriculture, landscape irrigation, and groundwater recharge. Dependable further yield is estimated at between 200,000 and 400,000 acrefeet. At least part of the cost of reclaimed water may be borne by the city doing the discharging, which gets the value of disposal; hence, the actual cost to users may be less than the figures given above.

		•	Desalinization of brackish water. Drain water from the San Joaquin Valley could be desalted for about $300 to $330 per acre-foot (preliminary estimate). The yield potential is estimated at up to 300,000 acre-feet yearly. A drainage disposal problem would remain for the effluent, which would be extremely salty.

		•	More lining of canals. For example, lining the All-American Canal in the Imperial Valley area would eliminate an estimated 132,000 acre-feet of water loss. Cost estimates are unavailable.

		•	Watershed management. Runoff from brush-covered watersheds can be increased by replacing the chaparral with a less water-demanding cover such as grass. In regions with greater than 15 or 20 inches of rainfall, substantial extra runoff—from one-fourth to almost one-half acre-foot per acre of watershed—has been consistently recorded over long periods of time. Although environmental impacts have been studied, the economic potential for significantly increasing regional or statewide water supplies is still unknown. One substantial benefit is reduced hazard from wildfire.

		 Table 1

		Water Yields and Costs of Proposed 
Water Projects in California
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					Peripheral Canal (Sacramento-San Joaquin Delta area)
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					Groundwater storage south of the Delta

				
					
					400,000
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					Thomes-Newville

					(small version of Glenn Reservoir in Tehama and Glenn counties)

				
					
					220,000
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					Los Vaqueros (off-canal storage in Contra Costa County)

				
					
					265,000
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					200,000
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					(American River east of

					Sacramento)

				
					
					318,000

				
					
					250

				
			

			
					
					New Melones

					(already constructed on Stanislaus River)

				
					
					213,000

				
					
					125

				
			

			
					
					High Shasta

					(northern end of Sacramento Valley)

				
					
					1,400,000

				
					
					85

				
			

		

		 THE COMPETITION FOR WATER

		California’s water resources, summarized in the previous section, are at the center of an intense economic and political struggle. Some balance must be reached between the supply and demand for water, but it is far from certain that all Californians will get as much water as they want at a price they feel is right. The two central policy issues in the debate over water are:

		•	How much of California’s potentially available water supply should be developed, and how much left undeveloped?

		•	Who should get how much of the developed supply, and by what process of allocation?

		The chapters that follow provide background for discussion of more specific issues of policy and fact, including:

		•	The issue of costs. What would be the water yields and what would be the costs, in dollars and in less tangible values, of developing new surface sources of water by building new reservoirs, or by other means such as watershed management, lining of canals, desalinization, or wastewater reclamation?

		•	The issue of environmental protection. To what extent should environmental values, such as fish and wildlife resources and whitewater rivers, be protected amid changes in the state’s water system?

		•	The issue of cost-sharing. How much of the cost of water development and distribution should be borne by the general public, by the water users, and by other beneficiaries? This raises questions of financing methods, pricing, subsidies, and environmental impacts.

		•	The issue of institutional reform. Can changes in California’s laws and institutions produce a more efficient statewide system of water supply and management? Would these changes substantially reduce the need for more water development?

		•	The issue of conservation. To what extent can the need for new water development be offset by conservation and/or more efficient water use by the various types of users?

		•	The issue of agriculture’s role. How much increased cost and/or loss of water could California agriculture bear and still remain competitive with other production areas? What kinds of impacts on cropping patterns would occur, and how would they affect different regions within the state? What would be the effects on the state and national economies and on consumers?

		Assumptions and Scenarios

		The teams of authors responsible for the following chapters approached the policy issues primarily from the viewpoints of their individual disciplines. However, to provide relationships among the chapters, the authors proceeded from a common set of assumptions and scenarios. The common assumptions for the volume are:

		(1)	No real disasters, or technical or social breakthroughs for California, e.g.:

		a.	No world war.

		b.	No dramatic change in climate.

		c.	No unforeseen environmental threat or epidemic.

		 d.	No collapse in political, economic, or social system.

		(2)	No dramatic developments significantly easing California’s socioeconomic problems and pressures, e.g.:

		a.	No limit on immigration from other states.

		b.	Continued immigration from Mexico.

		c.	No cheap new energy source. Rising energy prices.

		d.	No dramatic discovery of a new means of water supply or pollution treatment.

		(3)	Demographic projections based upon California Department of Finance Report 77-P-3, Series E-150, December 1977.

		(4)	Continuing pressure from the danger of disruptions in international commerce, energy supply and food supply. This includes the possibility of famine.

		Three scenarios projecting alternative futures for state water supply and demand were chosen. These scenarios do not necessarily represent the authors’ preferences but were selected to provide a uniform set of alternatives for discussion. Although these scenarios are based upon specific assumptions and project distinct courses of action, California’s policy choices undoubtedly will reflect combinations of these scenarios and possibly other directions for change.

		The three scenarios are:

		Current status. This alternative assumes that there will be no major institutional or legal changes; that there will be only small, incremental adjustments in water supply (no big new projects); that crises will be managed on an ad hoc basis; and that there will be a gradual shift of water from agriculture to urban-industrial uses.

		Substantial reallocation. This alternative assumes that there will be no major increase in water supply, but that there will be two significant institutional changes: (1) major revisions of federal and/or state law, providing well-defined and separable property rights to water so as to permit exchanges among willing parties, and (2) development of a marketlike system under state or other sponsorship fostering the buying and selling of water.

		New development. This alternative assumes no major institutional changes, but development of a significant amount of “new” surface water. The sources that might be considered are those listed in Table 1. (The various proposed water development projects in California are not discussed in detail in this volume. Those projects have been extensively studied by federal, state and local water agencies, and there seems to be no need to repeat the information here.)

		Figure 2 provides a visual framework for placing the three scenarios in the context of real-world multiple policy choices. Note that the diagram shows two indicated directions of change from the current status: one toward institutional and/or regulatory shifts, and the other in the direction of more water supply. Located somewhere along these lines are the second and third scenarios described above. The first scenario, of course, is the “current status” box.

		 It is important to note that these two possible directions of change are not mutually exclusive. California’s actual policy choices may well include some of both; on the diagram, such a solution could be located in the area between the two lines.
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		Figure 2

		A Framework for Defining the Scenarios

		
			1 This is additional water that otherwise would not be available. In the case of dams, it represents captured flood flows that otherwise would go to the sea. In the case of the Peripheral Canal, it is water that would not be “lost” during transfer across the Delta. In the case of groundwater storage, it is flood flows that would be stored in underground basins instead of surface reservoirs for conjunctive use.

		

	
		
			 CHAPTER II 
AGRICULTURE

			by 
B. Delworth Gardner, Raymond H. Coppock, Curtis D. Lynn, 
D. William Rains, Robert S. Loomis, and J. Herbert Snyder

		

		ABSTRACT

		Climate, soil and water all determine cropping patterns in California. Limits of the developed supply of water are being approached; in fact, the serious overdraft of groundwater, particularly in the San Joaquin Valley, shows that the replenishable supply is being exceeded. Some undeveloped runoff flows to the ocean—almost 48 million acre-feet in an average year. Much of that, however, is in the protected rivers of the North Coast. Of the developed water supply, agriculture consumptively uses about 85 percent.

		Under these circumstances, the question of agricultural water use efficiency in California is crucial. Two sets of forces, physical/biological and economic, determine the amount of irrigation water used by the state ’s farmers.

		The basic water requirement for crop growth is for the process of evapotranspiration (ET), which has two components—evaporation from soil and water, and transpiration through the leaves of plants. Most ET losses take place through transpiration, which is directly related to crop production through photosynthesis. Production and water use efficiency may drop substantially if the crop is not well cared for; pest, weed and disease control are important, as is adequate nutrition. Overall efficiency of water use in agriculture is closely related to units of crop produced per unit of water applied.

		Some crops use more water than others, largely because of differences in growing season and in length of growing period. Also, some irrigation methods use more water than others, with sprinkler and drip systems often—though not always—more efficient.

		Another factor that determines agricultural water use is its cost, particularly the marginal cost of applying additional water. Many irrigation districts use fixed (per- acre) charges or a combination of fixed and variable charges which may be related to average consumptive use, but do not reflect the incremental cost of water. One possibility for reducing on-farm water use would be to charge all or most of the cost of surface water at a variable (per-acre-foot) price. Groundwater pumpers, of course, already pay according to the amount they use.

		How much water could California agriculture save? Most of the unused water associated with less efficient irrigation is recovered—it returns to the basin water system and is used again. As “recoverable losses, “ these are not really losses at all in a physical sense, although their recovery is not costless in an economic sense. There also are very large “nonrecoverable losses,” mostly through ET, most of which could not be reduced without a concomitant reduction in crop biomass.

		 In response to higher water costs and/or decreased supplies, farmers may: (1) change cropping patterns, (2) cease irrigating some cropland, (3) in some cases, cut water applications to a point below the crop’s maximum need, or (4) adopt new irrigation technology. The first two alternatives would save water for use elsewhere, but of course would affect crop production; the third would reduce nonrecoverable losses, but might be risky, and the fourth would reduce mostly recoverable losses, hence might not significantly increase basinwide water supplies.

		Factors that will influence future water use by California agriculture are: the worsening overdraft problem; expected future water price increases; environmental constraints; future demand for agricultural products; the trend toward more efficient, and expensive, irrigation technology; the issue of varying values of water (implying that economic efficiency gains could be made by transferring water from one area to another); and the issue of water subsidies, particularly the question of whether a proposed project would create more, or less, total wealth than it costs.

		Three alternative futures for California agriculture are:

		(1)	Status quo. This would mean higher real water costs for agriculture without necessarily making more water available for other uses. The potential loss of some Colorado River water and continued overdrafts would add to the pressure on agriculture. Direct economic impacts would be regional, concentrated primarily in the San Joaquin Valley where we would expect some decline in agriculture.

		(2)	Marketlike systems for water transfer. Some water might move out of agriculture, but probably not very much. Most water exchanges would take place within agriculture, from areas of lower crop value with higher water use (particularly the Sacramento Valley) to areas of water scarcity and/or high water prices—particularly the San Joaquin Valley.

		(3)	Development of new supplies. This scenario is strongly preferred by agriculture. However, prospective costs for “new” irrigation water are so high that either “blend pricing” or water subsidies must be involved. Nevertheless, agriculture argues that developing new surface water supplies is necessary to relieve the most critical constraint on California’s farm output, which is a mainstay of the state’s economy and of the nation’s food supply.

		AN OVERVIEW OF CALIFORNIA AGRICULTURE

		In the debate over California water policy, productivity of the state’s agriculture is a central issue. In California, as in few other places in the world, it is apparent that irrigation is one of the most effective means of increasing farm production.

		The state has a total land area of about 100 million acres, most of which is mountains, desert, or rangeland. About 11 million acres now produce crops; about 8 million are under irrigation. From this relatively small fraction of California’s land comes the abundance of food and fiber which is so important in the economy of the state and which contributes significantly to the food supply of the nation and the world.

		California agriculture has developed a complex system—production, processing, transportation, distribution and input supply—that is well suited to its unique combination of natural resources.1  As one result, the state’s gross cash receipts from farm sales have consistently approached 10 percent of the U.S. total every year since 1960. Year after year, California ranks first among the states in cash receipts from crops, and second or third in livestock and livestock products.

		The Economic Contribution

		What is agriculture’s role in the state’s overall economy? One recent study2  indicates that production-level agriculture creates 3 percent of private sector sales and about 3 percent of the state’s personal income. Processing-level activities add 6 percent in sales and another 3 percent in personal income. These are direct contributions; when the “multiplier effect” is considered, the two sectors together create about 20 percent of the private sector sales in California and about 15 percent of personal income. This does not include value added after processing, such as transportation, or wholesale and retail sales.

		The same source indicates that about 5 percent of private sector jobs are directly connected with farm production and another 2 percent with processingrepresenting, with a multiplier effect, about 14 percent of the jobs in the state. California paid over 20 percent of the nation’s hired farm labor bill in 1978.3  On an annual average basis, there are more than 200,000 hired workers on California farms—nearly three times as many as in the second state, Texas.4  In the peak months of September and October over 300,000 farm workers are hired.5 

		California ranks first in the nation in production of more than 20 farm commodities, including such important crops as sugarbeets, processing tomatoes, strawberries, lettuce, peaches, grapes, and navel oranges. It is second in dairy products and cotton. California also produces sizable amounts of red meat, feedgrains, oil crops, and hay—even though it is a net importer of those commodities.

		California agricultural exports contribute substantially to the U.S. balance of trade. Major crops exported include cotton, rice, dry beans, wheat, almonds, grapes, fresh deciduous fruits, raisins, strawberries, and vegetables. The value of exported farm products in 1980 was $4 billion.6  About one-third of the state’s cropland currently is used for producing commodities for export sales.

		The Resource Base

		This agricultural output is made possible by California’s unique combination of climate, land and water—all particularly favorable for highly diverse crop production. Dry summers and a long growing season permit a wide range of irrigated crops that are largely free from the plant diseases and weather risks that plague more humid regions.

		Climate is crucial in the state’s crop production. Warm winters in the desert valleys and cool summers in the central coast make it possible to produce a number of cool-season vegetable crops the year around. Climatic differences lengthen the marketing season of important vegetable and fruit crops. Varying coastal valley climates produce some of California’s world-famed specialty crops— lettuce, strawberries, wine grapes. Perhaps most significant, the San Joaquin and Sacramento valleys, with their long, hot, and dry summers, are suited for high yields of quality deciduous fruits and nuts, as well as the field and row crops that provide a substantial share of California farm income.

		California has some of the finest agricultural soils in the world. The deep alluvial fans found over much of the San Joaquin and Sacramento valleys are productive and, in general, relatively easy to farm. Most soils in the cool coastal and hot southern desert valleys also are well fitted for crop production. Much of the land in California’s valleys is relatively level, requiring minimal grading for surface irrigation. Modern farming tools, such as leveling equipment and deep rippers, have made it possible to modify and irrigate some of the less desirable soils. More recently, sprinkler and drip systems have permitted irrigated agriculture to move on to rolling and hilly land.

		Along with climate and soils, the third crucial resource that makes possible California’s agricultural output is irrigation water. Abundant water, a traditional goal of California’s farmers as well as its industries and cities, exists in certain parts of the state—particularly in the northern one-third and along the western slope of the Sierra Nevada. Unfortunately, limits of the developed supply are being approached and there is fierce competition for what available water is left.

		Since most precipitation in California occurs in the winter, storage is essential for providing water in late spring and summer when irrigation demands are highest. Significant natural storage occurs as winter snowpack at the higher elevations in the central and northern mountains. Reservoirs on practically all the major interior streams in the state provide much more of the needed storage.

		In addition to surface supplies, California farmers pump large quantities of water from underground. Some growers rely entirely on surface water, others get their total supply from groundwater, and many others use a mix of surface and groundwater. As described in Chapter 1, groundwater overdraft is a crucial problem.

		Much of the remaining undeveloped surface water is protected from development under the wild and scenic rivers program, which includes the major North Coast streams. Furthermore, any additional water development would be costly, both because construction costs are escalating and because the more easily developed water already has been captured.

		Agricultural growth and productivity in many parts of California are constrained today by scarcity and/or cost of one resource—water. This is evidenced by the extent of summer fallow and minimum-water crops that can be seen even in prime agricultural districts. If irrigation water becomes less available, physically or economically, the acreage of dryland grain and pasture will increase.

		Another growing threat to the state’s agriculture is deterioration of soil quality from waterlogging and increased salinity, mostly as a result of irrigation.7  (Much irrigation water in California and the West carries significant amounts of salts. These accumulate in the soil as the water is removed by evapotranspiration.) This is no problem on lands where there is adequate drainage, but in many lowland areas—including possibly one-fourth of the San Joaquin Valley—irrigated agriculture cannot exist indefinitely without drainage.

		DETERMINANTS OF WATER DEMAND

		IN CALIFORNIA AGRICULTURE

		Two interlocking sets of forces determine the amount of irrigation water used by California farmers. The first set is physical and biological, and is based on the water requirements of crop plants and the losses inherent in conveying and applying irrigation water. The second is economic, and is based on the relationships between the cost of irrigation water, the costs of other inputs such as land and labor, and the prices received by farmers for what they sell.

		 Water Needs for Crop Production

		The amount of water used to grow a crop depends upon a number of physical and biological factors, the most important of which is evapotranspiration, or ET. (Another important requirement may be for leaching salts from the root zone.)

		Table 1 shows average daily and seasonal rates of “potential” ET for various regions in California. ET has two components: (1) direct evaporation of water from soil and water surfaces and (2) transpiration of water through the plant. The potential ET rates in Table 1 are the maximum amounts of water that plants will use if adequate soil moisture is available, and if the foliage covers all or nearly all of the ground. ET rates of full-cover crops are controlled by solar radiation, moisture in the air, temperature, wind speed, the reflectiveness of the surface, and water supply.
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