
AN ECONOMIC ANALYSIS 
OF WATER AVAILABILITY IN CALIFORNIA CENTRAL VALLEY 

AGRICULTURE 

Phase I1 Draft Report 

February 14, 1992 

CENTER FOR ECONOMIC STANFORD 
POLICY RESEARCH UNIVERSITY 



AN ECONOMIC ANALYSIS 
OF WATER AVAILABILITY IN CALIFORNIA CENTRAL VALLEY 

AGRICULTURE 

Phase II Draft Report 

Sandra 0. Archibald, Ph.D 
Assistant Professor ' 

Food Research Institute 
Stanford University 
Principal Investigator 

Thomas E. Kuhnle, M.A. 
Research Associate 

Center for Economic Policy Research 
Stanford University 

Robin Marsh, Ph.D 
Senior Research Associate 

Center for Economic Policy Research 
Stanford University 

Mary Renwick, M.A. 
Research Associate 

Center for Economic Policy Research 
Stanford University 

Barton Thompson, Jr., M.B.A., J.D. 
Associate Professor 

School of Law 
Stanford University 

Center for Economic Policy Research 
100 Encina Commons 

Stanford, California 94305 



PHASE II DRAFT February 14. 1992 

TABLE OF CONTENTS 

. 1.0 Introduction ............................................................................... 1 - 1  

.................................................................................... 1.1 Background 1-1 
............................................................... . 1.2 Study Goals and Objectives 1 1 

............................................................................. 1.3 Study Approach 1 - 4  
................................... . 1.3.1 FhseIDescription ; .............................. 1-4 
................................................................. 1.3.2 Phase I1 Description 1-5 

.................................................... 1.3.3 Objectives forphases III andIV 1-6 
........................................ 1.4 Assumptions Regarding the State of the System 1 - 6  

............................................................ 1.4.1 Available Water Supplies 1-7 
................................................. 1.4.2 System and Conveyance Facilities 1-9 
............................................... 1.4.3 .Legal and Institutional Assumptions 1 -9 
........................................... 1.4.4 Economic and Financial Assumptions ; . 1. 10 

............................................................. 1.5 Limitations of Study Approach 1. 10 

.................................................................. 1.6 Organization of the Report 1-11 

..................................................................... 2.0 Profrle of Case Studies -2- 1 

.................................................................................. 2.1 Case Studies 2.1 
....................................................... 2; 1.1 Case Study Selection Criteria 2. 1 

...................................................... 2.2 Case Study Characteristics , .....:..... 2.5 
............................................................. 2.2.1 Irrigation Water Sources 2.6 

......................................... 2.2.2 Institutional Structure of Water Suppliers 2-8 

............................................. 2.2.3 Physical Structure of Water Suppliers 2-12 
............................ 2.2.4 Production, Irrigation Technology and Water Costs 2. 12 

.................................... 2.2.5 Local Economy Characteristics ......... .. 2 - 2 2  

. 2.3.6 Resource Quality Issues ............................................................. 2-22 

.................................................. 3.0 Framework for Phase 11 Field Research 3. 1 

3.1 Linkages Between Water Suppliers. Agricultural Producers and Local 
.................................................................................... Economies 3-1 

Ag . Econ StudylCEPRlStanford University 



February 14. 1992 PHASE ll DRAFT 

3.2 Initial Supply Conditions ................................................................... 3. 1 
....................................................... 3.2.1 Water Supplies in C a W d  3 - 3  

3.2.2 Institutions and Water Rights in California ........................................ 3-4 
3.2.3 Water Deliveries from Developed Surface Water Sources: the Central 

..................................... ........... Valley and State Water Projects .. -3-7 
3.3 DistaictImpaas .............. .. ....... .. ........... 3 - 1 0  

3.3. f District Water Supplies .............................................................. 3-10 
3.3.2 District Objectives and Authorities ................................................... 3-11 
3.3.3 Constraints on District Responses .................................................. 3-13 

3.4 Prod- Impacts ............................................................................ 3-14 
3.4.1 Supply Levels ...................................................................... 3-14 
3.4.2 Farm-level Adjustments ............................................................. 3. 14 
3.4.3 Constraints on Producer Responses .............................................. -3- 16 

3.5 LociilEconomy Impacts ..................................................................... 3-17 

. 3.6]DataNeeds.StatusofD~CoUectimandSources ..................................... 3-18 

................ 4.0 DisGct ~esponses and Adjuslments to Changes in Water Availability 4-1 
4.1 Introduction ................................................................................... 4-1 

4.1.1 District Adjustment Mechanisms: Short-Run Responses and 
Long-Run 'Adjustments ................................................................. 4-1 

4.1.2 Oppomnities and Constraints ...................................................... 4.3 
.................................................................. 4.1.3 Iden-g Imgacts 4-5 

. 4.2 District Water Suppks ...................................................................... 4-5 
............ .................. 4.2.1 District Project Water Entitlements and Deliveries ; 4-5 

........................................... 4.2.2 Total District Water Supply Availability 4-13 
4.3 District Adjustment Mechanisms to Changes in Water Availability .................... 4.22 

4.3.1 Mechanisms to Maintain and Enhance Water Supply 
.................................................... and Improve Supply Reliability 4-30 

............................... 4.3.2 Mechanisms to Allocate Available Water Supplies 4-55 
4.3.3 Mechanisms to Improve the of Water Delivery 

and Use .............................................................................. -4-72 
4.4 Concluding Remarks ........................................................................ 4.82 

Ag . Econ StudylCEPRlStanford University 



PHASE II DRAFT 

SiO Producer Adjustments. Constraints and Impacts fiom Changes . . .......................................................................... in Water Availabhty 5. 1 
.................................................................................... 5.1 Introduction 5-1 

5.1.1 Producer Adjustment Mechanisms: 
.............................. Short-Run ~ e s ~ o n s e s  and Long-Run Adjustments 5-1 

...................................................... 5.1.2 Oppatmities and Constraints 5.3 
.................................................................. 5.1.3 Identifying Impacts 5.3 

5.2 Farm-level Characteristics Likely to Affect Adjustments ............................. 5-4 
.................................................................... 5.2.1 Cropping Patterns 5-4 

......................................................... 5.2.2 Gross Value of Production 5.2 1 
.................................. 5.2.3 Number of Farms and Indicators of Farm Size 5.30 

5.2.4 Land Values .......................................................................... 5.34 
....................................................... 5.3 Farm Level Surface Water Supplies 5.36 . 

................................... 5.4 Mechanisms to Maintain and Enhance Water Supplies 5.36 
......................................... 5.4.1 Extraction of Groundwater by Roducers 5.37 

..................................................... . 5.4.2 Water Transfers by Roducers -5-48 

5.5 Adjusting Water Demand to Meet Producer Objectives ................................. 5.54 
55.1 Changes in Cropping Patterns ...................................................... 5.54 

.................................................... 5.5.2 Lower Water Application Rates 5.74 
......................................... 5.6 Mechanisms for Using Water More Effciently -5-76 

............................................................ 5.6.1 Inigation Improvements 5.76 

6.0 Research Findings on Responses and Adjustments 
.............................................. to Water Scarcity by Districts and Producers 6. 1 

....................................................................... 6.1 District Water Supplies 6. 1 
6.2 District Responses and Adjustments ....................................................... 6-3 

............................................ 6.2 1 Mechanisms to Maintain Water Supply 6-4 
6.2.2 Mechanisms to Allocate Available Water Supplies .................. : ............ 6.7 

...................... 6.2.3 Efficiency Improvements in Water Delivery and Use ... 6-10 
................................................... 6-3 Producer Responses and Adjustments 6-11 

.......................................... 6.3.1 Case Study Farm-Level Characteristics 6-12 
.................................................... 6.3.2 Alternative Sources of Supply 6. 12 

Ag . Econ StudylCEPRlStanford University 



February 14,1992 PHASE II DRAFT 

7.0 Inventory of Impacts for Future Analysis ................................ .............. .eo7- 1 
7.1 Introduction. .... .. . . . ..... . . .. ... .. . ...; .... ..... ... . . . ... . . . ....... ,. . .. . . . ... . ... .. . .. . . . . . .7-1 
7-2 DefbhgImpacts .............................................. ....... ~oe~...o~.~.~.eee~ .... +.7-2 
7.3 Identifying Impacts of Reductions in Surface Water Suppfies . ...,,. . ., , . . . .. . . . . . . . . . .a-3 
7.4 Identifying Constraints on Adjustments .................. IIIII1.IIIIIIIII1 1 1 ~ ~ o . o ~ ~ ~ . . d - 3  
7.5 ~opsedPlanofStudy: P W I l n a n d W  ................ o ~ ~ ~ o ~ . ~ e o ~ o ~ ~ ~ o ~ o . ~ ~ . . . .  7-19 
7.6 Tasks for Completion in Phases III and IV ...................................... ...,,... 7-19 

Appendix A: List of TAC Members 
Appendix B: Field Interviews 
Appendix C: Self-supplying Irrigators 

Ago Ewn StudylCEPRlStanford university 



PHASE ll DRAFT 

1 .O INTRODUCTION 

The Sacramentdsan Joaquin River Delta system plays a critical role in the Womia  economy. 
The Mta and its tributaries provide a significant share of the water resources required to meet 
municipal, industrial, agricultural, mxeational and envhmmental needs. Each of these sectors 
contributes to the economic well-being of the entire state. The agricultural sector is both one of 
the top contributors to the state's economy and the largest consumptive usef of its water 
resources. As the State Water Resources Control Board (SWRCB) engages in a process to 
balance competing uses of scarce water supplies, understanding the economic and financial 
consequences of reduced water availability for California agriculture, its related industries and 
l d  economies is critical. 

. - 
The Bay-Delta Hearings 0.. 1485) Economic Work Group identified the need for an 
independent assessment of the likely impacts of improved water quality and flow standards in 
the Delta on agriculture. This study is designed to provide information to the SWRCB as it 
enters the "water rights phase" of the Bay-Delta Hearings. The focus of the analysis is an 
assessment of the short and long-run economic and financial impacts of water supply 
reductions on California's agricultural sector and related industries. Representatives of 
govefnment, water agencies, agriculture and environmental organhations participated in the 
design of the study to assure common understanding and agreement on the research base used 
for analyzing the impacts of alternative water supply scenarios. 

1.2 Study Goals and Objectives 

Research for this study was conducted in a phased, interactive manner to assure that the diverse 
participating parties were fully informed during the process. The study team and its Technical 
Advisory Committee (TAC) proposed a study approach that would capture the complex legal, 
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.institutional and physical envjronments in which water agencies and produceas operate and the 
-+ 

implications these complexities present for assessing adjustments and impacts. . 

A case study approach was selected to capture an8 reflect these complexities. The lack of a 
consistent, state-level data base covering the 1peIsstionships ktweem water availability, the 
agicuftmd sector md the state's economy provides additioftd impetus for a case study 
approach. Through this approach the legal, institutional and physical system constraints facing 
decision makers as they respond to duced water supplies can be examined at a disaggregated 
level. This level of analysis is necessary for an accurate identification of the financial an8 
economic impacts a f f d g  districts and producers. 

The documented responses of water suppliers (water districts, irrigation districts, water storage 
districts and other organizations) and agricultural producers to drought-induced water 
scarcities, Both present and historical, provide an indication of the nature and likely direction 
and magnitude of the economic and fmancial impacts of future supply ductions. Bn analysis 
of short-run responses to water reductions can help to iden* both positive and negative 

. impacts that are largely temporary. Imr the long-run, however, continued shortages will 
necessitate adjustments with longer t m  implications for water suppliers, production 
agriculture, related agricultural industries and the state's economy more broadly. This study 

provides a research base for such an assessment. 

Specific objectives for the study include: 

~~e the research base neaxied to assess the likely short-run and long-run 
impacts of a range of alternative supply levels on agriculture, related 
industries and local economies, and the resource base; 

Through a study of selected water supply districts, and based upon available 

daw 

-identify the magnitude of water supply reductions for selected water 
suppliers and related short-run responses and long-run adjustments; 

-ident@ the existing legal, institutional and physical system constraints 
and opportunities which guide observed adjustments to water 
shortages; 
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-identify the resulting range and distribution of observed and potexitid 
eSonomib impacts =levant to water suppliers and a g r i c d w  prod- 
faced ~ 4 t h  shortages ; and 

-identi@ indicators of change in local economy and resource quality 
conditions xesdting fiom adjustments to water shortages at the district 
and farm-levels; 

Evaluate the direction and magnitude of key district, producer, local economy 
and resource quality impacts, based on the case studies. The economic impact 
analysis will be guided by a "partial" net social welfare framework that 
considers both the private and social costs and benefits of adjustments to 

reduced surface water suppliers. Quantitative andlor qualitative analytical . 

techniques will be used to estimate impacts, depending upon data availability. 

Analyze the potential "mitigating" effects on the case studies of changing or 
"relaxing" certain prevailing physical and institutional constraints on 
adjustments (e.g. changes in physical system capacity and legal and 
institutional rules and regulations); 

Explore the extent to which the case study results can be generalized at higher 
levels of aggregation - both regionally and statewide. 

Phase 11 of the study, presented in this report, focuses on assessing the short-run responses of 
water suppliers and agricultural producers to recent water shortages and idenming potential 
long-run adjustments. Adjustment opportunities and constraints have been analyzed. The 
Uely economic impacts of these adjustments have also been identifie& A research plan for 
Phases I'D .d W has been developed (see Chapter 7) which specifies additional data needs and 
an analytical framework for assessing the direction and magnitude of the key economic impacts 
identified in phase II. Methods for extending the case study results regionally and statewide 
will be determined during Phase IlI for completion in Phase IV. 
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1.3 Study Approach 

The =search has .been divided into several phases with specific tasks identified for each, 
following the original gragosaL 

1.3.1 Phase I Description 

In Phase I the methodoIIogy and scope of the project were developed. The cask study approach 
' 

was adopted for the initial investigation as that most likely to ensure an understanding of the 
complex legal, institutional, physical, esonomic sand financial relationships h t  exist between 
the California water industry, Y, agricultural sector and the rest of the state economy. 

Criteria were developed to guide the selection of the study areas. Water supply districts were 
selected as the usit of analysis to contxol for clifkmcm im water sources, costs and reliability, 
and to capture a variety of institutional arrangements, including decision making and ' 

* 

governance structures likely to affect intra- and inter-district water allocations and costs. 

Seven water supply districts and a sample of agriculturd producers who are "self-suppliers" of 
irrigation water were selected for the case studies. These cases cover the major agricultural 
counties in California's Central Valley. In aggregate, these distticts receive approximately 35 
percent of Central Valley Project (CVP) entitlements amd 32 percent of State Water Project 
(SWP) entitlements in the San Joaguin Valley and cover abu t  20 percent of California's 
irrigated acreage. The case studies reflect the significant heterogeneity that exists in California 
agriculture with respect to water supply sources, hydrology and soil type, production 
opportunities, farm structure and size, irrigation technology, and other important 
chteristics. 

Phase I qsearch also identified the information needed to assess the adjustments resulting from 
reductions in water availability. The scope of data collected in this phase was sufficiently 
broad to accommodate an array of analytical methodologies that might be used in later phases 
of the study. 

Finally, Phase I research delineated an initial conceptual framework to identi@ the complex 
relationshi~s between water source, wata suppliers, agricultural producers and local 
economies. This framework was designed to seme as a guide for evaluating the full range of 
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financial, economic and environmental impacts likely to result fiom reductions in water 
availability. The -work also describes the prevailing physical system, and the institutional 
and legal constraints that affect the adjustment paths of water suppliers and agricultural 
producers. 

All Phase I steps were reviewed by the Technical Advisory Committee of the Bay-Ddta 
Economic Work Group. The results are reported in the working document: Phase I Rcpan: 
Economic ~mpacts of Water Availability on California Agriculture, July 1991, md are . 

summarized in Chapter 2 of this Phase II Report. 

1.3.2 Phase II Description 

The major objective of Phase 11 was to assemble a research data base for use in the economic 
analysis of identified impacts in lam phases of the study. In Phase 11, field interviews were 
conducted in the case study dis&ts and information identified in Phase I was collected. Gaps 
in currently available information and knowledge were identified.' To this end, data on normal 
and critical year CVPISWP entitlements and deliveries and o h  sources of supply including - 
groundwater and water transfers were obtained for the 17 year period, 1975-1991. Methods. 
of allocating supplies under nonnal conditions were assessed and changes in those allocation 
methods to meet critical year requirements were identifed The specifications of the physical 
delivery system were obtained with particular attention paid to levels of water delivery 
efficiency, current and planned system improvements and existing system constraints that may 
limit districts' abilities to meet changes in the nature and timing of users' demands for water. 
In addition, the mechanisms districts employed for adjusting to reduced water supplies while 
meeting on-going district financial obligations were exploaed 

Data to assess producer impacts were also collected. District crop surveys were tabulated for 
the years 1975-1 990, and preliminarily for 199 1. Water allocations to producers in both 
normal and critical year periods were obtained and retail pricing policies assembled. District 
estimates of grower groundwater extractions were obtained where available. Information on 
the number of landowners and farm entities, and corresponding size of holdings, was obtained 
from districts. In some cases, particularly with respect to identifying changes in levels and 
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types of input demands, district data w a  augmented with published county and/or state level 

data. 

Phase XI did not include resources to conduct survey interviews with producers, but rather, 
was designed to identify available produc&level data Nevertlae1ess, inmviews were 
conducted with growers in each of the districts to supplement aggregate district data and 
identify variable conditions which must be considered in intqmeting district level data. 

6.3.3 Bbjectjves for Phases Ill and IV 

'Ike case study approach used in Phases I and II of the study will be continued in Phase IlI, 
building on the reseagh base developed thus far for analysis of selected district, producer, local 
economy and resome quality impacts. ~ h e s e  impacts will be rnode~ed using surface md 
groundwater supply assumptions provided to the study team by the 'Fahnical Advisory Committee 

(TAC). These assumptions will be expressed as "probabilities" of delivering different levels of 
supply a CVP and SWP contractors, and will approximate the reduction levels expected from - 
changes in water quality standads in the Bay-Delta. Specific objectives for Phases IH and IV 
include: 

Measuring-both qualitatively and quantitatively---the direct and hdkc t  
economic impacts to case study districts, producers, local economies and the 
agricultural resource base of surface water supply reductions under TAC- 

provided water supply scenarios, within existing constraints; 

. Myzing  how these measured impacts might be reduced or mitigated by 

relaxing certain constraints, including changes in physical systems, regulations 
and institutional arraugements; 

Extending the results of the case study analyses to draw out anticipated impacts 
of water supply reductions both regionally and statewide. 

1.4 Assumptiens Regarding the State of the System 

As discussed above, Phase II of the study examines actual responses to water shortages 
experienced by the selected case study districts during drought conditions as a mechanism for 
identifying the scope and range of likely economic and financial impacts under more permanent 
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water supply reductions. As'such, certain assumptions are in place regarding water supply 
levels including quality, storage,. conveyance and timing of delivery constraints, allocation 
mechanisms and prices, and the f m c i a l  status of g o v m e n t  projects, water districts and 
producers. 

It is important to make these assumptions explicit both as a basis for judging the adequacy of 
the research base assembled and for future analysis of impacts. Given that some important 
aspects of water supply, delivery and allocation are "fixed" over a period of time by the high 
capital costs of constructing new facilities and the legal and contractual arrangements which 
guide allocation of existing supplies, a humber of these assumptions will also hold in any 
sensitivity analysis of alternative supply models over a fairly long t h e .  period. Explicit 
trea-t of t h ~  constdnts will also highlight areas for potential policy changes. 

The assumptions made to facilitate the research in this report break down into four categories: 
available water supplies, system and conveyance facilities, legal and institutional, and . 

economic and financial. In Phases III and IV of this study, these assumptions may be relaxed 
to accommodate analysis of different proposals for mitigating the impacts of water supply 
reductions. 

1.4.1 Available Water Supplies 

This study is unique in that it uses the dry conditions experienced in California during the late 
1980s and early 1990s to &tennine how water supply entities, agricultural producers and local 
communities have adjusted to reduced supply levels. District water supply availability includes 
total water received from all sources, not just surface water received under contracts or 
agreements with the state and federal projects. Included are surface water deliveries and 
augmentations from water transfers and groundwater.sourees. These supplies are a function of 
physical, legal, and economic parameters on the state and local water conveyance systems. 

Estimates of total supply reductions in the state and federal projects from normal year deliveries 
are only preliminary at this time. Estimates indicate that total CVP deliveries were 20 and 37 
percent below the 1985 level of 6.5 MAF in 1990 md 1991, respectively (Carter, USBR). 
This amounts to approximately 1.3 and 2.4 MAF reductions in total deliveries. Deliveries to 
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agriculture for these same years are estimated at 22 and 38 percent below 1985 levels, that is, a 
reduction of 1.3 and 2.2 MAP in 1990 and 199 1, respectively. 

For the SWP, water deliveries totalled 2.3 MAP in 1985, but hcreased to 2.85 MAh; im 1989 
as bth demand a d  enti~cmeuts increased. In. 1990, total SWP de1lvexies increased by am 
estimated 1% percent as c o m p d  with the 1985 kvef, and decreased by 11 percent as 
compared with 1989. In 1991, SWP deliv&es were reduced by 50 and 60 percent as 

.-compared with 1985 and 1989 levels, nspectively (estimates by DWR staff). For agriculture, 
the SWP reductions in 1990 amounted to 54 percent as compared with 1985 and 48 percent as . 
compared with 1989; the reductions were 100 percent in 1991 for both base cases. SWP . 
allocation cuts are subject to contractual rules for apportioning dry year reductions between 
municipal and agricultural users. 

Thus, given available infomation at this this on CVP and S W  pioject deliveries, the 1990 
and 199 1 &ought conditions translated to a reduction im antid surface water supplies of 1.63 
and 3.98 W, respectively. Although no fitpl estimates or even ranges of estimates have 
been provided thus far On the likely impact of changes in Bay-Delta watcr quality standards on 
water availability to agriculture, informal c o n v d o n s  with experts on Delta ecology indicate 
that the upper bound on water flow reductions from the Delta would be included in these 
drought-induced supply cuts. 

The water supply reductions experienced during the last two years vary widely by district. 

Some districts faced 100 percent reductions in f m  water contracted supplies while others . 

experienced no reduction in f m  entitlement at all. Districts' abilities to augment project cuts 
with alternative water supplies also varied widely. These differences arc related to water 
somes, the availability of groundwater supplies, the nature of the right or contract underlying 
access to surface supplies and the district's ability both in physical and financial terms to import 
additional water. By examining a wide range of delivery reductions, this study should provide 
insight on representative impacts that might be anticipated under several Werent water quality 

policies and allocation schemes. 

For the next phase of the sGdy, working with the TAC and experts in the state and federal 
system, alternative water supply scenarios to meet specified assumptions regarding water 
quality atne flow requiaewents will be developed. 
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X4.2 System and Conveyance Facilities ' 

For Phase 11 of the study, existing water storage and conveyance facilities were taken as given 
and fixed. At present there are several proposals for augmenting these facilities to increase the 
reliability and quantity of developed water supplies in the state. Some of the more prominent 
facilities under discussion include: a cross-Delta canal, Los Banos Grande Reservoir, Auburn 
Dam, the ~ & n  Water Bank and the North and South Delta Improvement Projects. Severe 
budget constraints within the federal and sfate governments coupled with environmental 
concerns and the expected high marginal costs of water developed from these facilities make it 
unlikely, however, that these projects will come on-line in the near futua. 

1.4.3 Legal and lnstltutional Assumptions 

The study recognizes that cuxnt  laws and institutions affect both the positive and negative. 
impacts of water reductions on California agriculture, and the ability of agriculture to mitigate 
any negative impacts: Numerous institutions affect the allocation of water to and among 

+ - 
growers, including local districts, state agencies and the federal Bureau of Reclamation. 
Federal and state laws restrict the discretionary authorit* of these institutions, as well as 
directly regulate the manner in which water is developed, allocated, transfemd and used. . 
Federal commodity and set-aside programs constrain the ability of farmers to switch crops or 
mod@ their contractual obligations in response to changing water supplies. 

Phase II of the study examines water supply shortages, and the responses to those shortages, 
given current institutions and laws. This phase does not attempt to determine what the 
shortages and responses might be with diffe~ent institutions and laws. Macations of current 
laws and institutional authority, however, may well be able to reduce or mitigate those 

shortages and resulting responses and impacts, as will be shown in Phases III and IV. To 
obtain a better understanding of how institutions and laws can affect water supply and available 
mitigating measures, the study looks at the major types of districts that supply water to Central 
Valley farmers (irrigation districts, water districts and water storage districts). The study, in 
Phase I . ,  and later in Phases III and IV, also examines the potential of legal and institutional 
changes to mitigate the impacts that might result from changes in water rights, including 
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changes in federat commodity programs and the Nes  and regulations of the USBR and DWW 
that affect water deliveries. 

6 -4.4 Economic and Flnanclal Assumptlows 

Economic analysis relies on a number of fundamental assumptions with respect to the way in 
which markets and prices function to allocate resources. Since it is clear that the complex 
institutional and legal environment in which water is developed, distributed and allocated shape 
both markets and allocative mechanisms, carefL1 attention to how the water industry and the 

production sector depart from r m d  assumptions regarding eficient or bbfiee" markets will be 

made throughout the study. In this Phase of the study, care has been taken to assure that the 

mearch base developed is sufficiently broad to accommodate to a wide variety of economic 
modeling approaches and andflcd methods. 

1.5 - Limitations of Study Approach 

The large reduction in'available water supplies experienced in 1990 +nd 1991 provides 
information on actual responses and adjustments experienced by farmeis and their 
communities. By analyzing these responses and adjustments at the case study level, as well as 
changes in local economy &d resource quality conditions, the magnitude anddistribution of 
ensuing wonsmie md financial impacts can be assessed. 

'here ar% limitations, however, to this approach. Water suppliem and agricultural producers 
may have responded to drought conditions with "emergency" measures that may not reflect 
their most efficient long-term strategy for a g i n g  reduced water availability. The study of 
drought conditions also confines analysis to a particular scheme for allocating water supply 
reductions. The five-year 1986-1991 period of short supplies, although not approaching the 

critical year scarcity experienced in 1990 and 1991, has likely led to longer term adjustment 
decisions. Additionally, as with all case study approaches, there is a trade-off between the 
complex and detailed treatment of a thorough bat limited data set, on the one hand, and the 
degree to which such results can be e ~ ~ p o l a t e d  and generalized, on the other. The 
implications of these limitations will be addressed in Phase m. 
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1.6 Organization of the Report 

The report is divided into seven chap-.. Chapter 1, presented above, discusses briefly the 
case study methodology, study assumptions with respect to water supply availability, the 
existing physical storage and conveyance system, the legal environment related to water use 
and the economic framework employed in the analysis. Study limitations are also highlighted 
in this chapter. 

Chapter 2 summarizes the results of Phase I-of the study; It states the criteria that were 
employed in selecting the particular cases, including geographic representation, water source 

. diversity and physical system characteristics. This chapter also details the cropping systems, 
production structure, irrigation.technology and different crop water requirements for each case 
tb demonstrate that the diversity of California agriculture in the study area is adequately 
represented. 

. Chapter 3 provides a framework for the case study research which outlines the complex 
linkages between water supply agencies, both wholesale and retail, agricultural producers and 
local economies. Chapter 3 also discusses the data sources employed in this phase of the . . 

analysis, including data shortcomings and priority needs for the next research phase. 

Chapter 4 presents the case study analyses from the Phase I1 field research. This chapter, 
which builds upon the linkages discussed in Chapter 3, describes the observed district 
responses and adjustnients to water shortages ovei the past several years.  dou us initial 
constraints on the districts are highlighted and resulting impacts are identifled. 

Chapter 5 provides parallel information on key grower responses and adjustments to reductions 
in district-provided water supplies, based solely on district information and other primary data 
sources. This chapter includes aggregate estimates of well development, changes in energy use 
and shifts in cropping patterns both within case districts and with respect to the rest of the state. 
Key information needs for Phase III are also discussed. 

Chapter 6 presents .a summary of Phase I1 research findings, focusing on the responses and 
adjustments of the case study,districts and producers to water supply reductions. 
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Chapter 7 presents an ~ventory" of impacts associated with the district and producer - 
responses and adjustments to water shortages discussed in Chapten 4 and 5 and swnmarized 
in Chapter 6. Impacts have been broadly Mined to include the full range of direct and indirect - 
(both private and social), short-nun and long-m changes that resulted or can be expected to 
result from reductions in water supplies to Central Valley agriculture. An "inventory" of 
constraints affecting district and producer Becisions is also provided. The chapter concludes 

with a proposed plan of study for Phases III and IV. 
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2.0 PROFILE OF CASE STUDIES 

2.1 Case Studies 

. In Phase I of the study, case studies were developed for eight Central Valley water 

. . suppliers, including seven water supply districts and a sample of self-supplying producers. 
Study areas were selected to represent the Central Valley's heterogeneous agricultural . . 
sector. The selection criteria for the study mas are described in Table 2.1. Table 2.2 lists 
the selected cases and their location. Figure 2- 1 displays the study area 

2.1 .l Case Study Selection Crltaria 

Case study areas were selected on the basis of seven characteristics: 

geographic location; 

irrigation water some(@; 

water supplier structure (including district size, delivery system and legal 
kmework); 

cropping system (including principal crops, water intensity and irrigation 
technology); 

farm size and s9puctu~ (including fann size, ownership atld operator 

W); 

role of agriculture in the local economy; and 

* resource quality and water management/conservation issues. 

.These criteria were chosen for two principal reasons. First, as mentioned above, they 
ensure that the selected districts and service areas reflect, to the degree possible, the wide 

hydrological, production, and institutional heterogeneity that exists in California's Central 
Valley agriculture. Second, by examining study areas with varying characteristics, a 
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Wheeler 
Rldge 
WSD 

- .  

Table 2.1: Proposed 
Proposed Crlterla 
for Selectlon 

Water Sources 
Surface Water 

CVP 
SWP 
approptv. rgts 

Groundwater 
Storage 
Banking 
Exchanges 

Dlstrlct . Structure 
Legal Authority 
Services Provided 

irrigation 
municipal 
industrial 

Conveyance System 
Pricing policies 

Cropplng Systems 
Permanent Crops 
Annual Crops 
Water Intensity - 
irrigation Tech. 

furrow/border 
sprinkler 
drip/micro-jets 

Diversity 
Calif. Dominance 

Farm Structure 
Ownership Patterns 
Size Distribution 
Organizational Type 

Production Costs 
Labor 
Capital 
Other Inputs 

Other Issues 
Conservation Prgms 
Wildlife Habitat 
Drainage 
Groundwater Quality 

Criteria 
Arvln- 
Edlson 
WSD 

for 
Central 
Callf. 

ID 

Selecting 
El 

Dorado 
ID 

Case 
Glenn- 
Colusa 

ID 

Studies 
Lost 

'Hl lss 
WD 

West- 
lands 

WD 
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.- 
Kern 

Table 2.2: Location of Case Study Distrl 
District 
Arvin-Edison Water Storage District 

' 

.1 . 
Stanislaus, Merced and Fresno 
El Dorado 
Glenn and Colusa 
Kern 
Sierra and Plumas 
Fresno alnd Kings 
Kern 

Central California lrrigation District 
El Dorado Irrigation District 
Glenn-Colusa lrrigation . District 
Lost Hills Water District 
Self-Supplying Producers 
Westlands Water District 
Wheeler-Ridge Maricopa Water Storage District 
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Figure 2.1: Study Area, Selected .Cases 
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broader range of district and pmduecr opportunities and constraints for responding to 
changes in water supply conditions and as&ted hnpadts can be identified. 

- 2.2 Case Study Characteristics 

This section provides details of the study area characteristics. Of the eight cases, seven are 
organized districts with brief profiles provided below. The eighth case consists of a sample . 

of producers who supply their own irrigation . . water secured through riparian and/or 
appropriative water rights. These self-supplying producers were selected with the 
assistance of the TAC and are not included in the following tables (except for Tables .2.3 
%TI(% 2.9). Appendix C presents information on the sweyed self-supplying producers. 

Arvin-Edison Water Storage District (AE) was fonned in 1942. It is located in the southern 
end of the San Joaquin Valley about twenty miles south of Bakersfield. Central Valley 

. Projst (CVP) higation water is supplied to the District mtough the Fiiantl~em Canal. 
The District also receives Delta water through the Cross Valley Canal. Arvin-Edison's land 
area is 132,000 acres, of which 92,818 were planted to crops in 1989. The crops with the 
most acreage include grapes, potatoes and cotton. 

Cenrral California Irrigation District (CCID) was f o d  in 195 1. It is located in the central 

S& Joaquin VaUey between the cities of Mendota and Crows Landing. CCID is an 
exchange contractor with the USBR CVP irrigation water is supplied to the District 
through the Delta-Mendota Canal. The District's land area is 144,000 acres. With double 
cropping, 149,047 acres of cropland were planted in 1989. Leading crops include cotton, 
alfalfa, beans and grain. 

El Dorado Imgarion Dism"cr (EID) was formed in 1925. It is located in the foothills of the 
Sierra Nevada northeast of Sacramento with its central ofice in the town of Placerville. 
The District receives water from the W s  Sly Park ~esewoir facility and Folsom Lake, 
as well as through a contract with PG & E for American River water. The District's land. 
area is 139,000 acres, of which 7,086 were planted in 1989. The principal crops are fruit 
trees, irrigated pasture and hay. 

Glenn-Colusa I?TiganMon District (GCID) was fonned in 1920: It is located in the 
Sacramento Valley between Hamilton City and Williams. The District receives irrigation 
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water from the CVP and through appropriati~e'ri~hts to the Sacramento River. GCTDOCID's 
land area is 175,000 -, of which 111,704 were'planted to crops in 1989. Rice is the 

dominant crop. 

Lost Hills Waer Bim'ct (EHWP) was formed in 1963. It is located on the far west side of 

the Sm Joaquin Valley northwest of Bakersfield The District depends entirely on 
entitlement water fiom the State Water Project retailed through the Kern County Water 
Agency. It's land area is 72,000 a.&es, of which 44,136 acres were planted in 1989. 
Leading crops include pistachios, almonds, cotton, grapes and barley. 

Wedan& Water District (WWD) uias farmed in 1952 and is the largest agricultural water 
supplier in California. It is located mthe west side of the San Joaquin Valley between 
Fresno and the California Coastal Range. The District receives higation water &om the 
CVP h u g h  the Delta-Menotab and Sam Luis ~~. Westlands' land area k 605,000 
axes, of which 567,817 acres were planted in 1989. A wide variety.ofcrops aue p w n  im 
the District, with cotton and processing tomatoes leading in k g e  planted. 

Wheeler Ridge-Maricopa Water Storage District (WRM) was f ~ e d  in 1959. It is located 
on the. west side of the San Joaquin Valley about 25 d e s  southwest of Bakersfield. The 
District receives irrigation water from the State Water Project through the Kern County 
Water Agency. Its land area is 147,000 acres, of which 88,937 were planted in 1989. 
Cotton, vegetables and grapes are the principal crops. 

2.2.1 Irrigation Water Sources 

District management of reduced water deliveries and increased water supply variability is 
influenced by the number and types of water sources relied upon by the district. Table 2.3 

shows the primary water sources for the seven case studies. Four of the districts are U.S. 
'Bureau of Reclamation (USBR) CVP contractors; one is a USBR exchange contractor; and 
two are Kern County Water ~ ~ e n c ~  (KCWA) subconhacmrs for SWP water. Three of 
these districts also receive surface water from other sourcese Four of the seven organized 
districts use groundwater supplies from district-owned and opefated wells, andlor privately 
owned wells leased to the district. No information on groundwater pwnped'by produc-ers 
for on-farm use is included here. 
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Table 2.3: Primary Water Sources, Case Study Districts 
Dlstrlot USBR 

Contractor 

Footnotes: (a) Includes only those water rights that contribute significantly to the District's total 
water supply. (b) Includes districts with "integration" programs that allow producers to pump 
groundwater into district conveyance systems for distribution andlor credits for future water 
deliveries. 
Sources: Telephone interviews with district staff, district reports and documents from the District 
Securities Division, California State Department of the Treasurer. 

Arvln-Edlson WSD 

Central Callf. ID 

El Dorado ID 

Glenn-Colusa ID 

Lost HlllS WD . 
Self-Supplying Prod. 

Westlands WD 

Wheeler Rldge WSD 

Dlstrlct 
Provlded 
Groundwater (b) 

x 
x 

x 
x 

x 

x 
x 

, 

x 

LlSBR KCWA Sub- Other 
Exchange Contractor Water 

Contractor Rlghts (a) 

x 

x 

>g 

x 
x 

x 
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Table 2.4 shows case study CVP and KCWA contractor water entitlements under  no^ 
' 

year conditions and in "dry" and/or "critical" warn supply years (1990 and 1991). The . -- 
fivk districts with CVP entitlements account for an estimated 30 percent of total CVP 

contract entitlements. Reductions in firm water entitlements for these districts ranged from 
6 to 50 peacent in 1990 and frog%% 6 to 75 percent in 1991. The two districts receiving S W  . 

water through the KCWA account for approximately 30 percent of total annual SWP 
. ew%iflanents to tb San J q u h  Valley, and 10 percent cr%annual W P  entidewrents to dl of 
Cdifoania. SWP deliveries m ngricu1W c o n ~ b o r s  were cut by 50 percent in 1990 and 
108 percent in 1991. 

All of the case study districts have the capability to augment normal deliveries or gartidy 
offset reductions in project water supplies with rights to local water sources and/or by 
pumping groundwater, except for Lost Hills WD. Lost Hills WD relies solely on SWP 
water. 

Table 2.5 provides information on district held water rights obtained from the State Water 

Resources Control Board. Of the seven districts, four claim appropriative rights to local 
w k r  supplies for inigation. The date of application for an approphiative water right., once 
approved, establishes the priority of that right based on the "first in line, first in right" 

A - M  

doctrine. 

Three case study districts (CCID, EID and GCID) claim pre-1914 appropriative water 
rights and have "Statements of Diversion and Use" on file with the SWRCB. These 
"Statements" do not guarantee water rights a d  can ody be v d e d  or revoked in a court of 
law. Lost Hills WD applied for appmpriative rights to the Kern River in 1988, however, 
any decision quires  resolution of on-going disputes with existing appropriators. The case 
study districts not included in Table 2 3  (AE, WWD ind WRM) do not hold appropriative 
water rights. 

2.2.2 Institutional Structure of Water Suppliers 

The institutional structure of water suppliers affects their opportunities and constraints for 
adjusting to water supply reductions. h all, there are 35 different types of general water 
districts in California and literally scores of other districts created by special acts. Virtually 
all of the "retailing" agencies in the Central Valley, however, were formed under the 

general acts authorizing irrigation districts, water districts or water storage districts. All of 
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Table 2.4: Surface Water Entitlements, Case Study Districts 
Dlstrlet 

Central Valley Project 
Awin-Edison WSD 
Central Calif. ID 

El Dorado ID 
Glenn-Colusa ID 
Westlands WD 

State Water Project (f) 
Lost Hills WD 

Wheeler Ridge WSD 
Footnotes: (a) This does not include the 152,700 acre-feet per year of. 'class II" (non-firm) 
water to which the District is entitled. As will be discusied later, Arvin-Edison WSD signed 
a water exchange agreement with several water supplying entities along the Cross 
Valley Canal. Thus the class I and II entitlement Is not representative of the District's 
available water supplies in any given year. (b) In February 1990, USBR declared the water 
situation as "critical," thus reducing supplies available to the District. In June, however, 
full supplies were restored. The District Manager estimates that the amount of water that 
was available to the District ended up to be approximately 85 percent of normal. (c) El Dorado 
ID'S entitlement includes 23,000. acre-feet per year from the Sly Park Project and 
7,600 acre-feet per year from Lake Folsom. This does not include District supplies from 
the PG&E ~ o r e b a ~  or the Crawford Ditch. (d) Includes a 75 percent reduction 'in water 
supplies fronl Lake Folsom. (e) This figure does not include the 720,000 acre-feet 
per year of "base supply" specified in the District's contract with USBR. (9 Lost 
Hills WD and Wheeler Ridge-Maricopa WSD are subcontractors of the Kern county Water 
Agency (KCWA) and receive an apportionment of KCWA's State Water Project contract 
entitlement. (g) The entitlement for Lost Hills WD increased steadily between 1975 and 
1990 from 76,100 acre-feet per year to 140,400 acre-feet per year. The entitlement 
will not increase any further under the terms of the current contract with KCWA. (h) This 
figure does not include the "surplus" water entitlement that in 1990 was 38,146 acre-feet 
per year. The "firm" entitlement for Wheeler Ridge-Maricopa WSD increased steadily 'between 
1975 and 1990 from 58,400 acre-feet per year to 252,924 acre-feet per year. The 
entitlement will not increase any further under the terms of the current contract with KCWA. 
Sources: Arvin-Edison WSD: 'Study of Second Priority Water Availability -- Friant .Kern 
Declaration of Class I and 11" (June, 1991); "Annual Report 4988 Water Year;" "History of 
Project Operations" (1988); and personal communications with Cliff Trotter and Steve 
Collup. Central California ID: Financial Statements and Annual Reports (various years); 
"Water Distribution" (1980); and personal communications with Mike Porter. El Dorado ID: 
Personal communication with Rob Alcott and Dorine Kelley. Glenn-Colusa ID: "Report on 
Water Measurement Programw (1981 and 1990) and personal communications with Bob Clark 
and Lou Hosky. Westlands WD: "Facts and Figures, 1989" and personal communication with 
Steve Ottemoeller and Shelley Vuicich. 

Flrm Entltlement 
(AcreFeet) 

40,000 (a) 
532,400 

30,600 (c) 
105,000 (e) 

1,150,000 

140,400 (g) 
252,900 (h) 

Percent of Entitlement Available 
1990 

6 8  
85  (b) 
88  

100 
. 5 0  

5 0  
5 0  

1991 

100 
80  
81 (dl 
7 5  
25  

0 
0 
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the case study districts are covered by these three district types. The Kern County Water 
Agency that provides waty to two of h e  case study districts through a subcontracting 
arrangement was formed pursuant to special legislation. The self-supplying producers 

surveyed for the study are not affi'ited with a water agency. 

Irrigation, water and water storage districts all have the general power to import, control, 
distribute and store water for use within their borders. This includes authority to construct 
and rnaintain.conveyance and distribution facilities. 1t would also appear that the districts 
have authority to store water underground 

To pay for their operations, districts can generate revenue in three ways. First, districts can 
charge for the water they deliver to their customem. Both irrigation andl water districts have 
considerable discretion in how they charge for water (e.g. by acre, connection or metered 
use).' Rules for water charges imposed by water storage districts are only slightly more 
restrictive, stipulating that "tolls and charges shall be proportional, as nearly as practicable, 
to tbe services rendered."2. Second, districts can assess property within their borders. 
Irrigation and water districts must generally assess property on an rrd volorurn basis . 

whe~by the amount of the tax is specified as a percentage of land value.3 Water storage 
districts, by contrast, must generally assess in proportion to the benefits conferred by their 
servicesi4 'Third, all districts can issue both general obligation and revenlie bonds and 

interest-bearing warrants to generate additional funds. 

Within the confines of the authorizing statutes, district policies are detemhed by.the board 
of directors and implemented by the district manager and other personnel. How a district 
responds to reduced water supplies may well depend on the way in which the board of 
directors is constituted and how .members of the board are elected. Indeed, the most 
striking differences between irrigation districts, water districts and water storage districts 
are related to board structure and voting rules. In higation districts, the board consists of 
three or five property owners. Members are elected by popular vote of the registered voters 
living in the district. In water districts, boards generally consist of five directors who must 
be property holders within the district; only. property holders can vote and votes are 

Cal. Water Code 86 22283,35470 and 35474. 

Gal. water code 6 43006. 

Cal. Water Code 6O 23242,23667,25801 and 36555. Assessed value is exclusive of improvements 
made to the land 
Cal. Water Code 68 46176 and 46902. 
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allocated by dollar of assessed land value. The board of directors of water storage districts 
consists of five, seven, nine or e1ev.m members depending on the number of divisions in 
the district. Like water districts, only property holders can vote and their votes are 
allocated by dollar of assessed value. 

2.2-3 Physical Structure of Water S~applless 

Table 2.6 shows the primary water &liveby systems in each of the case study districts.' As 
can Be seen in the table, "mixed" systems exist for most of the eases, each with some 
proportion.of canals ('lined and unlined) and pipeline. The systems also vary widely 
regarding the types of tumouts and flow meters used to measue water consumption. 

Amin-Won WSD and Wheeler Ridge-Maricopa WSD both u?iU bed canal and pipehe 
delivery systems. Amin-Edison WSD has 45 miles of lined c d s  with 170 miles of 
.pressurized pipeline. Wheeler Ridge has seven miles of lined canals and more than 300 
miles of pipeline that deliver water h c t l y  to the fields. El Dorado ID transports water 
through 65 miles of lined and unlined ditches and 800-1,000 miles of pipeline directly'to 
individual fields. Some fields receive water through community ditches. Glenn-Colusa ID 
&live* water from its 65 mile unlined Main Canal plus 420 miles of laterals. Central 
California ID has 263 miles of unlined canals. Lost Hills WD delivers irrigation water 
through underground pipeline and from lined and unlined canals. Westlands WD 
transports water through a 13 mile lined canal and 1,034 miles of underground pipfine tci 
individual farms. 

2.2.4 Productiion, Irrigation Technology and Water Costs 

This section describes selected farm-level characteristics of the case studies and examines 
how reflective these cases are of California's Central Valley. The selected characteristics 
include: cropping patterns, water requirements, production, irrigation technology, water 
rates, and farm size and operation. 
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2.2.4.1 Cropping Patterns 

Table 2.7 shows the distribution of case studies by higable agricultural acreage. District 
size spans fiom less than 30,000 higable acres in El Domdo ID to nearly 600,000 irrigable 
acres in Westlands WD, with more than half of the districts falling in the 100,000-199,000 
acre range. Total planted acreage for the seven districts sums to roughly 1.1 million acres 
in a non-critical water year, or about 17 percent of total planted acreage in the Central 
Valley (1987 Census of Agriculture, U.S. Dept. of Commerce). 

Table 2.8 shows the principal categories of crops grown in each water supplier service 
area. The table indicates that among the seven districts there is considerable crop diversity 
both within and between districts. The crops with the largest acreage in the study area are 
cotton, alfalfa, grapes and almonds. These crops also represent the state's leading crops by 
harvested acreage (California Stat'sticd Review 1988. CDFA, 1989). Table 2.9 c o n f i i  
that a wide variety of field and feed crops, orchardslvineyards, vegetables and specialty 
crops are represented in the study area, covering most of the important .commodities grown 
in California. - 

2.2.4.2 Water Requirements 

Water use depends not only on crop water needs, but on local precipitation, irrigation 

system efficiency and leaching and frost control requirements. Evapo-transpiration rates 
(ET) are a function of site-specific soil quality, climate conditions and biological water 
requirements. The DWR provides ET estimates based on field experimentation at sites 
throughout California. Table 2.10 presents USBR and DWR estimates of annual evapo- 
transpiration rates for six major California mops. The USBR estimates are specific to CVP 
districts, whereas the DWR estimates apply more broadly to the Sacramento and San 
Joaquin Valleys. 

ET estimates vary considerably across crops, but appear to be fairly constant per crop 
across regions, with the possible exception of almonds. The lowest to highest water 
requirement crops in terms of average ET rates are: grapes, tomatoes, cotton, almonds, 
alfalfa and rice. 
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Table 2.6: Primary Types of Delivery Systems, Case 
Study Districts 

Ag. Econ StudylCEPR(Stanford University 

District 

Awln-Edlson WSD 
Central Callf. ID 
El Doado ID 
Glenn-Colusa ID 
Lost Hills WD 
Westlands WD 
Wheeler Rldge WSD 

Table'.2.7: Distribution of Irrigable Acreage, Case Study 
Districts 

41 00,000 
El Dorado ID 

Lost Hills WD 

Sources: Telephone interviews with district staff, reports and data from' 
districts and documents from the District Securities Division, California State 
Department of the Treasurer. 

Ty 
Unllned 

CanalslDItches 

x 
x 
x 
x 

lrrlgable Aqrlcultural Acreage 
100,000 to 199,000 

Arvin-Edison WSD 
Central California ID 

Glenn-Colusa ID 
Wheeler Ridge-Maricopa WSD 

e of Dellvery System 

>200,000 
Westlands WD 

Llned 
CanalsIDltches 

x 

]X 

x 
X 
x 

Plpellne 

x 

x 

x 
X 
X 
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enn-Colusa ID 
ost Hills WD 
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2.2.4.3 Crop Yields 

Table 2.11 summarizes crop yield data from the most recent County Agricultural 
Commissioners Crop and Livestock Reports for all counties represented among the case 
study districts (1990). Only those crops that are grown in more than one case district, and 
are among the top five in terms of acreage within each, have been included in, the table. An 

exception is rice, which is a top crop only in Glenn-Colusa ID. 

Regional yield variations are usually a function of differences in soil quality, climate, pest 
conditions and local crop varieties. Management and technology differences may also be 
region-specific. Yields are given for 1989 and 1990 to show that production varies 
significantly fiom year to year as well. 

The table shows fairly wide regional yield variation in tomatoes (processing), raisin and 
wine grapes and almonds, and somewhat less yield variation in rice, cotton and alfalfa hay. 
For instance, 1989 almond yields were 0.73,0.37 and 0.66 tons per acre in Fresno, Glenn 
and Kings Counties, respectively, whereas 1990 almond yields were considerably higher at 
0.93,0.67 and 0.76 tons:per acre for the same counties. 

2.2.4.4 Irrigation Technology and Water Management 

Table 2.12 shows the primary irrigation technologies used by growers in each case study 
district. The choice of irrigation technology is a function of cropping patterns, cultural 
practices, water availability, the delivery system and relative input and output prices. 
Available data indicate that flood/furrow and sprinkler technologies are used extensively in 
the majority of districts. Drip irrigation is used in five districts. 

The current drought has focused greater attention on water management programs. 
Specific programs in the case study districts include Central California ID'S Conservation 
Loan Program that supports laser leveling, lining ditches, and installation of pipeline and 
water return systems at the farm level, and El Dorado ID'S Inigation Management Service 
that provides computerized soil and irrigation information on a weekly basis to over 300 
field sites. 

Glenn-Colusa ID has adopted a Water Conservation Incentive Plan, which gives an 8 
percent reduction on water rates to participants that demonstrate compliance with two 
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Central Callf. ID 

Glenn-Colusa ID 
Lest Hills WD 
Westlands WD 
Wheeler Rldge WSD I 

Sources: Telephone interviews with district staff, reports and data from districts and documents 
from the District Securities Division, California State Department of the Treasurer. 
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recommended measures. The District also recaptures 200,000 AFY of drain water that is 
used for irrigation. Lost Hills WD has adopted programs to encourage adoption of *drip 

and other low volume irrigation technologies. Westlands WD has had an extensive water 
management program since 1972 including incentives to adopt more eftlcient irrigation 
practices and technologies, water use monitoring and drainage water capture and reuse. 

2.2.4.5 Retail Water Rates 
. . 

Table 2.13 provides some information about the components that make up retail water 
charges for the case study districts. This pricing information is only illustrative given the 
diversity and complexity of district water pricing policies and grower water rates. Current. 
water rates vary substantially throughout the Central Valley reflecting differences in source 
of water, priority in water rights, delivery system efficiency, pumping or lift charges and 

the finnncial a+ pricing structure of thc supplier. . 

In general, SWP contractors (KCWA subcontractors) face higher water costs than CVP 
contractors. The three districts with the lowest water costs (Central California ID, El 
Dorado ID and Glenn-Colusa ID) hold pre-19 14 appmpriative water rights. 

2.2.4.6 Farm Size, Ownership and Operator Types 

Farm size, ownership and operator type may affect producers' abilities to respond to 
changing water supply conditions. Average farm size, farm size distribution and 
ownership/opator patterns very widely thaouglhout the Central Valley and among the case 
study districts. In general, districts are comprised of more'landowners than farm 
operations, indicating a common practice of leasing land to tenants and farm management 
companies. Discussion at this point is limited to'aggregate data. 

Table 2.14 shows farm operator types by region. Ownership patterns based on 1987 
Census of Agriculture data indicate they are fairly consistent between the Sacramento and 

San Joaquin Valleys, with just slightly fewer full owners and slightly more part owners in 
the Sacramento Valley. Disaggregated data available for the San Joaquin Valley show 
differences in ownership pattems betwan the east and west sides of the Valley, with 
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Table 2.14: Farmer Operator Types By Region 
Area 

Sacramento Valley 
Number 
Percent 

San Joaquln Valley 
Number 
Percent 

Source: U.S. Department of Commerce, Census of Agriculture, 1987. 

Full Owners 
Farms 

7,324 
66  

22,386 
73  

Acres 

1,157,459 
27  

3,396,756 
3 2  

Part 'Owners 
Farms 

2,046 
1 9  

4,938 
16  

Tenants 
Acres 

2,371,352 
54  

5,228,750 
5 0  

Farms 

1,607 
15 

3,426 
11  

Acres 

838,171 
19  

1.,849,419 
18 
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slightly more farms categorized as tenant farms on the west side. These patterns can be 
expted  to vary by district as well. 

2.2.5 iocal Economy Charecterlstlcs 

The seven case study districts are located in eight counties in Womb Local economy 
effects extend beyond district boundaries, however, and may not even be contiguous with 
county hes .  Changes in factor and product markets at the district level m y  have regional 
and statewide repercussions given employment, processing and other agriculturally related 
pattems. Local economy characteristies and linkages specific to the selected case studies 
have been explored in this phase as they emerged from Phase II field surveys. Local 
economy impacts will be investigated in Phases III and N. 

Available county level data OR agriculture-related local economy ihdicators are scarce, 
inconsistent and unreliable. .For example, available data on employment for both 
agricultural and agriculturally-related industries, shown in Tables 2.15 and 2.16, 
demonstrate the wide variation in employment estimates. ' ~ s  variation is a function of 
how the agriculture sector is defmcd (i.e. choice and level of disaggregation of Standard 

Industrial Classification code data, definition of agicultmd labor, a d  assumptions about 
multiplier effects). 

The production and factor share data collected and developed in Phase II for the case . 

studies (from districts, farms and lwal and state govenunent offices) will provide the basis 
for the analysis of local and regional economic impacts in Phases HI and N. 

2.2.6 Resource Quality Issues 

A range of resource quality issues sire being addressed in the case study districts. Table 
.2.17 provides preliminary information about some of these issues. Two important issues 
facing many of the districts are irrigation drainage and water quality problems. A third 
issue, groundwater overdraft, is both an inter-temporal water supply and farm production 
problem as well as a regional resource quality issue. Prolonged groundwater overdraft can 
have important environmental consequences such as land subsidence and deteriorating 

water quality as well as aquifer depletion and collapse. 
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Table 2.15: Agricultural Employment On the 
Central Valley 

Locatlon 

Sacramento Valley 
Butte County 
Colusa County 
Glenn County 
Sacramento County 
Solmo County 
Sutter County 

T e h v a  County 
Yolo County 
Yuba County 

San Joaquin Valley 
Madera County 
Merced County 
Fresno County 
Kings County 
San Joaquin County 
Kern County 
Stanislaus County 

. Tulare County 
Footnote: (a) The definition 
is from the U.S. Department of Commerce. 
Source: U.S. Department of Commerce, County Business Patterns, 4988. 

Number Employed 
(a) 

21.41 6 
1,336 

- .  665 
777 

9.01 4 
2,714 
1,621 

435 
3,520 
1,334 

55,674 
1,683 
4,623 

13,407 
1,696 
9,130 
5,107 

13,701 
6,327 

Percent of Area 
Employment 

' . 4 
' 3 

a4  
1 7  
3 
4 

6 3 
5 

. 9 
1 7  
. 9  
13  
15  

8 
1 2  
8 
4 

15 
11 

of agricultural employment used in this table 
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Table 2.1 6: Agriculture-Related Employment in the 

San Joaquin 
Location 

Callfornla 
Total 
Agriculture-Related (a) 
Percent Ag.-Related 

San Joaquln Valley 
Total 
Agriculture-Related (a) 
Percent Ag.-Related 

Footnote: (a) Agriculture-related employment Is defined broadly to include backward- 
linked industries such as pesticide manufacturing and forward-linked' industries such as 
refrigerated warehousing and storage. 
Source: S. Archibald, "Economic Profile of Agriculture in the Westside of the San Joaquin 
Valley" (Federal-State San Joaquin Valley Drainage Program, June 1990). 

Valley 
Number of 

Establishments 

. . 
662,744 

96.76 1 
15  

50,911 
14,963 

29  

Number of 
Employees 

9,368,825 
1,620,807 

1 7  

. 551,951 
268,138 

49  

Annual 
. Payroll 
(thousands) 

$1 92,416,000 
. $35,597,000 

1 9, 

$9,387,000 
$5,088,000 

54  
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3.0 FRAMEWORK FOR PHASE II FIELD RESEARCH 

3.1 Linkages Between Water Suppliers, Agricultural Producers 
and Local Economies 

The complex relationships and feedback loops inherent in California water supply, 
allocation and management between water suppliers-both wholesale and retail- 
agricultural producem and local economies need to be considered in developing the research 
base for impact analysis. A g e n d  framework outlining the linkages that are likely to be 
affected by water scarcity and variability is presented in Figure 3.1. These linkages relate 
aggregate water supply-the system's initial conditions-to distribution and use at the 
district and farm levels. 

District water supply and adjustments to scarcity set the conditions under which producers . 

must operate with respect to the supply, timing and cost of imgation water. Producers' 
responses and adjustments to changed water conditions in turn affect local economies 
through ensuing economic and financial impacts. Chapters 4 and 5 further disaggregate 
these general relationships for the case study water suppliers and agricultural producers, 
respectively. The data needs which emerge from this framework are discussed at the end 
of this chapter. 

3.2 Initial Supply Conditions 

The impacts of changes in water quality standards and any reductions in agricultural 
supplies allocated for other uses depend fundamentally on initial water supply conditions, 
as represented at the top of Figure 3.1. Annual California water availability is a function of 
snowpack and runoff combined with storage capacities and groundwater levels. The 
distribution of annual water supplies is determined by a complex system of water rights and 

contracts. 
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FIGURE 3.1: ECONOMICS OF WATER AVAILABILITY: AN OVERVIEW 

I .  CONDITIONS 1 -State dNptprC -~ityStamlards 
-Water IUgMs -Iastream Flm (fop Bvdan)  

WATER AVAILABILITY 

I District 2 

ECONOMIC / 
.......... 

IMPACTS - IMPACTS 

REGIONAL AND STATEWIDE ECONOMIC AND FINANCIAL IMPACTS 
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3.2.1 Water Supplies In California 

A general picture of water supplies in the state provides same perspective on the recently 
experienced shortages. Over the long run, the annual average precipitation in the state 
provides approximately 71 million acre feet (MAF) of streamflow, which is augmented by 
approximately 1.4 MAF of water flow from Oregon and another 4.8 MAF from the 
Colorado River. Together, these sources provide California with 77.2 MAF of streamflow 
in an average year (DM, Bull. 160-87). California also has extensive groundwater 
reserves; aquifers in the state hold approximately 8 5 0 . ~  of groundwater (DWR, Bull. 
160-87). 

Total bbdevelopd" supplies-water that is captured, stored and distributed to meet 
irrigation, residential, hydroelectric and industrial needs-are approximately half of the 
average annual streamflow. In 1985, "applied water," or the total'amount of water that is 
d i v d  from rivers and pumped from underground- for delivery to farm headgates or to 
intakes in urban water systems, was estimated by the Department of Water Resources as 

. . 40.5 MAF (DWR, Bull. 160-87). Of that, 16.6 MAF or 41 perkent' was groundwater 
(DWR, Bull. 160-87). Net water use, which is computed by deducting evapotranspiration 
and unrecoverable distribution losses from applied water, totalled 34.2 MAF in that same 
year (DWFt, Bull, 160-87). To avoid double counting, these estimates exclude agricultural 
return flows and other supplies of water that are reused. 

The agricultural sector is the largest consumer of the state's developed water resources. In 
1985, net use of developed water supplies by agriculture totalled 27.0 MAF or 79 percent 
of the total (DWR, Bull. 160-87). In that same year, urban water use was 5.6 MAF or 16 
percent of developed supplies. The remaining 1.6 MAF was consumed by industry and 
other water users. 

The "undeveloped" streamflows provide essential water for riparian ecosystems and other 
"instream" uses such as navigation and recreation. Some undeveloped streamflow 
percolates into the subsurface and contributes to groundwater storage. The remainder 
evaporates or flows into the Pacific Ocean. 

Average water supply figures, however, can be misleading. The year-to-year variability in 

water supply is quite large. Between 1975 and 199 1, only a few years (1978,1980, 1986, 
1989) have experienced runoff levels somewhat close to the long-term average. Total 
streamflow in 1977 totalled 15 MAF, less than 5 MAF originated from Northern California ,. 
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as represented by the ~acramkto ~iver*x (see Figun 3.2.) In contrast, heavy rains 
led to a record-setting runoff level of approximate1y 135 M A .  in 1983, over 35 MAF fiom 
Northern California rivers. In the years 1987- 1991, water supplies were substantially 
below average. DWR classified 1989 as a "dry" y w ,  the other years were classified as 
"critically dry" (Dm 1991). DWPQ has estimated that runoff in 199% will be 45 permt 
of normal and reservoir storage will be 65 pacent of n o d  (Dm, Bull. 120-91-4). 

3.2.2 Institutions and Water Rights In California 

As mentioned in Chapter I., the impacts of water reductions on water suppliers; producers 
and local communities depend on a myriad of laws and institutions. .To develop a realistic 
assessment of the economic and fiiancial impacts of reduced supplies, therefore, the 
analysis must take into account the various ieg.al and institutional factors affecting water 
availability in W o m i a  agriculture. 

The current allocation and use of water in California is dictated or constrained by its 
institutions and by federal and state laws. Both surface water and groundwater are initially 

allocated under state law. Owners of lands that are riparian .to surface waterways are 
generally entitled to a reasonable amount of the water for beneficial use on their ripariarn 
lands. Such "riparian rights" generally cannot be transferred separate from the land to 

which they attach. 

Remaining surface waters are allocated on a "fmt in time, first in right" basis under state 
appropriation laws.' Appropriative rights are often divided into pre- 19 14 and post- 19 14 
rights because, under the Water Commission Act of 19 13, anyone s.eeking to obtain an 
appropriation right since 1914 has had to apply for and obtain a pennit from a state 
administrative agency, currently the SWRCB. As discussed in Chapter 4, appmpriative 
rights can be transfend subject to the approval of the SWRCB in cases where the transfer 
will involve a change in the point of diversion or the place or type of use. 

In theory, groundwater is initially allocated to owners of land overlying the groundwater 
basin, each of whom is entitled to a "fair and just" proportion of the "safe yield" of the 
basin in order to meet any "reasonable and beneficial'' need for water on the overlying land. 

Older appropriative rights, w h  watez was diveited f h m  points on the public domain, may be superior 
to some or all riparian rights. S ~ E  generally J. Sax, R. Abrams, & B. Thompson, Legal Control of.. 
Water Resomes 340 (2d ed 1991). 
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Figure 3.2: Sacramento River lndex 
Source: DWR Bulletins 

- Sac. Riv. lndex - - average 
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, If the entire safe yield of a basin is not used for overlying land, the surplus water can ohen 
he approprhted for use on other land on a "first in time, first in right" beis. ~heoretidall~, 

- 

groundwater mining is not permitkd m e  state, however, does not regulate groundwater 
usage as closely as it does surface water. As a result, there is no pennib system for 

groundwater an8 groundwater use in m y  b a t h s  exceeds the &e yield 

Groundwater users can seek an adjudication of groundwater rights in, state court, but 

because adjudications are Both costly and time-consuming, few basins have been 
adjudicated. Where withdrawals have exceeded safe yield for many years, moreover9 the 
California Supreme Court has generally declined to follow the allocation rules outlined 
above. .In its most recent decision, the Court has indicated that it will typically resolve 
long-time overdraf'ts through some form of "equitable apportionment" of the safe yield. In 
short, it is quite unclear how a California court would apportion the water from an 
overdrafkd basin, adding risk to the potential drawbacks that a f d g  area will consider 
in deciding whether to pursue groundwater adjudicatioa 

Only a minority of farmers in California have k t  rights to surface water. Most farmers 
receive their water from a local district (generally an irrigation, water or water storage 
district) or from a mutual water company. As discussed in Chapter 4, local districts have 
considerable discretion over the acquisition, allocation and pricing of water. The nature 
and limits of the discretion, however, vary among districts depending on the laws under 
which a district was formed, any specid legislation unique to a district and a district's local 
rules and regulations. 

Local districts, in turn, often receive some or dl of their water fiom a larger state or federal 
agency. All of the districts studied receive at least part of their water from either the State 

Water Project (SWP) operated by the Department of Water Resources, or the Central Valley 
Project (CW) operated by the federal Bureau of Reclamation. The SWP and CVP receive 

their water through state appropriation permits and distribute water to local districts by 
contract. The contract under which a district receives water often limits the district's 
discretion over the allocation and use of the water. In most cases, for example, CVP 
contractors must comply with the acreage limitations and other requirements of federal 
reclamation law. 

The major exceptions are "exchange contractors" such as Central California ID. CCID 
receives CVP water from the Delta-Mendota Canal in exchange for pre-1914 appropriation 
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rights that it held previously on the San Joaquin fiver. As a result, CCID does not have to 

pay for its CVP water andis not subject to federal acreage limitatigns. 

Both Lost Hills WD and Wheeler Ridge-Maricopa WSD receive mostof their water from 
the Kern County Water Agency (KCWA), which receives its water by contract fkom the 
SWP and then subcontracts the water to its 16 member agencies. Water allocation to 
farmers in these districts is thus controlled to some degree by four levels of government 
agencies-the SWRCB (which has authority over the SWP's appropriation), the DWR 
(which oversees the SWP), the KCWA .and the local district. 

3.2.3 Water Deliveries from Developed Surface Water Sources:: 
the. central Valley and State Water Projects . 

Central to any understanding of the impacts of water allocation on California agriculture are 
the State Water Project and Central Valley Project which provide the majority of surface 
watk to CenM Valley farmers. The CVP delivers an average of more' than 6,000,000 AF 
of water to approximately 3,400,000 acres of cropland (see Figure 3.3.). Shasta Dam and 

other USBR reservoirs in the Sacramento River watershed supply water to local . - 

agricultural producers and producers in the San Joaquin Valley through the Sacramento- 
San Joaquin Delta. Some producers in the San Joaquin Valley receive water from the San 
Joaquin River through the USBR's Friant-Kern Canal. In recent years, more than 90 

percent of CVP water has been delivered to agriculture (USBR). The rest is delivered to 
municipalities and industry as well as wildlife refuges. 

The SWP delivered 2.9 MAF of entitlement water to its contractors in 1989, the last year of 
full deliveries (see Figure 3.4). About half of the SWP water is captured behind Oroville 
D m  The remainder is pumped directly from the southern Delta when surplus freshwater 
flows are available. SWP water is stored in the San Luis Reservoir, along with CVP 
supplies, and conveyed by the California Aqueduct to agricultural users in the southern San 
Joaquin Valley and to urban contractors south of the Tehachapi Mountains. 

Local surface water supply projects (as distinguished from state or federal projects) deliver 
nearly as much water as the CVP and SWP combined @WR, Bull. 160-87). These 
projects have been constructed to serve agricultural, urban and industrial interests. 

~ ,, 
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Figure 3.3: Central Valley Project Water Deliveries 
Source: USBR; deliveries for 1991 are estimates 
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As discussed in Chapter 1, estimates of totai supply reductions in the state and f&d 
projects fiom normal year "denlands" or deliveries are only preliminary at this time. . 

Estimates indicate that 1990 and 1991 total CVP deliveries were 20 and 37 pormt below 

the 1985 level of 6.5 MAF (USBR), equal to reductions of 1.3 and 2.4 W, respective%y. 
Estimated deliveries to agdculhue for these same years we& 22 md 38 percent below the 
1985 level of 6.0 W. This is a reduction of 1.3 and 2.3 EvfAF in 1990 iind 1991, 
respectively. 

For the SWP, 1985 deliveries totaled 2.0 MAF, but increased to 2.85 MAF in 1989 & both 
demands and entitlements increased. SWP total deliveries were reduced from thek 1989 
level by an estimated 11 percent in 1990 and 60 percent in 1991 (estimates by DWR staff). 
Supplies to the agricultural sector were reduced even Mer-by 48 percent in 1990 (by 54 
percent compared with 1985) and in 1991 famum received no SWP w d .  Total ticre fezt 
reductions in SWP deliveries over 1989 levels were approximately 0.3 and 1.7 MAF for 
1990 and 199 1, respectively. 

3.3 District Impacts 

3.3.1 District Water Supplies 

In determining the impacts of cutbacks in surface water supplies over time, as a mult either 
of drought or administrative mandate, the first question is how the reduced supplies willbe 

allocated among suppliers. This is a complex issue, requiring one to work through the 

consequences of changes in water availability on each of the water allocation system 

.discussed earlier. 

First, how will the water reduction be apportioned among the various holders of state 
appropriative and riparian rights? In theory, reductions should be apportioned according to 

the riparian and appropriation rules outlined above. Riparian rights holders would 
generally receive the greatest protection (except, as noted above, in the case of some very 
early appropriators). Most junior appropriators, by contrast, would generally be forced to 
cut back on heif withdrawals first; then appropriators of ever increasing seniority would 

22 Arricle 18 of the SWP contracts outlines pmuxbes fix allocating reduced suppies between agricultural 
and municipal and industrial users. During a short year, agriculture takes the first water cuts, which 
carmot exceed 50 percent m any one year. Over a seven year period, agriculture cannot take more than a 
cumulative 100 percent cut When these limits are reached, agriculture and M & I take cuts equally (as 
in 1992). 
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generally reduce their withdrawals until withdrawals equaled the available supply. The 
Racanelli Court's decision in United States v. State Water Resources Control B o w 3  

however, indicates that the SWRCB has at least some authority to alter the historic 
appropriation principle of "first in time, fmt in right," as a result of itp rmmd jurisdiction 
over appropriation permits (and perhaps its power to enfoxe the State's "reasonable use" 
requirement). 

In addition to the above issues, any study on the impact of water reductions on California 
agriculture must also consider the affects of such reductions on water quality and the 
reliability and timing of water supplies. 

It is diffcult to deterxnine how any wata supply ductions resulting from.changes in Bay- 
Delta water quality standards may affect the water supplies of a particular district. Nor has 
the study been given any f h  estimate or even range of estimates of how the water quality 
standards that the SWRCB has currently proposed would affect total supply to agriculture. 
Based on information from various members of state and federal agencies, however, it 
appears as if the upper bounds of any reductions resulting from thk BaylDelta Hearings 
would not si@icantly exceed the drought-induced reductions studied in this report 

3.3.2 District Objectives and Authorities 

Every water district is different. These differences-including unique institutional, 
physical and economic charactteristics-pre&t a set of constraints and opportunities that 
largely determine an individual district's responses and adjustments to changing water 
supply conditions. Water source, water supplier structure and environmental issues (such 
as water quality ,md drainage) are particularly important for understanding district-level 
responses and adjustments. 

The primary economic function of the water supplier is to meet the water demands of its 
user group subject to certain hydrological, institutional, physical, financial and 

environmental constraints. The nature of these constraints largely &tennines the flexibility 
of individual districts to manage water supply variability. 
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Changes in water supply conditions (quality, quantity, reliability and timing) may prompt 
districts to respond in the short-run with modifications in various management policies. For 

the purpose of this analysis, the short-run is &fined in economic terns to include those 
adjustmeats possible within existing hstitudond, physical and capital constraints.. Long- 
mn adjustments typicaUy involve capital investments in water project development or 
improvements in &livery and storage systems, but may also include long-term water 
transfer and exchange agreements and permanent changes in district pricing and other 
policies. .This economic definition differs from the "chronological" clefkition that classifies 
short-run and long-run adjustments in terms of a particular time span 

In the short-run, water suppliers can respond to reduced and/or more variable supplies by 
adopting policies to modify demand (consumption) and supply, within existing constraints. 
Given the uksorientation of water agencies, W c t s  can be expected to adopt policies that 
minimize negative producer impacts andl facilitate their adjustment to reduced water 
availability. Suppliers may directly reduce pmducef water alfocaoions by decreasing total or 
per acre allotments, or indirectly encourage reduced water use through district programs 
that provide technical services and/or create economic incentives for improved on-farm 
water management 

In order to meet relatively fixed revenue requirements, some districts may increase per unit 
water rates and charges to offset reduced water sales, higher district water costs and/or 
repayment obligations for unclelivered contract water. In the short-run, opportunities to 
augment reduced supplies include increases in groundwater pumping, for those with the 
capability, and temporary out-of-district water purchases. 

In the long-run, districts may choose to make capital investments to permanently improve . 

water availability, efficiency and reliability. Such investments could include improvements 
in delivery systems and/or pumping and storage facilities as well as development of new 
water supply projects. Districts may also attempt to augment existing supplies through 
long-term water transfer or exchange agreements, often involving the creation of new 
institutional arrangements. 

The ability of the water supplier to manage year-to-year and seasonal variabilities in supply 
tends to increase with the number, quantity and types of water sources. In general, a 
greater number of water sources can be expected to provide suppliers with greater 

flexibility to respond to changes in water supply conditions. 

3-1 2 Ag. Ecen StudylCEPRlStanford University 



PHASE ll DRAFT February 14,1992 

3.3.3 Constraints on District Responses 

State and federal laws, the institutional structure of a district, and the district's physical 
infrastructure can all affect the ways in which a district can respond to water shortages. As 
detailed in Chapter 4, state and federal laws both provide the basic discretion that districts 
necdto respond to shortages and often limit that discretion. For example, legal statutes 
limit the degree to which distiicts c a n h s f e r  water both in and out of the district, engage 
in conjunctive water storage, reallocate water among users, modify pricing systems and 
impose conservation measures. 

The responses of a particular district will also depend on its local rules and regulations and 
flexibility for changing c m t  policies. Thus, even the makeup of a district's board and 
the manner in which board members are elected can affect a district responses to water 
shortages. The size, structure and election of district boards varies among districts. For 
example, boards can vary from three to eleven members, sometimes but not always elected 
by geographic division. In water and water storage districts, only property holders can 
vote and their votes are weighted by the assessed value of their land. Board members of 
irrigation districts are elected by popular vote of all the distiict's registered voters, although 
members must own property in the district. 

Resource quality issues may constrain supplier responses to changes in water availability 
and reliability. Two important issues are the management and diiposal of drainage water 
and the protection of wildlife. Drainage management and wildlife habitat will be affected 
by water quality standards and allocations authorkd by the SWRCB and other state and 
federal agencies. This phase of the study will consider resource quality issues that act as 
direct constraints andlor opportunities far case study water supplier responses and 
adjustments to changes in water quality and supply. 

Key physical and organizational constraints include district size, level of integration and 
delivery system characteristics. For example, the size of the district service area may limit 
or facilitate opportunities for water saving through water banking and other intra-district 
supply management programs. District size is also important for management of water 
supply externalities, particularly drainage problems. Smaller districts may have fewer 
adjustment options available to them than larger districts. 
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The level of water supplier integration, that is, the degree to w ~ c h  it captures, stores and 
retails its own water supply affects water cost components, revenue requirements and the 
ability to supply during periods of scarcity. A vertically integrated water supplier (one with 

the ability to capture, store and retail its o m  water supply) may maintain more ~ p % o l  over 
supply than a feded or state mn$%ct~f, but may incur greater costs &om k m o m i e s  of 
scale in water capture, storage, and tmqmtaticm. 

The nature of the physical delivery system--the types of canals, pipelines, turnouts and 
meters-affects water supply efficiency, particularly the system's flexibility for responding 
to supply disruptions. Evidence suggests that lining canals, coppverthg canals and ditches 
to pipeline and improving delivery system maintenance will generally increase water use 
efficiency at the district level for a given level of capital investment (Chakravorty and 
Roumasset, 1991 and district dmuments). Canal lining and ditch conversion costs may not 
be justified, however, if the "lost" water can be recaptured within the district or if 
environmental mitigation is required (e.g. the "losses" suppqrt a wetland). 

3.4 Producer Impacts 

3.4.1 Supply Levels 

The level and cost of water to agricultural producers are set in large part by water supplier 
policies and decisions. In most of the districts in California, farmers participate in these 
decisions as board members, often operating to mitigate fluctuations in prices and quantities 
over time that result from natural variability in water supplies. Farmers may Rave options, 
at least in the short-run, to augment surface water allocations with groundwater and/or the 
purchase of additional supplies h m  both within and outside the district 

3.4.2 Farm-level Adjustments 

Fm-level production decisions are greatly influenced by water supply conditions. 
Changes in these conditions can result in mMications to existing pricing, allocation and 
water management policies. Given available water supplies and relative output and factor 
prices, producers select mpping patterns, production inputs and technologies to achieve 
their objectives. 
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Short-run production decisions are constrained by existing irrigation technologies, mkhine 
complements and managerial abilities. Market conditions and contracts, predominance of 
perennial versus annual crops and affiliation with commodity programs may also constrain 
these short-run responses. Within these constraints, producers can respond to water 
supply reductions by fallowing land, reducing double cropphg, changing crops and 
madifjhg water application rates. Where feasible, producers may augment water supplies 
with increased on-fatm groundwatex and intra-district water transfers. However, 
the groundwater option is often not sustainable over the long-run. In addition, 
improvements in irrigation efficiency are often possible through increased monitoring of 
water use and changes in timing of application, which may require increased use of labor 
and management 

Producers' long-run adjustments to continued water supply reductions (or greater 
variability) are a function of their capital resources and the relative profitability of their 

farms. Such adjustments could include permanent reductions in planted acreage, changes 
in crop mix or adoption of more effiiexit irrigation technology. Some producers may elect 
to leave fanning, depending upon site-specific water supplies and expected retums hom ' 

land sales for agricultural and non-agricultural uses. Roducers adjacent to growing urban 
communities are likely to face pressures to convert their land to residential use (e.g. 
producers in El Dorado ID). 

Farm-level adoption of more efficient irrigation systems can increase irrigation 
effectiveness and reduce drainage effluent and associated externalities (Caswell et al., 
1990). Increased adoption of these technologies depends on favorable economic 
conditions that can be influenced by policy, such as: 1) economic incentives, particularly 
higher water rates and/or technology subsidies; 2) high elasticities of marginal productivity 
with respect to water (i.e. crop output is elastic (responsive) with respect to small changes 
in water application); and 3) sufficiently high crop rehums to justify the incremental 
investment and variable costs associated with adoption of water-saving technologies. 

Producer modifcations of cropping patterns and water use practices can'affect f m  product 
supply, prices and product quality. The level of production and product price are 
interrelated, particularly in cases where California dominates regional, national and 

international product markets. Depending on supply and demand elasticities, reductions in 
output may result in siWcant price increases. The impact of changing water supply 
conditions on the supply of high quality farm products can either be positive or negative. 
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Yield effects that result from reduced per acre water application &pent3 on the level of 
higation &ciency, land quality (soil perm&bility), potential substitutability between 

water and other inputs and the water needs of the particular crop (Whittlesey, N. 1990). In 
some situations, product quality may deteriorate due to plant stress associated with 
declining water quality and availa[i@. In other situations, if market conditions are 

favorable, producers may try to offset revenue losses with hmed production of higher 
quality, higher value crops on duced  acreage. In aggregate, water-induced changes in 
cropping patterns can affect C a l i f d s  market share in certain commodities and the state's 
national and international agricultural competitiveness. 

3.4.3 Constraints on Producer Responses 

Farm size, ownership and operator characteristics may affect producer responses to 

changes in water supply conditions. TBe relationship between f m  size and fulauncal well- 
king, for .instance, will often produce different sets of responses to water shortages for 
small and large producers. The farm's financial position-debt to equity ratios, liquid carsh 
reserves and access to credit--will bear on the willingness and ability of the producer to 

assume financial risks associated with reduced water availability. Faced with rising water 
prices, lower profit margins may induce small producers to adopt more labrlmanagement 
intensive on-farm conservation measures. Larger producers, with greater financial 
resources, may adopt more capital intensive conservation technology. 

Who owns and operates the farm will also influence management decisions =garding land 
use, farming practices and capital improvements associated with increases in water rates 
and reductions in allocations. For instance, contractual agreements with landowners may 
limit farm managers' or tenants' abilities to respond to water scarcity, particularly with 
respect to capital investments in technological change. Long-run crop mix adjustments are 
dso constrained by land suitability and by local infrastructure (e.g. mills, dryers). 

The producer's ability to substitute other f a c t o ~  of production for water are limited, 

depending upon biological, agroclimatic and economic conditions. The input 
substitutability of labor and capital for water may enhance or constrain producers' 
opportunities to respond to water shortages. In the short-run, evidence suggests that 
rkductions in water application rates with fixed irrigation technology would lead to duced 
yields. In the longer-run, adoption of water-saving irrigation technology may result in 
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yield improvements depending upon site-specific conditions. Empirical evidence suggests . 
' 

. that farms with low water holding capacity land are positively correlated with adoption of 
more precise water application technologies (Caswell, Lichtenberg and Zilberman, 1990). 
Some important constraints on adoption of new irrigation technology include financial 
resources, mechanization and frost control requirements, delivery systems and crop 
profitability. 

3.5 Local Economy Impacts 

Short and long-run adjustments by producers and water suppliers may affect local 
economies. The magnitude and direction of these impacts, positive or negative, depend 

upon producers' abilities to manage water supply reductions and on the importance of input 
supply and agriculture related industries to the local economy. Minimal local economy 
impacts are likely in areas where producers can adjust to changes in water supply with few 
modifications in established cropping pattern aid output Howeva, in arcas where there 
are substantial changes in crop I@X, or large reductions in acreage and/or output, local 
economy impacts may be very substantial, particularly in the short-run or over a specific 
season. In the long-run the net losses of such impacts will tend to decline with increased 
mobility and substitution possibilities. 

Farm adjustments to reduced water supplies would most directly affect "backward linked" 
input supply industries -(e.g. farm-level demand for labor, agrochemicals, machinery, 
capital, irrigation technology and technical services). Adjustments that result in changes in 

the supply of farm products (product availability, quantity, quality and prices) can be 

expected to affect "fornard linked'' agriculture related industies, such as food processing 
arid packing, storage, transportation and marketing, These effexts may be passed on to 
consumers of agricultural products (final demand linkages) through changes in retail 

products and prices. 

On-going water reductions and greater unreliability in water availability can also be 
expected to affect California's comparative advantage in producing certain commodities. 
Currently, California dominates U.S. production for many commodities (e-g. almonds- 
100%, grapes-93%, processing tomatoes-85%) and produces a significant share for 
others (e.g. cotton lint-23%, rice-22%, sugar beets-21%) (CDFA, 1985). 
Adjustments to reduced water supplies may include changes in the location of production of 
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some crops both within California and to other states or countries, altering these relative 

shares. 

Eocation changes andlor reduced production of certain commodities may also affect the 
value of California agricultural exports. In 1985, the value of California exports compared 
to total vduc of production was over 30 pacent for several c o m o d i t i ~  (e.ge cotton ht-  
6596, almonds--68%, rice 49%, safflower48% and prums-37%) (CDFA, 1985). 

Suppliers and producers with access to sufficient watez supplies (from w&r rights, 
groundwater or improved water management) may gain financial benefits as a result of 
increased water and land values and new opportunities for water marketing. Conversely, 
regions with very restricted water availability would experience damased land values an8 
large hmes in water prices. The financial resources generated from land sales and water 
transfers could partially offset the negative production impacts associated with reduced . 
water supplies. However, the Benefits to the local economy from such transactions depend 
upon reinvestment of sale pfoceeds into locally . productive . . enterprises. 

Local economy impacts on agricultural and non-agricultural employment, land values, the 
tax base (sales and income) and future economic growth can be aggregated to estimate these 
impacts at the regional and state levels. In the short-run, these estimates will primarily 
rkflect impacts. on agriculture and related induskes. In the long-run, alternative non- 
agricultural uses for land and water may become viable local economy options for some 
areas. However, transfers of natural resources, employment and income to non- 
agricultural activities would lead to changes in the level and composition of economic 
activity statewide that should be evaluated ex-anfe by state planners. 

3.6 Data Needs, Status of Data Collection and Sources 

Data that would be required for assessing impacts were determined generally in Phase I of 
the study based on the identified linkages between suppliers, producers and local 
economies depicted in Figure 3.1. In Phase 11, a key objective was to identify and collect 
available primary information kfore any original data collection was begun in later phases 
of the study. Tables 3.1 and 3.2 provide a review of the identified data needs, the status of 
data collection at the end of Phase 11, along with some indication of how comprehensive 
and consistent these data were between districts. As indicated from these tables, a great 
deal of the data identified as necessary in Phase I were collected and verified by the 
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districts. Phase III research efforts will be partially directed toward completing data 
collection, particularly at the farm-level where district specific data are somewhat limited. 

Appendix B provides a list of field visits and interviewees. 
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2. Service area 

b. Municipal and industrial uses 

deliveries by rights and contracts 
2. Groundwater supplies documents, USBR, DWR, 

a District swnedloperated wells 
b. Private wells leased by district 

mean flow, etc.) 
2. Soil Profile 

4. Groundwater availability 
5. Surface and groundwater quality 

2. District rules and regulations 
3. USBR contracts 
4. SWPIKGWA contrasts 

a. Canalslpipelines (location, 
capacity, materials, etc.) ict interviews and 

b. Number of turnouts 
c. Number and type of water meters 

, 2. Drainage systems 
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Table 3.1 (continued) 
lnformatlon and Data Needs . 
F. Flnanclal Structure 

1. Revenues 
a Water sales 
b. Fixed producer charges 
c. Other revenue 

2. Expenses 
a General and administration 
b. Sources of supply 
c. Pumping and power 
d. Transmission and distribution 
e. Other expenses 

G. Resource Quallty Issues 
1. Drainage water management and 

disposal 
2. Groundwater overdraft and associated 

resource quality problems (e.g. 
changes in water quality, subsidence, 

, . iost storage capacity, etc.) 
3. Fish and wildlife habitat 

H. Water Conservatlon Actlvltles 
1. Physical system improvements 
2. Producer information and technical 

assistance 
3. Economic incentives to producers 

a Price policy (e.g. tiered prices) 
b. Water allocation limits 
c. Subsidies (e.g. low interest loans) 

Collection 
Status 

Y eS 
Y eS 
Y 0s 

Y 0s 
yes ' 

. . yes 
Y 0s 
yes 

Yes . 
Yes 

partial 

partial 

yes 

Y 0s 
Y 0s 
yes 

- Explanatlon 

1988-90 
1988-90 
1988-90 

1988-90 
1988-90 
1988-9.0 
1988-90 
1988-90 

interviews' 

' 

WWD and ElD 

CClD only 

CClD only 
'if needed 

' Sources 

District financial 
statements 

District interviews and 
documents, Federal-State 
San Joaquin Valley Drainage 
Program, Cal. Fish and Game, 
U.S. Fish and Wildlife 
Service, DWR, SWRCB 

District interviews and 
documents 
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a Number of wells 
b. Quantity of groundwater pumped 

b. Double cropping 
c. Common rotations 

d. Fertilizer and chemical use 
e. Water requirements 
f. Seeds and other inputs . 

2. Irrigation technology 
a Irrigation systems (flood, 

sprinkler, furrow, drip, etc.) 
b. Irrigation management practices 
c. Energy systems for irrigation 
d. Information and technical 

assistance 
3. Resource conservation practices 
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Table 3.2 (continued) 
lnformetlon and Data Needs 

F. Farm Structure 
1. Size distribution 
2. Organization type (partnership, 

corporation, etc.) 
3. Operator characteristics 

G. Flnanclal Health lndlcators 
1. Bank lending policies 
2. Land values 
3. Farm revenues 

.4. Farm expenditures 
5. Bankruptcies 

, 

Collectlon 
Status 

Yes 

partial 
partial 

Y 0s 
partial 
partial 
partial 
partial 

Explanatlon 

1987, County 
1987, County 

interviews 
county info. 
county info. 
local banks 

'if needed 

Sources 

District interviews and 
documents, California Ag. 
Census, County Assessors 
Office, U.C. Cooperative 
Extension 

District interviews and ' 
documents, Local banks, 
Local real estate boards and 
agents, Marketing boards, 
CDFA,CountyAg.Comm., 
ASCS, NASS 
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4.0 DISTRICT RESPONSES AND ADJUSTMENTS TO 
CHANGES IN WATER AVAILABILITY 

4.1 Introduction 

Figwe 4.1 illustrates the potential options available to water suppliers facing changes in 
water availability, subject to certain hydrological, institutional, physical and c n w t a l  
constraints. The case study districts cover a wide range of water supply scenarios in 
W o w i a  agricultm. Each district's access to water through historid rights and contract 
entitlements, and unique set of constraints and opportunities for conserving existing 
supplies andlor acquiring new supplies, will determine its ability to successfully manage 
water shortages and increased water supply variability in the future. 

4.1.1 District Adjustment Mechanisms: Short-Run Responses and 
Long-Run Adjustments 

In the short-term, water districts employ two basic strategies for managing water supply 
reductions: 1) enhance water supplies through alternative sources, and 2) utilize techniques 

; to reduce water demand and redistribute scarce supplies. Alternative sources of supply can 
be obtained from increased groundwater pumping, either directly from district wells or 
indirectly through district encouragement of on-farm groundwater pumping and integration, 
and from out-of-district water transfers, including State Water Bank purchases. 

Districts utilize a variety of techniques to reallocate supplies among water users and to 
reduce aggregate water demand, including: 1) "critical'' year allocation programs; 2) timing 
restrictions on deliveries; 3) management of intra-district surface water and groundwater 
transfers;' and 4) carry-over provisions and credits. 

To bring reduced water supply in line with demand, districts may institute temporary (or 
long-run) economic disincentives for high intensity water use, such as tiered pricing. This 
mechanism may also raise revenue for districts hurt financially by reduced water sales. 
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FIGURE 4.1: DISTRICT ADJUSTMENTS, CONSTRAINTS AND IMPACTS 
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Water users can be encouraged to adopt more efficient water management techniques 
through district-provided infoxmation,, technical assistance and economic rewards for 
demonstrated water savings. 

Although some short-term responses are effective at reducing water dcxnand (e.g. better 
management practices), changes in water availability on a more pemancnt basis generally 
require more long-lasting actions. Changes may have to be made in existing institutional 
and/or physical conditions, requiring significant investments of capital. Such investments 
include: 1) improvements in the.physicd deli"ay system; 2) increased groundwater 
pumping capacity; 3) increased surface . . water recharge capacity; and 4) improved water 
storage facilities. Districts can also adopt policies that encourage iong-run water 
comervation at both the district and grower levels, such as replacement of inammtc water 
meters, canal and ditch lining and low interest loan programs to fund.on-farm higation 
efficiency improvements. 

Some water suppliers may have tht opticm to improve long-run inter-tempcd water supply 
reliability through water exchange agreements with other suppliers, both agricultural and 
urban. Depending upon water availability, others may seek to expand total supply through 
new diversion and/or storage rights. If granted, new water rights are often tied to water 
supply projects involving considerable outlays of capital. Water.suppliers lacking local 
water sources may pursue new or greater volume long-term contracts with the CVP or 

SWP, although this option has become less viable in recent years. 

4.1.2 Opportunities and Constraints 

The short and long-term responses available to each district arc dependent on its unique 
characteristics. Each district, for example, faces a different "cost curven to implement 
water saving strategies. The heterogeneity in prevailing opportunities and constraints 
among Central Valley water suppliers explains, in large part, the wide variation in these 
strategies. For example, district access to abundant, good quality groundwater storage 
presents an opportunity for conjunctive management of surface and groundwater, while 
limited access presents a constraint. 

Legal and institutional rules can make some adjustments more attractive than others, and in 

some cases may even block potential adjustments. For example, the fact that groundwater 
pumping is largely unregulated is one =son why districts turn to this option as a primary- 
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m p m e  to shortages in surface supplies. By contrast, various legal and institutional 
mt~ictiolls on water fralxdm have so mebimgs detg.red districts fiom using transfm as a 
method of adjusting to water shortages. Particular districts may also irk the statutory 
authdty t o p u r s u c ~ d j u s t m m t  meclumkms. 

The physical delivery system of each water supplier, and of the majoa g0v-t water 
pjects, also present opportunities and cms%haislts f a  managing water shomges. The 
physical comgsec~pts of the conveyance system (canals, pipelines, pumps, -outs, 
meters>-and their location, '&ad@ and effectivd~ess-affixt water delivery efficiency 
and the potential for reduction and/or recovery of system water lqsses. Inm-seasonal 
pumping capacity, flow xestsictions at Q Delta, storage a d  flood control Ieq-ents &d 
conveyance system botknccks place constraints an water tramif- a d  the timely deliveq 
of water to meet krigatorneeds, 

Financial and institutid fators detcdne the extent to which a water supplier can invest 
in physical system i m p v e ~ ~ a t s  an8 new facilities %o increase water supply reliability. 
Districts with limited reserves and large fied-costs a high debt s&~e arc less able to 
invest in major improvements such as canal lining, h W o n  of underground pipeline and 
automated pumping and metering systems. Development of new water diversion and ' 

'i 

storage projects is usually contingent upon securing additional water rights from the 
SWRCB, a lengthy, costly and uncertain process. 

" 

Environmental concerns are playing an increasingly important role in circumscribing the 
adjustment mechanisms open to water suppliers faced with reduced water supplies. The 
resource issues most e1osely linked with water supply, use and disposal are: 1) surface 
water and groundwater quality; 2) chinage management and disposal; and 3) pramtion of 
wetlands and fish and wildlife habitat. State- regulation of water quality standards and 
protection of habitat are guided by tRe water quality standards, flow levels and allocations 
authorized by the SWRCB, and by the laws and regulations governing environmental 
ptection at the state and federal levels. 

The environmental review requirements for obtaining approval for new water supply 
projects are rigorous and the views of environmental groups are gaining more attention and 
dibi l i ty .  This has tended to create an antagonistic relationship between water suppliers 
amd developers interested in expanding supply, on the m e  hand, and environmental 
organizations interested in limiting new sources of developed water, on the other. This 
antagonism can act as a major constraint for c d n  kinds of adjustments to-water 
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shortages, but it can also present an opportunity far looking toward long-team solutions 
that are more sensitive to ~~~vhnmenta l  impacts. In essence, environmental concerns 

% 

oblige water suppliers to consider and justify ar mitigate the 1ong-m net social costs of 
their decisions, in addition to any ~h tXt -~n  private costs and benefits. 

.4.1.3 Identifying Impacts 

The adjustment mechanisms adopted by warn suppliexs facing changes in watea availability 
have certain impacts that are important to identify and evaluate. These impacts may be 
feaily apparent in €he short-nm or "pokn~al" and too uncertain to assess with any 
confidence. In this report, both the apparent and potential impacts of the more significant 
water supplier and producer adjustments are identified, with some specific examples cited. 
However, the quantifition of these impacts is left to Phase Ill when fkuther data re@ired 
for this type of analysis will Be coUecte& 

4.2 District Water Supplies 

Annual water supplie!s in California fluctuate with snowp&k and nmoff, storage capacity 
and inventories and groundwater levels as discussed in Chapter 3. The distribution of 
annual supplies among competing users is determined by government enforced water 
quality and envirommtal standards, on the one hand, and long-standing water rights and 
supply mnuact obligations, on the other hand. These "state of nature" conditions and 
institutional factors determine not only the quantity of water available for use by 
agriculture, but also the quality, timing and reliability of this supply. Each district's 
historical access to water, and unique set of opportplnities and constraints for conserving 
existing supplies andior acquiring new supplies, will detedne its ability to successfully 
manage water shortages and inmased water supply variability iu the future. 

4.2.1 District Project Water Entitlements and Deliveries 

All seven of the case study districts receive a portion or all  of their water through either the 

federal Central Valley Project (CVP) or the California State Water Project (SWP). Four of 
the suppliers are CVP service contractors: ANin-Edison WSD (AE), El Dorado ID (EID), 
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Glenn-Colusa ID (GCID), and Westfands WD (WWD). One supplier, Central ChMd 
ID (CCXD), is a C W  exchange contractor, having exchanged its original water rights on. 
the San Joaquin River in 1939 for access to a firm supply of 6VP water &lived through 
the Delta-Mendota Canal. Two of tbe suppliers are Kern County Water Agency (KCWA) 
sukontractsrs for SWP water: Emst Hills WVD (LEWD) and Wheeler Ridge-Wcoga. 
WSD o. 
Table 4.1 sbows the Class I (a) and Class II (n&-fm) wwat mtitlements and defivesies 
for each of the five CWP contracbors, on average, and in drought years 1977,1990 and 
1991 as well as in 1989. The average figures efl- entitlements and deliveries from 1975 
through 1989, excluding 1977. Figure 4.2 depicts the delivehy figures graphically, 
demonstrating the ~ la t ive  variability of water supply among districts over t h~ .  Table 4.2 
and Figure 4.3 show the same information f a  the two KCWA subeontracton. 

Each district's contract with the USBR fox CVP water s-ks water mtid'ements in 
normal and critical years. Critical year entitlement cuts wry ~~g to type of m n w t ,  
priority level and source of water, among o k  facfm. CCD, an exchange contractor, 
was subject to a cut of 25 percent in critical years 1974 and 199 1, and a 15 percent cut in 

1990. 

Glenn-Colusa ID receives the bulk of its water from its "base supply" h m  the Sacramento 

River and Stony Creek, and a small portion fiom a service contract for CVP water (Table 
4.1, footnote h). Both the service contract and the base supply are sub~eet to cuts when the 
inflow to the Shasta Reservoir falls below 3.2 aillion AF. GCIB9s total C W  entitlement 
cut was 25 p e n t  in 11977 and 1991. The projected 25 pacent cut in 1990 was restored to 
full entitlement after the late May rains brought Shasta above the threshold level. 
Nevertheless, planting decisions based on short supply projections reduced irrigation 

d such that a portion of the CVP deliveries was fkd for transfer (2!5,080 AF) and 
the remainder went unused (22,300 AF). This incident points out that late water 
entitlement announcements, or late changes in deliveries on entitlements, can impose 
serious mculties for water and agricultural planning. 

Amb-Edison WSD's CVP contract differs from the other CVP districts in two aspects: 1) 

it receives its entitlement water from the Fiiarnt-Kan (FK) Unit of the CVP; and 2) its C W  
Class I or fum entitlement, 48,000 AF, represents only a small portion of its total 
entitlement, 351,675 AF, when Class II supplies are included. Average annual CVP 
deliveries to the district of 191,000 AF, reflect this highly variable Class I1 water 
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Table 4.1: Entitlements and Deliveries of Contract Water, Case 
.Study CVP Contractors 

Actual Dellverles 
of Contract Water 

191,000 (d) 
10,000 
39,200 
27,200 
40,000 

Dlstrlct 

Arvln-Edlson WSD (b) 
Average (c) 
1977 
1989 
1990 
1 991 

Entitlement (a) 

Central - Callfornla ID 

1977 
1989 
1990 (i) 
1991 
Westlands WD 
Average 
1977 
1989 
1990 
1994 
Total 
Average 
1977 
9 989 
1990 
1991 . 

Total 

191,000 
1 0,000 
39,200 
27,200 
40,000 

Class I 

38,300 
10,000 
39,200 
27,200 
40,000 

Class II 

152,700 
0 

' 0 
0 
0 

78,800 
105,000 
105,000 
78,800 

1.1 50,000 
287,500 

1 ,I 50,000 
575,000 

0 
0 
0 
0 

0 
0 
0 
0 

2287,500 a 

- .  78,800 
. 105,000 

105,000 
78,800 

1 , I  50,000 
287,500 

1 , I  50,000 
575,000 

1,856,308 
828,900 

1,857,200 
1 ,I 86,500 

855,100 

69,800 
99,300 

105,000 
77,600 

1 ,I 88,600 
298,300 

1 , I  00,200 
799,100 ( j )  

Values in Acre-Feet (rounded to nearest 100) 

152,708 
0 
0 
0 
0 

2,0Q9,000 
828,900 

1,857,200 
1,186,500 

855,100 

2,011,700 
763,600 

1,800,000 
1,455,700 

879,400 
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Agreement with Cross Valley C m J  (CVC) water suppliers, the Distrid gave up the firs! 174,300 AF el 
Friant-Kern water for 128,380 of surface water giupplied from the Delta. In 1988, an ame~ded 
agreement was signed that provides kin-Edison with 108,300 AF of Delta water from the CVC 
suppliers IR exchange for 150,596 AF of the Rrst 174,300 AF of Friant-Kern water. (c) Average Is 
defined as the average of 1975 through 1989, excluding 1977. (d) This mount of water is available 
to the District from the Friant-Kern Canal, though its exchange agreement requires that a portion 
be traded to the CVC exchangers. (el In Febtuarll 1990, USBR declared .water supplies to be 
*srltick.' thus reducing supplies available to the District. In June, however, full supplies 

Project Operations,' (1988) and personal communications with Cliff Trotter and Steve 
Collup. Central California Ip: Financial Statement and Annual Reports (various years); 
Water Distribution,' (1980) and personal communications with Mike Porter. El Borade ID: 
Penonal communication with Rob Mcott and Dorine Kelley. Glenn-Colusa ID: 'Report on 
Water Measurement Programn (1981 and 1990) and personal communications with Bob Clark 
and Lou Hosky. Westlands WD: 'Facts and Figures, 1989' and personal communications with 
Steve Ottemoeller and Shelley Vuicich. 
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Figure 4.2: Central Valley Project Deliveries, Case Study Districts 
Source: CVP Enfitlements and Deliveries Table 
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Figure 4.3: State Water Project Deliveries, Case Study Districts 
Source: SWP Entitlements and Deliveries 
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availability, which has ranged from zero in critical years to over 300,O AF in wet years. 
~ ~ i n - ~ d s r a o o n ~ a ~ t t o a f b ~ n ~ w i ~ ~ ~ ~ ~ c o n t r a c m a ~ m  
sf its'highly variable F-K supplies for a lower but moire stable level of Delta water delivered 
through the Cross Valley Cad.  ANin-Edison WSD experienced a 29 percent cut in its 
C W  h water entitlement in 1990 and no cut in 199 11. 

El Bofaeo ID has three USBR contracts to pump water h m  Lake Folsom for a total 
entitlement of 7,600 AF per year, and a scprate contract to consume up to 23,880 AF of 
water per year fiom the Sly Park Unit of the 6VP. EID manages the Sly Park facility to 
ensure adequate inter-temporal water storage for the district. T%lc facility is not subject to 

CVP entitlement cuts during dry years. Entitlements from LaLe Folsom w m  cut by 25 
percent (1,900 AF), 50 percent (3,800 AF) and 75 pement (5,788 AF) in 1947,1990 and 
1991, respectively. Deliveries to El Dorado ID typically fall short of entitlements, in both 
normal and dry years, because of physical capacity an8 treatment facility amsmints. 

Westlands WD (WWD) is the largest contractor among the case studies, and the largest 
agricultural water district in the Central Valley. Its full entitlement is 1.15 million AF of 
Class I waier moved through the Delta-Mendota Canal and delivered to the District through 

the San Luis Canal. Of the total, 900,000 AF are allotted to Priority Area the original 
Westlands Water District, and 250,000 AF to Priority Area 11, the former Westplains Water 
Storage District. During water short yeaus, Westlands' CVP entitlement reductions are 
based on the District's full contract entitlement (as a fraction of total CVP entitlements) 
multiplied by the total water supply available to all contractors on the San Luis Unit. 
WWD's entitlement was cut by 50 percent in 1990 and by 75 percent in 1977 and 1991. 
Actual &liveries to WWB have exceeded entitlements when "inmid' water (before 1987) 
or emergency ("hardship") water (19'77, 1991) were available for purchase, or when 
additional supplies became available after unexpected spring rains (1990). 

There appears to be bss variability in the distribution of entitlement cuts among SWP 
contractors (and KCWA subcontractors) than among CVP contractors. Article 18 of the 

SWP contract specifies a complex formula for sharing the burden of reduced water supplies 
among agricultural and urban users, Article 12d of the SWP contract states that fmn water 
entitlements not delivered during a shortage period can be requested in the following 
year(s), and that such requests will have priority over surplus water entitlements. 

The two case study districts that rely on KCWA apportionments of SWP water, Lost Hills 
WD and Wheeler Ridge-Maricopa WSD, were subject to the same entitlement cuts: 50 
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percent in 1977 and 1990, and 100 percent in 1991 (Table 4.2). Both districts had 
"ramped" entitlements built into their contracts, such that the original entitlement increased 
annually until full entitlement was reached in 1990 (140,400 AF fum far Lnst Hills WD, 
252,924 AF firm plus 38,146 AF surplus for Wheeler Ridge WSD). Entitlement cuts in 
1977,1990.and 1991 were in proportion to the firm entitlements carresponding to those 

Y-• 

Total Class 1 and Class 2 (surplus) entitlements and deliveries to tht case study districts, 
on. avenge, and for 1977,1990 and 1991, are given at the end of TaB1es 4.1 and 4.2. 

As described above, there is a great deal of va.iabi1ity.h the level of project cuts 
experieaced by the case study districts during the three criticat years. However, averaging 
~ v e r  these differences, the total cuts in Class 1 entitlements for the five CVg cantractors 
amounted to approximately 55 percent in 1977,40 pexccnt m 1990 and54 pgcent in 1991. 
The cortesponding average cuts for the two KCWA subcontractors were 69 percent, 28 
percent and 100 percent (based on "ramped* averages, 1975-1989, excluding 1977); All 
Glass Uslpplus water entigements and deliveries were'suspended during these years. .Total . 

water delivered to the five CVP cqntractors sums to about 2.0 million AF, on average. 
Deliveries fell short of the average by 62 percent in 1977.28 percent in 1990 and 56 
percent in 1991. The comsponding shortages for the two KCWA subcon&actars were 75 
percent, 42 percent and 100 percent 

Figures 4.2 and 4.3 show the cumulative project (CVPISWP) deliveries to the case study 
districts for 1975 through 1991. The figures clearly show the dramatic decline in deliveries 
in 1977, and, with respect to CVP deliveries, the more gradualdecline beginning in 1986 
and accelerating after 1989. The fairly sharp decline in SWP deliveries in 1983 is 
explained by the Payment-In-Kind (PM) option available to producers participating in . 
fe&ral commodity  pro^^ which resulted in large reductions in planted acreage and 
axresponding water use. Figure 4.2 also shows the largest share of &liveries going to 
Westlands WD, with CCID second. 

4.2.2 Total District Water Supply Availability 

In addition t6 project warn supplies, all s=ven case study districts receive water fm other 
sources, either on a regular basis or in critical years on an emergency basis. Table 4.3 
shows the quantity of total available water fn>m each source for the five CVP contractors, 
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over a fourbeen year average, and for the critical years 1977,1199g and 1991. The somts 
of water included are: CVP deliveries, other long-term supplies (exchanges, appqrhtive 
rights, private contracts), transfers and district provided groundwater. Bn-farm 
groundwater extractions are not included. The last c01um gives the total quantities 
available for use for the same yean and districts. Table 4.4 provides the tpme infoxmatiion 
for the two KCWA subcontractors. 

4.2.2.1 Rights to Other Sources 

Of the case study districts, two obtain nsn-pr6ject water through pre-1914 appropriative 
~ g h t s  to local water sources: El Dorado ID (American River-post-1914, Consumnes 
River, Misc. Creeks) and Glenn-Colusa ID (Sacramento River, Stony Cnk).  El D o d o  
ID also has a permanent contract entitlement from P6&E (PG&E Forebay) 86quiaed in 
exchange for the dghl o develop a @ow of the Axnerim River for hy~oclcsidc powero . 

Central Califomizt ID held pre-1914 appropriative rights to the San ~oaq& River, but 
exchanged these rights in 1939 for CVP water &livered through the Delta-Mendota Canal. 

- Lost Hills WD filed an application with the SWRCB in 1988 for appropriative rights to the . - 
Kern River, which remains under dispute. 

Arvin-Edison's contract provisions with the USBR for Class I and Class I1 water. result in . 
.. 

very high variability in surface water supply, varying from over 300,000 AF in wet years 
to less than 40,000 AF in dry years. In 1974, the District enMd &to agreements with 
eight small CVP contractors locared on the east side of the San Joaquh Valley to exchange 
a maximum of 194,300 AF of C h s  I and C h s  2 Frht-Kern water for 119,300 AF of 

f m  Delta water through the Cross Valley Canal (CVC). Arvin-Edison sought this 
agreement for the purpose of stabilizing its average annual surface supply and increasing 
supply during &y years. In exchange for these benefits, Arvin-Edison forfeited higher 
quality Friant-Kern water for CVC water. An amended exchange agreement effective in 

1989 provides for 108,300 AF of CVC water in exchange for 150,596 AF of the first 

174,300 AF of Friant-Kern water. Figure 4.4 shows the variability in Friant-Kern water 
delivered to Arvin-Edison WSD and exchanged, versus the relatively more stable supply of 
water sent by the Exchangors to ANin-Edison through the Cross Valley Canal. 
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Table 4.3: Total Water Supply Availability, Case Study CVP 
Contractors 

Total Water 
Avallablllty 

(c) 

87,900 
123,500 
193,800 
186.1 00 
146,700 

552,400 
434,800 
567,600 
546,600 
456,600 

32,500 
19,200 

I Values in Acre-Feet (rounded to nearest 100) I 

Dlstrlct 
Provlded 

Groundwater 

-25,800 
82,000 
36,300 
99,200 
76,800 

25,800 
65,800 
23,600 
48,100 
65,100 

0 
8 

Dlstrlct 

Anrin-Edlson WSD 
Average (d)(e) 
1977 (9 
1989 (9  
1990 (f) 
1991 (f) 
Central Calif. ID 
Average 
1977 
1989 
1990 
1991 
El Dorado ID (g) 
Average 
1977 

CVP 
Contract 

Dellverles 

38,300 
10,000 
39,200 
27,200 
40,000 

51 6,600 
379,000 
544,000 
508,500 
391,500 

22,300 
6,500 

Other 
Long-Term 

Supplles (a) 

73,400 
31.1 00 

11 7,300 
55,600 
24,400 

0 
0 
0 
0 
0 

10,200 
12,700 

Dlstrlct and 
Prlvate 

Transfers (b) 

2,000 
400 

1,000 
4,100 
5,500 

6 0.000 
0 
0 

-1 0,000 
0 

0 
0 
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hys id  source of the surface water supplies, data for 1977, 1989, 1990 and 1991 are based 
the contractual sou- of the surface eupplles. It shows that in years when Clam II water 
not available, the District exchanges nearly all of its CVP contract water for water supplied 
the CVC water suppliers. (g) The water supply data for El Dorado ID .is for municipal and 

ricultural use. The District's %her long-term supplym is obtained through a contract with 

'District provided groundwaterm includes water supplied by producers participating in the 

11990); and personal communications with Steve Ottemoeller and Shelley Vuicich. I 
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Table 4.4: Total Water Supply Availability, Case Study SWP 

Total Water 
Avallablllty 

(c) 

130,300 
87,700 

139,800 
108.1 00 
38,800 
. . 

206,600 
. 80,400 
205,000 
186,900 
67,900 

336,980 
168,100 
344,800 
295,000 
106,700 

Footnotes: (a) Lost Hills WD and Wheeler Ridge-Maricopa WSD are subcontractors to the Kern County 
Water Agency (KCWA) and receive an apportionment of the KCWA'S State Water 'Project (SWP) contract 
entitlement. (b) Other long-term supplies includes exchange agreements, non-SWP water supply 
contracts, appropriative rights, etc. (c) Total Water Availability' does not include groundwater 
that is extracted by producers. (d) Average is based on data from 1975 through 1989, excluding 
1977. (e) Includes 10,200 acre-feet of water that was transferred to producers through private 
transfers. (f) includes' 33,300 erne-feet from the KCWA Emergency Groundwater Pool and 8,100 acre- 
feet from other transfers. (g) Wheeler Ridge-Maricopa WSD gave water 'credits' to growers who 
pumped groundwater into District conveyance facilities for delivery to producers in the Surface 
Water Service Area. 
Sources: Lost Hills WD: 'Annual Water Use Summary: 1979-1991' (8121191) and personal 
communications with Phil Nixon and Joe Steele. Wheeler RidgeMaricopa WSD: Ten Years of Water 
Management: 1971 -1 980' (1 981); Water Deliveries: 1981 -1 991' (1 991) and personal communications 
with Arnold Rummelsburg and William Taube. 

' Dlstrlct 
Provlded 

Groundwater 

0 
0 
0 
0 
0 

0 
0 
0 
0 

26,500 (9) 

0 
0 
0 
0 

26,500 
nearest 100) 

Dlstrlct 

Lost Hllls WD 
Average (d) 
1977 
1989 

,1990 
1991 
Wheeler Ridge WSD 
Average 
1977 . 
1989 
1990 
1991 
Total 
Average 
1977 
1989 
1990 
1991 

Contractors (a) 
SWP 

Contract 
Dellverles 

130,300 
44,200 

139,800 
70,200 

0 

206,600 
4% ,800 

205,000 
126,500 

0 

336,900 
85,200 

344,800 
196,700 

Other 
Long-Term 

Supplles (b) 

8 
8 
0 
0 
0 

0 
0 
8 
0 
0 

. 0 
0 
. 0 
0 

0 .  0 
Values in Acre-Feet 

Dlstrlct 
and Private 
Transfers 

0 
43,580 

0 
37,900 
38,800 (e) 

0 
39,480 

0 
60,400 
41,400 ( f )  

0 
. 82,900 

0 
98,300 
80,200 
(rounded to 
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4.22.2 Water Transfers 

In average water supply years, none of the districts engage in external water m f e r s  to a 
significant degree. However, during critical years, L a t  Hills WD, Westlands WD and 
Wheeler Ridge WSD have all depended on transfers to supplement large surface water 
entidement cuts, especially in 1991. Transfes include purchases of "banked" water from 
the State of California and the Kern County Water Agency, as well as purchases from 
water agencies, farms and ranches throughout the state. Two of the case study disdcts, 
C W  and GCID, have sold excess water outside the district fiom time to time. The 
transfer activity is detailed in Tables 425 and 4.6. Transfer data for WWD, LHWD and 
WRM include both transfers by districts and tmnsfess by individuals conveyed through 
district facilities. 

4.2.2.3 District Groundwater 

Two of the case studies supply groundwater to p r o d m  from districtavned and operated 

wells andlor privately owned wells leased to the district Arvin-Edison WSD and Central 

California ID. The percentage figures presented in Table 4.3 indicate that district 
groundwater extractions increased markedly in the dry years 1977, 1990 and 1991 as 
compared with average levels, particularly in Arvin-Edison WSD. In 1990, Westlands WD 
implemented the "Groundwater Integration Program" to allow growers to pump 
groundwater that meets drinking water quality standards into the District's distribution 
system and the San Luis Canal for future water "credits". This supply is included under 

"District Provided Groundwater." fi 199 1, Wheeler Ridge-Maricopa WSD allowed 
26 300 AF of grower groundwater to be delivered through the District's conveyance 
system to the "suxfam water service area," in exchange for surface water credits. This 
water is dso inc%udd under "District Provided Groundwater" in Table 4.4. On-farm 
groundwater pumping as an option for growers coping with reduced district allocations is 
reviewed in Chapter 5. 

4.2.2.4 Total District Supplies 

The last column in Tables 4.3 and 4.4 gives total water availability per district for the 
combined water sources (average, 1977, 1989, 1990, 199 1). The information provides 
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r~ources: See Table 4.3 1 
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1990 
1991 
Total 
Average 
1977 
1'98'9 
1990 
1991 

Values in Acre-Feet (rounded to nearest 100) 
Sources: See Table 4.4 

69,400 
41,400 

0 
82,900 

0 
98,300 
80,200 

186,900 
67,900 

336,900 
168,100 
344,800 
295,000 

0 

. 3 2  
. 61 

0 
4 9  

0 
3 3  
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insight into each district's flexibility for supplementing project cuts with other water 
sources and, consequently, the actual "ncS' water shortages individual districts have faced. 
~ i ~ u r &  4.5 through 4.1 1 illustrate this informati& for each of the seven districts. It is 
clear that those districts with access to multiple sources of water (AEWSD, EID) or those 
with contracts that specify relatively small reductions in critical years (CCID, GCD) have 
k e d  best, whereas those districts highly dependent upon project water with little flexibility 
for augmenting supplies have fared worst (WWD, LHWD, WRM). In the remainder of 
this chapter, we will discuss the iesponsq and adjustments that these disticts have adapted 
in the face of "net" water shortages ind identify the expected finnacial &d economic 

. . 
impacts. 

4.3 District Adjustment Mechanisms to- Changes In Water 
Availability 

There is a wide array of options available to water supp11crs faced with water shortages. 
However, the desirability and feasibility of these options, both in the short and long-run, 
vary markedly among suppliers. Agricultural districts will tend to choose those options, or 
mechanisms, which provide the most reliable water s u ~ y  for higation at the iwt cost to 

water users This chapter describes these options, and associated constraints and impacts, 
for the case study districts, as follows: 
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Figure 4.1 1 : District Water Supplies, Wheeler Ridge-Maricopa WSD 
Source: District Water Supply Availability Table 

Transfers SWP Contractors 
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DISTRICT ADJUSTMENT OPTIONS 

Maintalnlng Water Supply 
Groundwater Pumping and Integration 
External Water Transfers 
Exchanges and Banking 
New Projects and Contracts 

Allocation of Available Supplies 
Water Allocations to Growers . 
Timing of Deliveries 
Water Rates 
Intrce-Distrid Water Transfers 

- Efficiency Improvements. On Water 
Delivery and Use 

Information and Technical Sewices 
Conservation Measures 
Delivery System Improvements 

4.3.1- Mechanisms to Maintain and Enhance Water Supply and 
Improve Supply Reliability 

4.3.1 -1 Groundwater 

Groundwater Pumping 

Inzroduction-Groundwater pumping opportunities vary tremendously depending upon 
geological, hydrological and soil conditions in any given location in the Central Valley. 
Some water suppliers are located above inaccessible groundwater aquifers, or in areas 
where pumping is uneconomical because of low draw rates or high pumping lifts, and thus 
must rely solely on surface water sources. - Where feasible, however, water suppliers 
facing adverse changes in surface water supply are likely to expand their existing 
groundwater pumping capacity or initiate new pumping activities. Some districts own and 
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operate their own wells, while othas lease wells or purchase well water kom landownem. 
In water short years, districts are able to increase extractions by drilling new wells, 
refurbishing old wells and installing larger andlor more efficient pumps. Districts that do 
not pump groundwater themselves sometimes respond to shortfalls by facilitating intra- 
district groundwater transfers or by providing surface water "credits" to encourage 
groundwater integrakon and banking. 

Increased groundwater pumping is an attractive source of supply for several reasons. 
First, the groundwater is locally available and thus can usually be used without 
constructing expensive new conveyance facilities. Second, because groundwater supplies 
are made up of both current recharge and accumulated groundwater reserves, supplies ate 
available even when drought conditions have temporarily limited surface allocations. 

Finally, the practical legal and institutional restraints on increased pumping 'ire generally 

minimal. Increasing pumping, unlike augmenting surface supplies, does not require new 
permits or government contracts, thus avoiding the costly 'applications, studies, hearings 
and/or negotiations'that often accompany the latter. Although California judicial law 
theoretically limits groundwater withdrawals to the !'safe yield" of the aquifer and provides 
for the "adjudication" of individual groundwater rights, none of the groundwater aquifers 
in the study area has been adjudicated or is cwrently under judicial supervision. Water 
suppliers are thus effectively free at the moment to decide for themselves how much water 
they should pump at any given time, subject only to prevailing physical and capital 
constraints. 

These physical constraints, however, can be very important. The high energy and 
maintenance costs associated with pumping from lower depths or at higher rates can 
significantly increase district costs. In addition, high pumping rates, over and above safe 
yields, can lead to deteriorating water quality. The type and degree of water contamination 
depnd upon local hydrological and soil conditionsand historical levels of overdraft, so 
that the level of pumping that will result in unacceptable water quality varies. Other 
resource quality impacts associated with heavy groundwater pumping are land subsidence 
and long-run aquifer depletion. 

Conjunctive water use programs have the potential of avoiding these degradation problems 
by recharging the groundwater basin with surface water in wet years, and by limiting 
extraction rates to levels that maintain long-run groundwater stability. Conjunctive use 
programs, however, raise a variety of legal issues or constraints. Does the district, for 
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example, have the power b limit private withdrawals frnn the aquifer in order to prevent 
"users" from effectively capturing the stored water? Although the California Supreme 
Court has held that a water supplier Bas the right to water. that it stores (and typically to the 
recharge resulting from the overlying use of that water),' a water supplier m y  not be able 
to enforce that right absent regulatory power over the aquifer or a judicial ~judication of 
rights in the aquifere Legal issues and constraints are also gresented by (1) the various state 
laws regdating injection wells and groundwater quality; and (2) the p i f i c  authority that a 
supplier has to impose charges or assessments reflecting its conjunctive use program. 

Observed Responses-In Arvin-Edison WSD, increased groundwater extraction is the 
principal response in water short years. In 1977,1990 and 1991 the District increased its 
pumping operations ~ i ~ c r a n t l y ,  reaching a high of 99,200 AF in 1990. Figure 4.12 
displays the District's surface water supplies and groundwater extractions for 1975 through 
1991, clearly indicating the increased reliance on groundwater*. 

Conjunctive use of surface and groundwater is an integral part of Arvin-Wson's Water 
Resources Management Program, illustrated @ Figure 4.13. Two main spreading works 
and associated well fields are the principal facilities that enable the District to sustain this 

program. Managed percolation in n o d  and wet years provides the flexibility for 
pumping heavily in dry years without incurring seiious overdraft. ?;he storage 
accumulation shown in Figure 4.13 indicates that stored water in 1991, approximately 
450,000 AF, slightly exceeded the 1975 level, aRer reaching a peak of nearly 700,000 AF 
in 1986. The District closely monitors well water depth and quality to assess the impact of 
pumping on long-term groundwater stability. In principle, extraction rates have an upper 
bound based on long-term recharge rates. 

Amin-Elison's conjunctive use program is feasible because it lies over a large natural 

aquifer with excellent storage potential and wellpreduction up to 2,400 gallons per minute. 
Its permeable soils are conducive for high water percolation rates. Conjunctive use has 
helped to mitigate past problems with water quality deterioration by stabilizing groundwater 
levels and through mixing higher quality surface water into the general supply pool for 
delivery to growers. District spreading and percolation activities also benefit private well 
owners, both contract and noncontract, by recharging the groundwater basin throughout 

the area. 

City of Los Angeles v. City of San Fernando, 14 Cal. 3d 199,258, 123 Cal. Rp. 1,537 P. 2d 1250 
(1975). 

4-32 Ag. Emn S&dy(CEPRIStanford University 



Figure 4.62: Surface Water Supplies and Groundwater Extractions, Arvln 
Edison WSD 

Source: Biitrict.Water Supply Availability Table 
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CCID also relies on groundwater pumping to supplement surface water supply during peak 
demand months, and in critically dry years. -In normal years district groundwater 
extractions represent a small fraction of total water supply (about 5 percent) as shown in 
Figure 4.14. This proportion increased significantly in 1977, 1990 and especially in 1991, 
to approximately 13 percent, 9 percent and 14 percent, respectively. In 199 1, CCKD 
operated 40 deep wells with a total yield of 175 cfs. It also purchased private well water 
from landowners at $30.00/AF. 

In 1990 and 1991, CCID lost the use of several of its deep wells from collapsed casings, 
poor water quality or uneconomical pumping lifts. During the same period, the District 
estimates that groundwater yield fell by 10 percent. As a result, CCID is concerned that 
current pumping rates are not sustainable in the long-run, and may not even be an option if 
the drought continues into 1992. Poor water quality also affects the eight towns within 
District boundaries that rely on groundwater for drinking water, including Los Banos. 
CCID & h s  the problem is aggravated by contaminated subsurface flows from Westlands 

WD into District and private wells, an issue which is currently under litigation. . 

El Dorado ID does not engage in groundwater pumping and there is minimal on-farm 
groundwater pumping by District growers. Underground water supplies are highly 
variable throughout the ~istrict 'service area, with even an "excellent" well producing only 
60 gallons per minute. However, EID's ability to utilize multiple surface water sources 
partially mitigates its inability to tum to groundwater sources. 

Glenn-Colusa ID does not currently engage in groundwater pumping for distribution, ' 

though some growers in the northern region of the District use. well water on a limited 

basis. In 1989, GCID entered into an agreement with the DWR to determine the extent and 

variability of the groundwater resource underlying District land. Results from an 
experimental deep well drilled near the Main Canal indicate an excellent long-term yield 

. , potential of approximately 3,100 gallons per minute. The well proved most productive at 
500 feet. Five monitoring wells were also d d e d  to gauge the effect of pumping from the 
main well on other well locations. Thus far, pumping at full capacity fiom the main well 
has had no effect on the other wells. 

Until recently, there has been little incentive for GCID to explore or exploit its groundwater 
resource because surface water supplies have been abundant and inexpensive. If this 
situation were to change, the District plans to seriously consider the costs and benefits of 
installing groundwater pumping operations to suppiement its surface supplies. 
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Lost Hills WD, located on the far west side of the San Joaquin Valley, overlies a shallow 
aquifn with very low well yields and poor quality water. There k little potential for 
conjunctive water use. In 1977, some District growers responded to severe surface water 
shortages by drilling wells and pumping brackish groundwater to blend with surface water 
for irrigation. This practice was not repeated in 1991 because of the lack of surface water 
for (la0 percent SWP allocation.cut). There is no District groundwater pumping. 

Westlands WD's contract entitlement with the USBR is based on estimated groundwater 
safe yields (i.e. providing sufficient surface water to avert groundwater overdraft) of 
100,000 AF to 135,000 AF per year. However, with the loss of surplus or "interim" water 
supplies after completion of the San Felipe Project in 1987 and the onset of drought-related 
allocation cuts, District growers have been forced to rely much more heavily on 
groundwater, as they did prior to the importation of CVP water. 

Westlands WD does not own nor operate wells, but does encourage private groundwater 
pumping and facilitates intra-district and inter-temporal groundwater transfers among 
District growers. WWD's Groundwater Exchange Program is described in the next 
chapter. 

Three major groundwater basins underlie Wheeler Ridge-Maricopa WSD: Wheeler Front 
(43 percent of District), Maricopa Flat (18 percent) and White Wolf Basin (32 percent). 
Similar to Westlands WD and Arvin-Edison WSD, WRM depended entirely on 
groundwater for irrigation prior to its 1970 KCWA contract for surface water from the 
State Water Project. Annual overdraft prior to 1970 was estimated to be 123,000 AF. This 
problem was essentially eliminated with the added supply of SWP surface water. 
Groundwater quality in all three basins has stabilized, although the quality gets 
progressively worse toward the west side of the Distrist 

WIM does not own nor operate its own wells, though it does encourage intra-district 
groundwater transfers and exchanges. Approximately 40 percent of the District area 
depends solely on private well water for irrigation, plus any surface water transfers. 

WRM's full SWP entitlement currently exceeds District irrigation needs by about 50,000 
AF, such that in normal and wet years surplus water is available for groundwater storage 
by direct percolation or "in-lieu" deliveries. Between 1979 and 1983 the District used 
spreading ponds to augment groundwater recharge and has continued "in-lieu" deliveries 
when sufficient water was available to do so. Under Section 32006 of the California Water 
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Code, WRM can impose a charge for the use of groundwater that is furnishd by the 
District. WRM is currently undertaking studies to &te&e: 1) the amount of 
groundwater that can be claimed as a result of District activities, an8 2) the & g m  to which 
groundwater pumpers benefit b m  these activities. After the smclies have beem completed, 
the District's Board of Dresbors will consider the appropiatmess of such a charge. W 
does not presently have the authority to  gulla ate the pumping rates of growers with 
cmlative rights as a means to avert gmdwater oveadraft. 

Although WRM's full SWP entitlement exceeds c-t irrigation demands, the on-going 
drought has shown that this is not sufficiently dependable to meet minimal basic needs in 
critical years. The District is therefore attempting to develop .groundwater extraction 
programs for critical dry years both within the District and in conjunction with the Kern 
County Water Agency and several of its other member units. 

A large parcel of land in the District has been purchased by a developer who plms on 
constnacting housing. Residential water demand crated by.deve10pmmts of this type m y  
compete with agricultural demand, an issue that will become increasingly important for 
District water planning as people continue to "spill out" of the Los Angeles basin towwds 
the San Joaquin Valley. 

Groundwater Integration and Transfer 

Introduction-Water suppliers often encourage intra-district transfers among individual 
water users as a means to bring seasonal supply in line with seasonal demand. Growers 
with access to both surface water and groundwater may be in a position to transfer part of 
their District allocation to growers with deficit supply. Districts can facilitate these transfers 
by offering to convey water tmnsfers at minimum charge and by "relaxing" rules and 
regulations governing such transfers. 

Groundwater banking, pooling and integration programs have been implemented in recent 
years to increase total water availability to water sup'pliers faced with surface supply cuts 
and to facilitate inter-temporal and inter-spacial water deliveries. These programs generally 
provide fimancid incentives for growers with wells to bank groundwater in district facilities 
during peak demand months, to be claimed for use or transfer later in the, year. 
Alternatively, some districts offer surface water "credits" to gsowers in exchange for 
providing their groundwater to the district for general distribution. 
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Observed ResponseAs part of its 199 1 "6 Month Allocation Program," .and critical year 
policies, Arvin-Edison encouraged fm-level groundwater pumping, banking and 'transfer. 
Individuals could "pump in" or "bank" groundwater in the District canal for peak season 
delivery to themselves or their designates. District facilities were available to convey well 
water for use on any lands within the District boundaries. Wheeling charges were only 
imposed on transfers to non-contract lands. These actions (in addition to the "Finn Water 
Exchange Pool" discussed under surface water transfers) were designed to promote the 
conjunctive use of reduced surface water and groundwater to best meet individual water 
usef needs. 

CCID allows growers to pump into District canals for delivery to other fields owned by the 

well pumperpeaor for transfer to land owned by others within the District. Wheeling charges 
are assessed and canal loss& are deducted by CCID. 

Westlands WD operates two groundwater progaanis to encourage the conjunctive use of 
surface water and groundwater, and inter-temporal and inter-spatial water transfers among 
District growers. The Groundwater Exchange Program, begun in 1987, allows growers to 
obtain credit for metered pumped groundwater that is substituted for surface water 
allocations. Participants may then sell their surface water allocation (up to the amount of 
the credit). Since 1988, these transfers can be made to any District grower at any price. 

Westlands WD's Groundwater Integration Program (GIP), begun in 1990, allows qualified 
growers to pump groundwater into District pipelines (or the San Luis Canal, the Coalinga 
Canal or the Mendota Pool) and receive credits. These water credits can be sold to other 
growers or used to augment surface water allocations later in the irrigation season. The 
pumped groundwater is co-mingled with surface water for delivery to District growers, or 
flows south towards Los Angeles in exchange for USBR credits. During the 1990-91 
water year, the GIP added 87,000 AF of water to the District system, or about 17 percent 
of total available supply (see Figure 4.9). 

To qualify for the GIP, the contributed well water was initially required to meet potable 
drinking water standards, though these were subsequently relaxed to secondary potable 
standards in 1991. In addition, WWD must inspect and approve the pipeline hook-up and 
meter configuration, and USBR and DWR personnel must inspect and approve the transfer 
site, certifying that the project will not inflict harm on endangered species. These , 
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"transactions" can take several. months, involving considerable expense and uncertainty for 

the grower. It 

Wheeler Ridge-Maricopa WSD, in response to the 100 percent cut in SWP deliveries in 
1991, encouraged District growers to pump groundwater into the delivery system to 
augment district supplies and meet peak irrigation demand. As with Westlands WD, to 
qualify for the program groundwater had to meet potable water standards and pass 
inspection for possible harm to endangered species. In 1991, approximately 26,500 AF of 
groundwater were pumped from landowner wells into the District's distribution system and 
delivered as directed by the landowner, or in exchange for District pr6vided surface water 
credits. This repments almost 40 percent of total water deliveries. 

Impacts-The following impacts from groundwater pumping and integration, as a response 
to surface water shortages, have been identified for one or more of the case study districts. 
Both the magnitude of the impact and its increasing importance over time will vargr widely . 

among the districts, and for the Central Valley as a whole. As with other impacts to be 
identified in this chapter, a detailed analysis of the impact itself and associated policy issues 
will be an integral part of Phases III and IV of this study. 
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IMPACTS OF GROUNDWATER USE 

Energy costs 
greater demand 
--more use . . 

--greater depth 
higher rates (with greater demand) 

* 

e.0, CCID pumping costs increased from $200 to $308 
thousand in late 1980s to SO0 thousand in 199 1. 

Costs of well development, refurbishing 
and maintenance 

e.g. $150 to $400 thousand for new well, $35,000 for 
psrchase or $2,00O/mnth for lease of diesel pump. 

Increase In district financial debt 

Water quality deterioration 
well water 
mixed surfacelwell water 
water supply of local towns 

e.g. increased concentrations of salt, boron, nitrates, 
selenium and other contaminants. 

Lend subsidence 

Loss of aquifer capacity 

Depletion of aquifer 

Growth in well drilling end pump 
industries 

Smoothing of supply fluctuati;ons 
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4.3.1.2 External Water Transfers 

Transfers and. Exchanges 

Introducbio~Water suppliers facing significant water cuts that cannot be made up with 
htra-district groundwater pumping and transfers may . . attempt to purchase water outside of 
the district. Water suppliers or individuals with excess water may have an econo*c 
incentive to sell water to these excess demand m. Goveniment regulations regarding the 
sale and purchase of water have been relaxed wmewhat in recent years, encouraging a 
trend toward increased "water marketing!' State and local water agencies have also taken a 
number of steps to promote water transfers in the Central Valley. As explained in more 
&tail below, the Kern County Water Agency actively fosters water transfers among its 16 , 
member agencies; Contractors along both the Sacramento River and the Tehama-Colusa 
Cmd, moreover, have set up water banks under which member suppliers contribute and 
withdraw water. 

In Fesponse to the continuing drought in 199 1, the Govemor directed DWR to create a State 

Water Bank which served a number of the case study districts. Only agricultural water 
agencies facing water reductions of 50 percent or more were eligible. In 1991, the State 
Water Bank purchased water from interested water suppliers or individuals at $125/AF and 
transferred it to eligible parties throughout California at $175/AF, plus DWR wheeling 
charges ranging from $25-$40/AF and additional conveyance charges imposed by districts. 
Buyers also had to bear the cost of conveyance losses. The case study districts reported 
that it took from one to two weeks to receive the State Bank water after it was requested. 

Despite these transfer activities, a number of legal and institutional obstacles still constrain 
water transfers between water suppliers or users. The transferability of a water right 
depends fmt on the type of right. A riparian right, for example, cannot be trzlnsfened 
separate from the riparian land to which it attaches unless the right has been "determined" 
and quantified in a statutory adjudication (and only a small fraction of riparian rights have 
been).* Transfers of appropriative rights that involve a change in the point of diversion, 
place of use andlor purpose of use from those specified in the appropriation permit require 

Cal. Water Code B 1740. Nevertheless, many of the DWR's State Water Bank transfers involved the 
sale of water by riparian users. ?'hey "left" the water in the river and the SWP "picked it UD" as a means 
of reducing requhd releases from its storage reservoirs to maintain Delta water quality (R. ~ o a ~ l a n b  
DM). 
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approval of the State Water Resomes Control Board3 Approvals of "long-term" transfers 
of more than ; year tin require lengthy proceedings, often ihvolving public hearings.4 To 
help promote transfers, the legislature has provided for a more streambed proceeding in 
the case of "temporary changes" of a year or less under which the Board will try to make a 
determination within 60 days.5 

In the case of many proposed water transfers, the transferor will be a water supplier. 
Districts are authorized to transfer "surplus water," defined as water either which the . 
district finds "will be in excess of the needs of [its] water users for the duration of the 
transfer" or of which "any water user agrees with the [district], upon mutually satisfactory 
terms, to forego use for the duration of the trzin~fer~"~ Where the district holds an 
appropriative water right, however, it may again need Board a p v d  as just discussed. 
Before approving a transfer, moreover, the Board must find that the transfer will not 
"unreasonably affect the overall economy of the area from which the water is being 
8traflsferred."7 State laws limiting the power of various types of districts, as well as district 
rules and regulations, can also constrain water transfers. 

Transfers of CVP water raise additional issues. The Bureau has long permitted transfers of 
water among CVP contractors, and is in the process of liberalizing its rules for water 
transfers. As shown in a draft "Policy Option Paper" issued last year by the Bureau's Mid- 
Pacific Regional Office, however, transfers of CVP water will still be subject to greater 
constraints than most other sources of supply. Generally, for example, a CVP contractor 
will be able to transfer water only to another entity with a Bureau contract. Where the 
transfer will be for more than one year, moreover, both the transferor and transferee will 

need to amend their contracts to adjust relative water entitlements and payments. The 
transferee will need to pay a rate that at least meets the operation and maintenance costs 
associated with the t ransfed water, and if the water will be put to a different use than 
before, cannot take advantage of any repaymeint subsidies associated with the old use. 

3 CaL Water Code 6 1701. 

Cal. Water Code 6 1735-36. 

Cal. Water Code S 1726-27 

Cal. Water Code 6 383(1)-(b). In 1991, the legislature wpnded m the continuing drought by granting 
districts new authority to transfer water, but the authority expires no later than January 1,1993. 

Cal Water Code 6 386. 
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Transfers of SWP water for use outside a district requires the approval of the Department 
of Water Resources, but the Department has been quite supportive of transfer proposals. 
As a matter of policy, the Department has opposed transfers only where a contractor 
proposes s d h g  water that has not previously been put to beneficial use or the gansfer 
might injure other contractors of jeopardize the h e i d  integrity of the S W .  

Physical constraints can also limit water transfers. Any transfer, for example, must not 
exceed Delta pumping capacity nor violate prevailing flow standards. Transfers are also 
limited by the availability of conveyance facilities and facility capacity. 

These legal and physical constraints help explain various of the charasteristics common to 
transfers that have occurred in the study area. Almost all of the transfers, for example, 
have been "temporary," imvolving transfer periods of no more than a year. As a result of 
capacity and flow constraints, moreover, most north-to-south water transfers take place 
after peak irrigation demand from early September through mid-October. The transferred 
water is stored for dismbution and use during the upcoming wakr year. Thus, water 
suppliers must negotiate and obtain approval for transfers during summer and fall, before 
the next year's water supply is known. This lack of flexibility in the system can impede 
efficient water planning. 

Observed Responses-As noted, KCWA helps facilitate water transfers among its member 
agencies (which include both Lost Hills WD and Wheeler Ridge-Maricopa WSD). In 
1986, the KCWA adopted a "Plan for Redistribution of State Water Project Contract 
Entitlement," which promotes transfers of water from member agencies with excess water 
to other suppliers within Kern County that are encountering water shortages. In line with 
this policy, districts on the eastern portion of Kern County with good groundwater supplies 
are encouraged to pump more heavily during dry years and release part or all of their . 

surface entitlements, for a fee, to west side water users who face supply shortfalls. Under 
KCWA's redistribution plan, the "first priority in dealing with excess water is to assure that 
the State Project allocation to Kern County remains available to Kern County users." 
Although transfers outside Kern County will not be considered if any member agency has 
need for the available water, the KCWA did approve a short-term transfer of water to 
Westlands Water District during the c m n t  drought. As explained in the next chapter, the 
KCWA has also created an Emergency Groundwater Pool program in which the Agency 
stores underground water for emergency distribution to its member agencies. 
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Wheeler Ridge-Maricopa WSD . . has both sold and purchased water. In 1988, forexample, 
WRM permanently transferred a portion of its SWP entitlement to Improvement District 
No. 4, which is also a member unit of the KCWA. During drought years, WRM has also 
occasionally purchased water to help meet its farmers' needs. Transfers accounted for 
nearly 50 percent of WRM's total supply in 1977.32 percent in 1990 and 61 percent in 
1991 (see Table 4.6). The KCWA Emergency Groundwater Pool furnished 34,000 AF of 
transfer watff in 1991; the remaining 7,400 AF were privately arranged transfers. 

In normal years, Lost Hills WD does not engage in external transfers. When faced with 
severe KCWA allocation cuts in 1977,1990 and 1991, however, the District was forced to 
look outside the District for alternative sources of water supplies. As shown in Table 4.6, 
nearly 50 percent of total water supply came from external transfers in 1977,35 percent in 
1990 and 100 percent in 1991-22,600 AF from the KCWA Emergency Groundwater 
Pool, 6,000 AF from the State Water Bank and 10,200 AF in private transfers. 

In an average year, Arvin-Edison WSD receives less than one percent (see Table 4.5) of its 
total supply from external transfers. This amount increased somewhat in the last two years 
to a high of 5,500 AF (five percent of total) in 1991. Arvin-Edison does not allow - - 
landowners to transfer surface or groundwater outside of District boundaries, but does 
allow privately arranged external transfers into the District. The District will wheel outside 
water to any contract or non-contract lands if it is metered before reaching the delivery 
canal. 

Dubing water short years, CCID did not purchase water from outside the District, and in 
average yean external transfers represent less than two percent of total water supply (see 
Table 4.5). CCID does not look favorably on landowners selling water outside of the 
District, although the District itself sold 10,000 AF in 1990. It is thought that such 
transfers would have negative effects on farm production and the local economy, especially 
from the loss of permanent, skilled labor. 

A transfer issue of particular importance to CCID is whether a.particular transfer might 
trigger the Reclamation Refom Act of 1982. As noted, CCID is an "exchange contractor" 
and thus is not currently required to pay the federal government for its water and is not 
subject to acreage limitations pursuant to reclamation law. Because CCID's contracts do 
not explicitly permit transfers, there is concern that the Bureau might insist on an 
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amendment before allowing a m s f e r  and thus aigger the Reclamation Ref- Act which 

would subject farm- 'in CCID to acreage limitations. 

El Dorado ID has not had to purchase water outside the District in any year. Before the 

''residentid boom" sf the 1980s, EID marketed excess water regularly. However, recent 

urban demand has consumed all excess supply. 
- .  

Glenn-Colusa ID participates in water transfers through the Sacramento River Water 
Contractors Association (SRWCA). This association handles water transfers among more 

than thirty CVP contractors along the Sacramento River. On April 15 of each year, 
participating contractors may put in a request for water,' or commit water to the SRWCA 

Pool. Those who draw water pay a nominal fee to cover USBR charges. Pool 

contributors have traditionally been prohibited from making a profit on such transfers. 

Under new USBR regulations, however, the Bureau will generally no longer concern itself 
with the "financial terms" of proposed transfers and will avoid imposing any "economic 

disincentives.'" 

In 1989 and 1990,-GCID committed 20,000 AF and 25,000 AF to the SRWCA Pool, 
respectively. The 1990 contribution was unexpected and made only after the projected 25 
percent. cut in CVP entitlement was cancelled after late spring rains restored inflow into the 

Shasta Reservoir to a noncritical level. Many of the District's growers had already made 

their planting decisions based on the expected reduced water supply, thus leading to an 

eventual water surplus. 

Few GCID landowners expressed interest in selling water to the State Water Bank even at 

$125/AF, a far higher price than their retail water rate. Several constraints became apparent 

and, upon considering the option no producers ended up participating. Rice growers' 
obligations to provide an adequate supply to rice drying and milling operations (their own 

and others) diminish their flexibility to engage in short-term water transfers. Furthermore, 

rice growers in the area are very concerned about maintaining their domestic market share 
for long and medium grain varieties; supply fluctuations could impact negatively on market 

share. 

GCID staff claim that unencumbered water marketing would make District-level water 

supply, planning very difficult. In other words, individual water marketing could have 

U.S. Department of the Interior, Bureau of Reclamation, "Voluntary Water Transactions: Criteria and 
Guidance," 1989. 
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negative consequences for the "collective good." The District, which as an irrigation 
'district is governed by a Board elected by the resident voters-not just landowners, is also 
concerned about possible negative impacts of water transfers on the rice-dependent local 
economy. 

In light of the drought and loss of "interim" water with completion of the San Felipe Project 
in 1987, Westlands WD is always "on the lookout" for additional water supplies. In fact, 
the District pays a $0.50/AF "finders'fee" for water found and eventually delivered to the 
District. WWD has not been in a position to sell water outside of the District for over a 
decade. 

As Table 4.5 shows, Westlands WD and individual growers substantially increased their 
reliance on external transfers to meet irrigation demand in 199 1. An estimated 61,000.AF 
were purchased, equal to 12 percent of total supply, as compared with 16,100 AF or less 
than 2 percent of supply in average years. The number of external transfm increased from 
26 in 1989 to 40 in. 2990, and down to an estimated 21 by October 1, 199 1. Transfers 
have originated from the KCWA, Oroville -Wyandotte ID in Butte County, Placer County 
Water Agency and Yuba County Water Agency, among others. Individual growers have 
negotiated transfers from Yolo County as well. Water tiinsferred during the fall is stored 
in the San Luis Reservoir for use during next year's irrigation season. 

Westlands WD participated in the State Water Bank program in 1991 on behalf of interested 
District growers. From April through July, Westlands growers ordered 9,600 AF of State 
Bank water at between $210 and $225 per AF including DWR conveyance charges. In 
general, this high price water was used as incremental supply to meet critical late season 
irrigation requirements. The average price of water remains fairly low. As of July, WWD 
began to order slightly more Bank water than requested to guarantee a secure, timely 

supply 

The "total" figures in Table 4.5 indicate that, aggregately, the contribution of external 
transfers to total water availability for the CVP districts is small-about one percent on 
average, increasing to just under four percent in 1991. However, the comparable figures in 

Table 4.6 show the critical importance of external transfers to the two SWP districts in each 
of the dry years, especially in 1991 when transfers represented almost 75 percent of total 
supply, including private transfers. 

Impacts-The impacts of external water transfers are outlined at the end of the next section. 
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Groundwater Banking and Exchanges 

.Water suppliers can also benefit from groundwater banking and exchanges wheie water in 
wet years is "banked" in underground aquifers for use in future dry periods. The DWR, 
for example, is establishing the Kern Water Bafbk that will purchase, store and sell water to 

K e q  County water suppliers. DWR recently purchased 20,000 acres of land from 

'Pemeco for the operation of spreading ponds and well fields. 

The Kern County Water Agency (KCWA) also operates an underground storage facility 

near Bakersfield for emergency distribution to its SWP subcontra&m. In 1991, KCWA 
provided water to four districts through its Emergency Groundwater Pool program: Lost 

Hills WD, Wheeler Ridge WSD, Bemenda Mesa WD, and Belridge WSD. KCWA 

invested $14 million for the installation of new wells and an improved conveyance system 

to deliver water from the Emergency Groundwater program and better serve its "retailers9' 
in the outlying Kern County districts. In nomal supply years, MCWA encourages its 

member suppliers to secure their water supply in short years by regularly "banking" with 

the Agency. Withdrawals are expected to cost about $26/AF plus conveyance fees. 

In addition to external water transfers and water banking, some districts have negotiated 

water "exchanges" with other agencies as a means to solve long-tern inter-temporal supply 
problems. These exchanges usually involve storing surplus water during wet periods in 
one area or basin, for recovery, transport and use in another area during dry periods. 

Incentives to engage in water exchanges include: 1) inadequate local surface and/or 

underground storage; 2) surplus water supply in wet years and deficit or unreliable supply 

in dry years; and 3) need for increased groundwater recharge rates and accumulation to 

improve conjunctive water use management. Water exchanges can involve substantial 
outlays of capital from one agency to another to finance the costs of building and 
maintaining the necessary "exchange" facilities. This is especially common in exchanges 
between urban and agricultural water supply districts. 

Observed Responses-Arvin-Edison WSD could secure a significant additional source of 
irrigation and recharge water if its proposed exchange agreement with the Metropolitan 

Water District (MWD) is successfully negotiated. The bin-Edison WSD - MWD Water 

Storage and Exchange Agreement would benefit both parties by providing additional 

storage water for AE in wet years and additional distribution water for MWD in dry years. 
In essence, available MWD State Water Project entitlement water would be delivered to AE 
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through the Cross Valley Canal (CVC) for use in irrigation and spreading operations. h 
exchange, MWD would receive Mn-Edison's firm CVC water allocations in dry years. 
AE would make up the deficit with additional District groundwater pumping from its 
recharged aquifer. MWD has agreed to finance the necessary physical facilities for the 
exchange: additional spreading ponds, new wells and booster pumps. 

This exchange agreement is currently in the environmental review process. Since Arvin- 
Edison has already paid off its long-term debt to the USBR, it is free to negotiate the 
exchange, using District conveyance facilities, without USBR approval. The Exchange 
Agreement has a provision that guarantees that Arvin-Edison WSD would be left with a 
minimum of 25,000 AF additional water in its aquifer at the completion of the Agreement. 

Lost Hills WD is currently seeking to negotiate a long-tenn water exchange or banking 
agreement which will enable it to bank water outside the District during normal and wet 
years for delivery within the Disnict during dry years.. The dekls  of these negotiations are 
not known. As noted above, both Lost Hills WD and Wheeler Ridge-Maricopa WSD 
obtained water &om the KCWA Emergency Groundwater Pool Program in 1991, equal to 
58 and 50 percent of their total water supply, &spectively. 

Impacts-The impacts identified below include some that have been qbserved in the short- 
run and others that are potential in the long-run. 
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IMPACTS OF WATER. TRANSFERS . 

High marginal water costs 

e.g. State Water Bank: $1 75/AF + wheeling + losses; 
KC WA Groundwater Emergency Pool Program: 
$155-$200/AF + wheeling; 
other external transfers: $100-$200/AF. 

Hlgh transactions costs 
finding appropriate sellers and buyers, "finders 
feesn, negotiating contracts 
institutional approval requirements, lag time, 
delays (SWRCB, USBR, DWR, KCWA) 
conveyance losses and costs 

' Potential groundwater overdraft 

substitution of groundwater for "transferredn 
surface water 

Potential local economy impacts 
Transfero'r Areas 

loss of permanent, skilled agricultural labor 
decline in agriculture related industries 
reduced local tax revenue base 

Transferee Areas 
increased employment and revenue 
greater production- stability 

r 
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4.3.1.3 New Water Supply Projects and Contracts 

Introduction-Some water suppliers are exploring options for investing in new water 
projects to augment total supply. Districts with appropriative water rights may petition for 
additional diversion or storage rights, and plan distribution systems to'deliver the new . 
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supply. CVP or SWP contractors may ey to renegotiate.contracts for larger entitlements 
and/or more'reliable supply, although this option is increasingly limited by total water 
availability and.pumping and conveyance constraints. Districts with sufficient funds can 
invest in physical system improvements to partially "relax" these constraints. 

The option to build major new water supply projects, either on a district or state level, is 
much more costly and constrained today .than in previous decades. The environmental 
review process for these kinds of projects has become very laborious and expensive, and 
acts as a detement for initiating such projects. Furthermore, agriculture expects to face 
greater competition frbm urban water demand in the future, and is therefore likely to 
encounter major challenges to petitions for additional water rights and/or state eontract 
water. 

Observed Responses--El Dorado ID is unique ,among .the case studies in that the majority 
of its water is delivered to municipal users, primarily to suburban and semi-rural 
residences. District figures show that in the 1ast.five years approximately 5,100 AF per . 
year, 20 percent of annual a~eia~e'diversions, have been used for agriculture. The trend in 
El Dorado County is toward greater urban development, and fewer and smaller farms. 

In March of 1990, El Dorado ID declared a water emergency that halted any new meter 
hook-ups until additional water supplies could be secured. This emergency was declared 
because the District found that growing urban-driven water demand was outpacing supply 
and planned steps to avoid a crisis situation were necessary. ' 

New water supply projects and.contracts being pursued by the District include: 

1) Water rights acquisition for the South Fork of the American River (SOFAR) 
Project to permit the construction of a storage facility for up to 200,000 AF of 
water on Alder Creek. The Small Alder Project would build a 31,000 AF 
capacity reservoir on Alder Creek. However, this Project faces strong 
opposition from environmental groups and downstream water users. 

2) The white Rock Penstock Project would bring water from the Sacramento 
Municipal Utility District's (SMUD) diversion point at White Rock on the 
American River through about four miles of pipeline for storage, treatment 
and distribution at the Bray Reservoir site. The Project would supply an 
estimated 17,000 AF safe yield and cost approximately $20 million. . 
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.Final approval for the White Rock Project is contingent upon obtaining 
consumptive use rights to divert water at ~ h i t e . ~ o c k  during npn-peak months 
for storage and distribution throughout the year. Cumntly both consumptive 
and non-consumptive use rights at m i t e  Rock are held'by the City of 
P%aceville and the Sacramento Municipal Utility District (SMUD), 
respectively. 

The El Dorado County Water Agency (CWA) is handling all water rights 
. negotiations for EID as part of its "lead" responsibility for guarinteeing 
adequate water supplies for the entire County. The CWA has. several 
advantages. with respect to its water rights getitions: watershed of origin, 
county of origin and early priority appropriative eghts. It is aggressively 
pmuing timely approval of its petitions having hired environmental, legal and 

engineering experts to expedite the process. In addition, the CWA has 
formallyprotested water rights petitions by SMUD and the City of Placerville , 

that pose potential hieats to County water supplies. 

3) In connection with the White Rock Project, EID and CWA are pursuing rights 
to appropriate water stored in PG&E reservoirs in the upper basin of the 
South Fork of the American River. If approved, the water would be 
conveyed to the District from the PG&E diversion at El Dorado Intake near 
Kyburz through EID's Hazel Creek Tunnel to Sly Park Reservoir, or from 
White Rock Penstock through four miles of pipeline to Bray Reservoir: In 
the short-run, EID is seeking to purchase additional water from the PG&E 
Forebay, paying compensation for lost power generation. 

4) The Texas Hill Project would store water diverted from Weber Creek, a 
tributary of the South Fork of the American River, at Texas Hill Reservoir. 
The Project would be financed entirely by private developers in exchange for 
rights to generate power and earn power revenues. Progress with Texas Hill 
is stalled until water rights to divert from Weber Creek are secured, and 
certain environmental concerns are satisfied. 

5 )  The Board of Directors of EID has expressed interest in buying the USBR 
owned and operated Sly Park facility, which is also an imponant recreation 
area (Jenkinson Reservoir). This purchase, could potentially increase water 
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supplies for the District if, as owner, it allowed more reservoir pumping in 

dry years than currently allowed under USBR regulations. The purchase of 
Sly Park is still in an early stage of negotiation. 

6) The El Dorado County Water Agescy is currently seeking a legislative 

amendment (H.R. 5019) to the USBR contract with EID to provide an 

additional 15,000 AF of water from Folsom Reservoir. This amendment is 

being sought on the grounds that the' USBR has an obligation to provide 

adequate water to the EID service area based on "county of origin" statues, 

federal authorizations and the terns and conditions stipulated by the SWRCB 
for maintaining USBR water rights permits. 

In sum, E D  plans to meet short-run projected water deficits with public education, 

conservation, physical system improvements and anticipated additional supplies from the 
PG&E ~ & e b a ~  and Folsom Reservoir. In the long-run, EID, together with the CWA, are 

hopeful that water rights will be secured to build one or more new diversion and storage 

projects on the South Fork of the American River. The new projects will likely face 
formidable institutional and environmental obstacles before final government approval is 

obtained. 

Lost Hills WD fded a petition for appropriative water rights to the Kern River in 1988. The 

petition has not been approved because of on-.going disputes and litigation among Kern 

River riparian and appropriative rights holders. The final SWRCB decision remains 
uncertain. 

Westlands WD is not involved in any new water supply projects other than plans to 
construct an intertie facility to pump water from the Delta Mendota Canal to the California 
Aqueduct for conveyance to the San Luis Reservoir. The proposed intertie would facilitate 
pumping of up to 125,000 AF of interim CVP water for use in Priority Area 11, which 

meets only about one-half its irrigation requirements with firm supplies. The facility would 

alleviate inter-temporal capacity and conveyance constraints in the Delta-Mendota Canal, 

allowing greater flows of interim and transferred water during peak irrigation months. The 

project is in the environmental review process and is "on hold" until various environmental 

concerns are resolved. 

The other case study districts are not involved in any major projects to secure additional 
water supplies. 
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Impacts-It is generally expected that the costs of engineering and constructing new water 
projects will be much higher today than in the past, and such projects, whether public or 
private, will not likely be eligible for financial subsidies. Consequently, benefitted water 
users will have to pay considerably higher water rates than under current schedules. The 
environmental impacts of water projects in the planning stage remain uncertain and depend 
upon the rigor of the environmental review process, on the one hand, and the negotiated 
"mitigations" on the other. 

IMPACTS OF DEVELOPING NEW SUPPLIES 

Increase in district expenses and long- 
term debt 

legal and engineering expenses 
e environmental "mitigation" expenses 

long-term financial debt 
deferral of other district investments 

Higher water costs 
O&M charges 
fixed per acre assessments 
special project fees 

Uncertain environmental impacts 

8.g. fish and wildlife habitat, fiver recreation, instream 
water quality, e k  

Potential reduction In water supply for 
competing uses 
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4.3.2 Mechanisms to. Allocate Available Water Supplies 

4.3.2.1 Water Allocations to Growers 

Introductiorr-Water suppliers faced with shortages can also try to mitigate the impacts of 

reduced supplies by reallocating water among current users. The level of discretion that a 

supplier enjoys to reallocate water depends on its legislative authority and local rules and 
regulations. Under state law, irrigation and water districts as an initial matter must allocate 

water among users in proportion to the users' property  assessment^.^ If the district 
charges for the water, however, water in an irrigation district "shall be distributed equitably 

as determined by the board among those offering to make the required payment";1° water 

districts similarly must apportion water "qtably to each holder of title to land making 
application therefore under such rules and regulations as the board from time to time 
establish [sic]."ll 

Water storage districts also enjoy considerable discretion in allocating water. Districts must 

"establish equitable by-laws, rules and regulations for the distribution and use of water 
,within the district."l2 If there is inadequate water in any year to meet the need of all 

inhabitants of the district, 

the deficiency shall be borne ratably by all the land, except insofar as 
priorities in the right to water as between different lands may prevent. The 
board may make rules and regulations to provide for distributing the burden 
of the deficiency and for the most economical and efficient use of the water 
which is or probably will be available.13 

As a general matter, district b~ards would appear to have considerable authority to allocate 

water to meet shortages in the most equitable and efficient way, subject to physical 

constraints. These constraints include the scheduling of water received from outside 

Cal. Water Code 8 2250. 

Cal. Water Code 8 2252. 

Cal. Water Code 8 35421. 

Cal. Water Code 8 43003 

Cal. Water Code 8 43004. 
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suppliers (i.e., maximum monthly entitlements and flow rates) and intra-district delivery 
system conveyance and capacity limitations. 

Observed Responses-Water allocations to growers reflect the degree to which each district 
was subject to CVP/SW entidement cuts, and more importantly, the reduction in total 
water availability in 199%. N of the districts except El Domdo ID were forced to reduce 
water allocations to some degree, ranging from just 15 percent for CCID growers to up to 
87 percent for some Wheeler Ridge-Maricopa WSD growers. Table 4.7 presents 
information on case study district water allocations to growers in a "normal" year as 
compared with 1991. The'last column shows the extent of the 1991 reductions in 

percentage tern. 

, Win-Edison WSD has individual water contracts with all of its growers in the surface 
water service area, ranging from 2.5 to 3.75 AF per acre at full allotment. In 1991, the 
District adopted a "6 Month Water Allocation Program" for the peak demand months 
(March - August) in response to &ought conditions. Per acre surface water allocations to 
contractors were reduced to 1.5 AF per acre "across the board for distribution before 
August 31.14 This reduction represents a range in cuts from 40 to 60 percent depending 
upon the individual contract. Water users with contracts exceeding 3.0 AF per acre will 
receive sudace water credits for next year to compensate for their disproportionate losses 
this year. Arvin-Edison WSD continued to deliver groundwater and any "returned surface 
water to growers after August 3 1. 

CCID rules stipulate that water users are entitled to a proportionate share of the available 
water, equal to approximately 3.25 AF per acre in normal supply years. CCID water users 
do not have individual contracts with' the District. In 1991, per acre allocations were 
reduced "across the board by 15 percent to 2.75 AF per acre (2.25 AF of surface supplies, 
0.50 AF of District groundwater). Requests for additional water are filled on an "if and 
when available" basis at a higher water rate. The District has been able to meet these 
requests satisfactorily in 1990 and 199 1. 

El Dorado ID does not normally "allocate" water to its agricultural water users, but 
provides water through its metered delivery system "on demand." There was sufficient 
water in 199 1 to continue this system without change. 

m' f i n - ~ d i s o n  WSD general manager explained that the District is managed as a cooperative; gains 
and losses are averaged among landowners in a "risk-sharing" framework ' 

4-56 Ag. Econ StudylCEPRlStanford University 



PHASE II DRAFT February 1 4,1992 

Ag. Econ StudylCEPRlStanford University 

Table 4.7: District Water Allocation Per-Acre 
Dlstrlct 

'~rvln-~dlson WSD 
Central Calif. ID 
El Dorado ID . 
Glenn-Colusa ID 
Lost Hills WD 
Westlands WD 

Wheeler Rldge WSD 

Footnotes: (a) Arvin-Edison WSD and Wheeler Ridge-Maricopa WSD allocate 
water on the basis of water service contracts that specify the amount of water 
that will be delivered to a particular tract of land. (b) Producers with contracts 
exceeding 3.0 acre-feetlacre will receive credit for deficient deliveries in 1991. 

Normal Year 

2.5 to 3.75 (a) 
3.25 

On Demand (d) 
On Demand 

2.87 (e) 
2.6 ( 1 )  
1.3 

1.71 to 3.53 (a) 
Values in Acre-Feet Per Year 

1991 

1.50 (b) 
2.75 (c) 

On Demand 
' 3.85 

0.60 
0.60 
0.30 
0.45 

Percent of 
Normal 

40 to 60 
85 

. na 
na 
21 
23 
23 

13 to 26 
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Similarly, Glenn-Colusa ID nonnally does not allocate water to 'its growers, but makes it 
available "on demand." In 1990 and 1991, the District imposed a limit'of 3.85 AF per 
"deeded" acre, based on projected total water availability and an estimated delivery 
efficiency rate of 70 percent. Since most District acreage is planted to rice, which quires  
more than the maximum allocation of 335 AF, the limit essentially forces rice growers to . 
fallow a portion of their land. Growers with adequate soils may also plant more acreage in 
less water intensive crops, given profitable market conditions, as occuned with increased 
acreage in processing tomatoes both in 1977 and after 1988. 

In Lost . Hills . WD, water is normally allocated on a pro-rata basis, averaging 2.87 AF per 
acre. In 1991, the KCWA Emergency Groundwater Pool water, LHWD's only supply, 
was allocated on a fixed basis at 0.60 AF per acre. This represents a duction of nearly 80 
percent over the average allocation. To ensure better information on annual water demand, 
Lost Hills WD is considering adopting the use of water service contracts similar to Arvin- 
Edison WSD and Wheeler Ridge-Maricopa WSD.. Fixed water contracts with growers 
would assist bng-terp water planning, increase the District's financial security and help 
producers to detemhe their annual water needs more precisely. 

In a normal water year, Westlands WD allocates 2.6 AF per acre to its Priority Area I 
growers and 1.3 AF per acre to its Priority Area I1 growers. The 1986 "Barcellos 
~udgment"'~ stipulates the terms under which water must be allocated between the two 
Priority Areas. Growers in Priority Area III (land annexed to the District after 1965) rely 
exclusively oh "interim" CVP water (unavailable for purchase since 1989) and on private 
well water and transfers. The District responded to the severe cut in CVP deliveies in 
1991 (75%) by reducing per acre allocations to 0.6 AF for Priority Area I and 0.3 AF for 
Priority Area II. This represents a pro-rata reduction of 77 percent over normal year 
allocations for both areas. 

Westlands growers in both priority areas have been able to obtain additional water through 
on-farm groundwater pumping, intra-district groundwater transfers, purchases from the 
State Water Bank and oth& external sources and access to USBR "hardship" water for 
permanent plantings. The USBR hardship water has been particularly beneficial to 
growers of permanent crops in Priority Area 11, who were offered up to 1.2 AF per acre to 

The 1986 Barcellos Judgment ended an eight-year legal dispute between WWD, its landowners and 
water users and the U.S. Department of Interior.' 
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maintain their trees and vines, bringing their 1991 total allocation to a higher Level (1.5 
AFIacre). than their normal allocation (1.3  l lac re). . 

WRM has separate water service contracts with all growers in the surface water service 
area, covering 80,188 acres of cropland. Contracts range from 1.71 AF to 3.53 AF per 
acre, and average about 2.80 AF per acre. District water service contracts and rules and 
regulations state that in years when less than 2 AF per acre of water is available to the 
surface water service area, water shall be apportioned on a pro-rata basis to each acre of 
land with a f m  water contract. In 1991, the sharp reduction in District water supplies 
translated into a per acre allocation of just 0.45 AF per m e ,  .representing a cut over noxmal 
levels of between 74 percent and 87 percent, depending on the individual contract. 

Imp acts-Districts may face "equity" objections from growers who receive 
disproportionately high reductions in entitlements or from those who are already highly 
efficient and receive the same duction as those less efficient. Districts may try to stave off 
these types of objections by offering future compensation (water credits), as in the case of 
Ahvin-Edison WSD. Another likely impact of reduced surface water allocations is to 
induce greater groundwater extractions, both at the district and farm-levels. 
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IMPACTS OF SURFACE WATER ALLOCATION 
'RULES . 

Potential intra-district allocation equity 
issuesldisputes 

e.gQ from variable contract allocations to fixed per acre allscations- 
"equal pain" (AE, WRM) 

Induce conjunctive water use by districts and 
growers 

increased district groundwater pumping 
increased on-farm groundwater pumping 
increased intra-district groundwater transfers 

Induce %and fallowing, plant stress, crop shifts 

8.g. fallowing and crop shifts by growers in GCID, LHWD, WRM 

4.3.2.2 Timing of Deliveries 

Introduction-Water supply districts are concerned about regulating water deliveries to 
meet the seasonal demands of their water users. In water short years, the timing of 

deliveries can be especially critical to ensure that peak irrigation demand is met to the fullest 

extent possible. Several factors determine a district's ability to alter the timing of their 

deliveries. The physical delivery system of each district determines maximum water flow 

over a given h e  period, which, in turn. determines each districtls flexibility for increasing 
water delivery efficiency through improved scheduling. Districts are further constrained by 

timing and flow restrictions on water diversions, in the case of appropriative rights holders, 
and on contract deliveries, in the case of federal and state water contractors. 

Observed Responses-Arvin-Edison WSD, as mentioned earlier, instituted a "Six Month 

Allocation Program" in response to the 1991 critical dry year. In order to maximize water 

supplies to growers during the peak demand months, March-August, the entire supply of 

imported water was allocated during these months and District wells were pumped at 
maximum capacity. In addition, intra-district transfers of allocation water and "bankingw of 
private well water in the District canal were facilitated. Under the Program, the. District 
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encouraged growers to use fully or "return" all surface water during the peak demand 
months by offering to buy 'Ireturned allocation water at $100/AF before August 31, and 

lowering the buy-back price on September 1 at which time all unused allocations were 
purchased by the District at $50/AF. During the non-peak months, September-February, 
Arvin-Edison WSD continued to meet irrigation needs with District groundwater. 

The USBR exchange contract with the "four entities9', one of which is CCID, divides water 

deliveries into two allocatibn periods: April-October (seven months), during which time 

deliveries cannot exceed 719,000 AF, and November-March (five months), during which 

time deliveries cannot exceed 121,000 AF. Water cannot be carried over between the two 
periods. The federal exchange conmct also specifies maximum monthly entitlements and 
flow rates. Water must be ordered 48 hours in advance of service. 

CCID believes that some operational efficiencies could be realized if their contract were 

amended. For instance, the District would like to be able to cawy over monthly allocations 

so it is not put in a position to "use or lose" water each month. This type of flexibility has 

the potential for improving delivery efficiency and reducing overall water use. As noted 

earlier in connection with water transfers, however, any amendment of CCID's contract 

with the Bureau of Reclamation raises the possibility that CCID would become subject to 
federal reclamation law pursuant to the Reclamation Reform Act of 1982. This would 
subject CCID farmers to federal acreage limitations. 

Like CCID, Glenn-Colusa ID is subject to monthly delivery schedules for both its base 

supply diversions and CVP contract water. There is some flexibility in monthly base 

supply deliveries, however total supply from April through October cannot exceed the 

maximum diversions allowed aggregately for that period. CVP project water is delivered 
as follows: 75,000 AF between July and August and the remaining 30,000 AF at any time 

of the year. These time-of-delivery restrictions are necessary to ensure adequate flow in the 
Sacramento River ~ L I I % I ~  the summer months, and are adjusted to reflect District entitlement 
cuts during dry years. 

In Lost Hills WD,. where water supplies were severely cut in 1991, growers began 
requesting water deliveries during the night as a conservation measure. These requests 
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required the District to change its delivery schedule with the DWR for water &om the 
California Aqueduct16 

In Westlands WD, growers can order water any time that they need it with 24 hours notice. 
This policy did not change in critical years when adlocations were sharply reduced. 
Fmm in the area tend to postpone their surface water orders until late in the summer 
when crop demand for timely, frequent irrigation is greatest. High cost m s f e r  water is 
also usually reserved for the critical last few irrigations in the late summer season. 
Groundwater is used more heavily during the cooler months. 

Wheeler Ridge WSD rules and regulations also require a 24 hour notice for on-farm water 
deliveries to ensure adequate coordination with SWP deliveries to the Kern County Water 
Agency. Water users may request irrigation runs shorter than 24 hours. During plant 
germination, for instance, six hour runs during plant germination are permitted. This 
flexibility helps farmers to meet plant water requirements more precisely, increasing overall 
Mgation efficiency. There have k e n  no policy changes in the timing of deliveries during 
water short years. . 

4.3.2.3 Water Rates 

Introduction-All three types of water suppliers involved in our case studies-irrigation, 
water and water storage districts-are empowered by the California Water Code to assess 
property within their borders.17 All districts can also impose water charges in lieu, in 
whole or in part of property  assessment^.^^ Dismct boards would appear to enjoy 
considerable discretion in setting these charges.lg As a general matter, suppliers can charge 
for water by acre, connection or metered use; they can also vary charges by time and locale 
to reflect differences in the cost or value of water. In July 1991, moreover, the California 

The DWR agreed to supply LHWD with SWP water from- the Aqueduct, located adjacent to the 
District, in exchange for KCWA Emergency Groundwater stored farther soulh. 

Cal. Water Code $8 22078 (irrigation districts), 35401 (water districts), 43000 (water storage districts). 

1 8 Cal. Water Code $8 22280 and 25655 (higation districts), 35470 (water disuicts), and 43006 (watcr 
storage districts). 

The general statutory provisions are found in Cal. Water Code $4 22283 (irrigation districts), 35370 
aild 35474 (water districts). and 43006 (water districts). 
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legislature expressly authorized agricultural water suppliers to establish pricing structures 
"to encourage conservation."20 &y water charges, however, must reflect both (1) the need 
0f.a supplier to meet its cost; and (2) the non-profit status of governmental districts. 

The water rates. that suppliers charge their water users usually consist of several 
components, including fixed repayment charges, charges to cover variable administration, 
operation and maintenance costs, and special project and standby charges. Although 
agricultural charges have traditionally been assessed on a flat rate basis, several districts 
have recently switched to inclining tiers whereby per unit water rates increase with 
increased per acre water use. Such changes in pricing structures can be used as a means to 
encourage on-farm conservation amd reduced water demand, either as a temporary measure 
or as part of a long-run strategy to improve water use efficiency. 

A summary of district expenses and revenues for the case studies is presented in Table 4.8. 
With respect to district revenues, water sales represent the principal source of revenue 
among the five CVP contractors (AEWSD, CCID, E D ,  GCID, WW), whereas fixed 
producer charges represent the principal revenue sourde for the two KCWA subcontractori 
(LHWD, WRM). Other sources of revenue include interest income, penalties, 
development fees and other types of revenue not related to water service. In terms of 
financial size, total annual revenues among the case studies range from less than $5 million 
(GCID) to nearly $28 million (WWD). 

The principal expense categories include general and administrative, sources of supply 
(water payments), pumping plant, transmission and distribution and "other." The relative 
importance of each category varies widely among the case studies. For instance, sources 
of supply account for more than 60 percent of total expenses for the KCWA sub- 
contractors that rely on SWP water (LHWD, WRM), but account for less than 15 percent 
of expenses for El Borado ID, Glenn-Colusa ID and Central California ID. Transmission 
md distribution expenses also vary widely, fiom only four percent of total (WRM) to over 
50 percent of total (CCID), depending on the physical size and configuration of the delivery 
system. 

Clearly, if water sales represent an important source of revenue for the case study.districts 

and most agricultural water suppliers, significant reductions in wholesale supplies for retail . 

delivery can seriously affect district revenues. Districts that rely on groundwater pumping 

2o Cal. Water. Code 5 10522@)(4). 
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% of total expenses 

Sources of Supply 
% of total expenses 

Pumplng and Power 
% of total expenses 

Trans. and DlSts (b) 
% of total expenses 

Oaher Expenses (c) 
% of total expenses 

Total Expenses 

REVENUES 
Water Sales Revenue 
% of total revenue 

flxed Prod. Chgs (d) 
% of total revenue 

Other Revenue (e) 
% of total revenue 

Total Revenue 

(a) District fiscal years vary. The information In this table was taken from the following 
financial statements: Arvin-Edison WSD, 'Financial Statement' (311190 - 2/28/91); Central 
Calif. ID, 'Financial Statement' (111190 - 12/31/90); El Dorado ID, 'Audit Report' 
(111189 - 12/31/89); Glenn-Colusa ID, 'Financial Statement' (10/1/89 - 9130189); Lost 
Hills WD, 'Financial Statement" (111/90 - 12131190); Westlands WD, "Financial Statement' 
(311190 - 2/28/91); Wheeler Ridge-Maricopa WSD, 'Financial Statement' (1/1190 - 
12/31/90). (b) Transmission and distribution includes repairs to district conveyance 
facilities, heavy equipment and other costs including salaries on an apportioned basis. 
(c) EID also provides sewer service and drinking water in its service area As a consequence, 
costs apportioned to 'other expenses" are quite large and include: water treatment costs, 
sewer collection and sewage treatment. (d) Fixed producer charges include assessments, 
standby charges, service charges and property taxes. (0) The category of 'other revenu$ 
includes interest iticome, penalities, development fees and other forms of revenue not related 
to water service. 

8 68 
7 

2,689 
23 

2,317 
20 

11,608 

9,538 
89 

685 
6 

520 
5 

10,743 

0 
0 

2,267 
53 

753 
18 

4,257 

3,971 
70 

0 
0 

1,686 
30 

5,657 

569 
5 

1,025 
10 

. 6,187 
59 

10,410 

5,178 
42 

3,076 
25 

4,210 
34 

12,464 
Figures in 

687 
14 

1,740 
35 

483 
10 

4,997 

2,697 
57 

1,303 
27 

743 
16 

4,743 
Thousands 

636 
6 

1,004 
10 

1,307 
13 

10,024 

3,770 
38 

5,110 
52 

1,014 
10 

9,894 
of Dollars 

189 
1 

3,839 
14 

4,577 
17 

27,172 

22,126 
79 

5,073 
18 

699 
3 

27.898 

3,391 
. 16 

844 
4 

1,410 
7 

24,193 

5,985 
27 

16,076 
72 

418 
2 

22,479 
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and/or external water purchases to supplement contract entitlements, moreover, will face 
higher than average energy and/or water expenses. Districts may'choose to raise water 
rates or fixed producer charges to compensate for lost sales volume and increased 
expenses, or alternatively, use district reserves and adopt cost-cutting measures to make up 
the deficit. Costs can sometimes also be defcmd to future y m .  Changes in case study 
district revenues and expenses over the last few years, particularly in 1991, and potential 
consequences fds the long-run operational and financial well-being of the dispicts will be 
documented and analyzed during Phase III of the study. 

Observed Responses-Table 4.9 shows the average retail water rates for contract water 
charged by the case study districts in 1985 through 1991. The rates reflect average charges 
per AF of water (except for GCID which charges on a per acre basis) and are calculated 
based on different cost fonnulas for each district. In 1985, a "normal" water supply year, 
the range in rates varied fiom $7.00 per AF in CCID to 'almost $100 per AF in Wheeler 
Ridge-Maricopa WSD. These rates increased in five districts over the next six years, most 
significantly in Westlands WD, changed little in El Dorado ID and decreased in Lost Hills 
WD. Water rateseremained relatively low in CCID and GCID, even after 1990. 

Arvin-Edison WSD has not increased its water rates significantly as a resultof the drought. - - 
The Board of Directors made the decision to "dip into" District reserves and control costs to . 

compensate for lost sales revenues and increased pumping costs rather than raise rates to 
growers. The variable Water Use Charge, equal to $10.00 per pumping lift, has not been 
raised since 1987. The Water Availability Charge, covering non-power District delivery 
costs, was increased gradually from $16/AF in 1978 to the current rate of $29/AF. Total 
average water charges for 1990 and 1991 were $64/AF and $69/AF, respectively, plus 
$6.65 per acre for General Administrative and General Project Service Charges levied on 
benefitted lands. The $5/AF increase fiom 1990 to 1991 was to cover an increase in the 
USBR O&M rate charged the District.2l 

CCID has historically charged water users a flat rate per acre-foot of water, ranging from 
$4.00 to $7.00 between 1978 and 1988. In 1989, the District implemented a tiered water 
rate system. In 1991, water users paid $5.50/AF up to 2.25 AF per acre, $1 6.00/AF for 
the next 0.5 AF and $40.00/AF for quantities greater than 2.75AF per acre on an "if and 
when available" basis. Water rates were increased to raise additional District revenues to 

Arvin-Edison WSD and other affected parties (Friant Water Users Association, CVPWA) have filcd a 
joint suit challenging the basis for these increased charges. 
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G I ~ R R - C O ~ U ~ ~ ~  ID 
Lest Hllls WD 
Westlands WD 

Footnotes: (a) Water rates are per acre-foot except in Glenn-Colusa ID where water is sold by the acre. 
Water rates in all districts are based on annual budgets and may be subject to minor adjustments. 
In Awin-Edison WSD, rates assume three pumping lifts. In Central California ID, tiered water rates 
On 1990 and 1991 are averaged using figures for expected water use displayed On the District's 1991 
Budget. in El Dorado ID, rates are for 'commercial metered irrigation' with no pumping. In Glenn- 
Colusa ID, rates are based on the per-acre charge for water delivered to rice fields. For Lost 
Hills WD, rates are for Sewice Area #I. In Westlmds WD, rates assume 900,000 AF delivered to 
Area 1 and 250,088 AF to Area 2 except for 1990 and 1991. In Wheeler Ridge-Maricspa WSD, rates 
include water use and. water availability charges as presented in the 1985-1990 District budgets. 
(b) No State Water Project Water was delivered to Lost Hills WD and Wheeler Ridge-Maricopa WSD . 

in 1991. 
Sources: Awin-Edison WSD: 'History of Average Water Service Charges' (1990) and personal 
communications with District staff. Central California ID: '1978 Through '1990 Water Rates' 
(1990) and 'Budget -- 1991.' El Dorado ID: 'Schedule of Rates and Charges for Sewice' (10122186) 
and 'Rate Schedule 5.6 percent Increase' (2125191). Glenn-Colusa ID: 'Official Statement of GClD for 
Offering Certificates of Participation' (8110188) and Water Rates and Due Dates Adopted by the Board 
of Directors' (1989-1991). Lost Hills WD: 'Summary - Assessments and Water Delivery Chargesw 
(1 987-1 991). Westlands WD: 'Average Water Rates 1985-1 99112" (1 991 ). Wheeler Ridge-Maricopa 

'Average Costs Per Acre-Foot By Various Cost Componentsa (1982-4994). WSD: 
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cover the increased costs of providing water and "to encourage water  conservation."^ 
Water users paying the second and third tier rates are contacted by CCID staff for . 

suggestions on ways to reduce water use and their water bills. 

Currently, there are over 90 different water rates in operation in El Dorado ID, many of 
which were assigned on an ad hoc, inequitable basis according to Dismct staff. M&I 

(municipal/industrial) customers, who account for 90 percent of the accounts and 
approximately 80 percent of water consumption, are generally charged on'a declining block 
rate basis. Thesc accounts include water used for "domestic higation" on properties kde r  
five acres. This declining block structure provides no incentive for conservation. 
A@cultural accounts are charged on a flat rate basis md currently stand at $21/AF. There 
was no increase in charges resulting from drought mditions. 

El Dorado ID is in the process of revising its water rate structure as part of an. overall. new 
management strategy. Public hearings on the new rate schedules were planned for 
December 9, 1991. The new system will be considerably more streamlined and.probably 
.apply a flat rate system to domestic use as well as agricultural use. - 

Glenn-Colusa ID charges its growers on a per acre basis rather than per AF because of lack 
of water metering. Different crop categories are assessed at different rates, generally 
corresponding to water use intensity. Billing is computed using. aerial photographs of 
cropped acreage. For instance, in 1991, growers paid $35 per acre of rice, $25.50 per acre 
of sugar beets and tomatoes and $21 per acre of pasture and orchards. In addition, water 
users pay standby and land assessment fees. Water rates were increased by 20 percent h 
1990 and an additional 17 percent in 1991 in response to shortfalls in District revenues 
resulting from reduced water deliveries. 

Water charges for Lost Hills WD growers declined somewhat in 1988 and 1989, increased 
slightly in 1990 and rose dramatically in 1991 when SWP deliveries were cut 100 percent, 
motivating the purchase of higher-con water from outside the District. KCWA Emergency 

Groundwater and State Bank water were purchased at $140/AF and $175/AF (+ 

conveyance charges), respectively. Lost Hills delivery charges varied from $15 to $44 per 
AF in 1991. In addition, per acre ad valorem and standby charges ranged from $88 to 

22 In July 1991, the California legislature passed the Agricultural Water Conservation and Management 
Act (AB 1160). Part of hat Act expressly authorizes agricultural water suppliers to establish "a 
pricing structure for water delivered to encourage conservation". 
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$1 18. These high water rates, averaging about $200/AF, compare with n o d  yeax water 
rates ranging from $50 to $70 per AF. These rates include assorted fxed and variable. 
charges. Lost Hills WD currently assesses water charges on a flat rate basis. It is 
considering, however, adopting an inclining block rate pricing structure to encourage 

water conservation. 

During water short years, KCWA subcontractors must pay their portion of SWP futed 
costs whether or not they receive their normal water allotment. This imposes a substantial 
financial constraint on SWP contractors, especially as the futed portion of water costs has 
increased substantially in recent yeais. In order to lesson the burden of this charge 
(approximately $100 per acre) on District growers, Lost Hills WD deferred its 1991. SWP 
fixed payment obligations, to be paid back over the next five years. 

Westlands WD increased its water rates about 160 percent between 1985 and .1990. In 
1991, the District Board of Directors elected to "balance the budget" with a Series of cost- 
cutting measures and depletion of District capital reserves, rather than raising rates again. 
These measures included: foregoing capital investments, laying-off temporary staff and 
deferral of certain maintenance projects as well as COLA and merit raises. 

WWD operations and maintenice (O&M) charges are set by the Board each year to cover 
short-term operating and non-operating costs. There are ten different flat water rates in the 
District based on Priority Area, number of acres farmed and compliance with the 
Reclamation Reform Act. Landowners that farm more than 960 acres pay the "full cost" 
water rate, about $64/AF, for water applied on acreage over the 960 acre limit. District 
O&M charges were maintained nearly constant in 1990.and 1991. Certain fixed special 
project and drainage fees were temporarily deferred in 1991, lowering the total charge as 
compared with 1989 and 1990. The 1991 water rate, a weighted average of all charges, 
was $30.69 per AF. 

The average cost of surface water for Wheeler Ridge-Maricopa WSD surface water 
contractors increased gradually during the 1980s from $73.37/AF in 1982 to $106.49/AF 
in 1990, including SWP- fixed payment obligations. Water costs increased sharply in 
1991, when growers were forced to purchase high-cost water ffgm the KCWA ~mergenc~ 
Groundwater Pool at between $155/AF and $200/AF, plus an additional intra-district 
conveyance charge of up to $141/AF. This puts the total average water cost at well over 
$200/AF, not including SWP fixed payment obligations. Producers in WRM, like those in 
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Lost Hills WD, deferred their SWP fixed payment obligations in 1991, which averaged 
$1 83.3 1 per acre of land under contract. 

Impacts-Water suppliers may increase water rates or adopt tiered pricing to compensate 
for reduced water sales in dry years,.or to raise additional funds for conservation programs 
and other district improvements. Alternatively, suppliers may choose to absorb revenue 
losses by depleting reserves and cutting the operating budget. If water rates are increased 
there are several potenti~impacts on growers. Per acre crop production expenditures on 
water and energy may increase, as well as fixed p a  acre costs, depending upon total water 
consumption. There may be a decline in net farrn'returns depending on prevailing output 
prices. Higher water costs may also provide an economic incentive, where feasible, to: 1) 
reduce water application rates; 2) adopt more efficient irrigation systems; 3) shift to less 
water intensive crops; and 4) "stress" plants or fallow land. 
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IMPACTS OF DISTRICT WATER 
RATE POLICIES 

Change in district revenues: 
increaseldecrease in funding for district and on-farm 
conservation 

(CCIWiered structure)) 

increaseldecrease in district reserves 
increaseldecrease in operating budget . 

Increase in per acre crop production cost6 
(water, energy, fixed payments) 

Potential decline in farm net revenues 

Potential economic incentive to reduce water 
demand 

reduce water application rates 
' 

change irrigation technology 
shift crops 
stress plants andlor fallow land 

4.3.2.4 Intra-District Surface Water Transfers 

Introduction-Intra-district surface water transfers are another mechanism for helping to 

bring reduced water supplies in line with individual grower water needs. Typically, 
growers with access to well water are encouraged to sell part of their surface water 
allocation to growers without well water or with inadequate total supplies. In general, 
intra-district transfers are negotiated without district intervention under "free market" 

conditions, subject to some restrictions. Districts may facilitate such transfers by: 1) 
bringing buyers and sellers together, 2) managing the financial transactions; and 3) through 

transporting transferred water in' district conveyance facilities'at minimum charge. 

Observed Responses-Arvin-Edison WSD did not allow "free market" transfers of surface 

entitlement water between March and August 31, 1991. However, through its Finn Water 
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Exchange Pool, it encouraged "contributions" of and "requests" for entitlement water 

during this six month period. To motivate growers to connibute surplus water during peak 
demand months, the District paid $100/AF between.March and August, decreasing to 

$50.00/AF on September 1. As of June 1991, returned water exceeded requests for water 

by about 2,000 AF. 

Glenn-Colusa ID allows "free market" intra-district water transfers. Although transfers 
must be on record with the District, GCID is not involved in setting prices. It is estimated 

that the current going rate for t i a n s f d  water ($40-$50/acre) is nearly twice District water 

rates. . . 

Landowners in Lost Hills WD are free to transfer water within the District at any price. 

The District bills the landowner from whom the transfer originates for the cost of the water 

and conveyance fees. Inaa-dismct transfers were quite common during the District's 

"build-up" period in the 1980s. In 1991, due to the extreme shortage of water, such 
transfers were limited. 

Westlands WD's informal intra-district "water market1' has played a very important role in 

helping District growers to cope with sharp reductions in surface water deliveries, 

especially in 1991. During the 1990-91 water year, about 4,500 water transfers were 
negotiated, primarily surface water transfers among Priority I growers. Transfers within 
each priority area are permitted at all times. Surface water transfers between priority areas, 
however, are only p d t t e d  after Priority Area I growers have received their full allocation, 
(2.6 AF per acre). Westlands WD d&s not monitor water transfer.prices, but District staff 
estimate that such prices exceed District water rates significantly. WWD facilitates intra- 

district transfers by posting notices of water requests and contributions, and by 

transporting such transfers through the District's delivery system for a wheeling fee. 

Wheeler Ridge-Maricopa WSD has not historically allowed free market mnsfers of State 

Project entitlement water. During 1991, when entitlement water was suspended, intra- 
district transfers were permitted of groundwater pumped from.landowners' wells. These 

, transfers were delivered through the District's conveyance system. 
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4.3.3 Mechanlsms to Improve the Efficiency of Water Delivery 
and Use 

4.3.3.1 information, Technical Services and Conservation 
Measures 

Pntroductio+As more knowledge d information on crop water requirements and 
technologies for improving irrigation efficiency become available, some water suppliers anz 

, upgrading their i n f o d o n  and technical service programs directed toward water users. 
Information on site-specific meteorological and soil conditions, crop evaptranspiration 
(ET) rates, low volume irrigation technologies and irrigation system losses can help 
growers optimize their irrigation practices, especially in water short years. Some water 
suppliers encourage long-- water co&emation at the farm-level by offering economic 
incentives to adopt conservation pactices, such as tiered water pricing and low interest 
loans for irrigation effidency improvements. Improved mgation efficiency will tend to 
reduce per acre water demand-an important outcome for managing water shortages at the 
district-level. 

Observed Responses-Arvin-Edison WSD provides information to growers on 
groundwater levels and quality on a monthly basis as part of its conjunctive water use 
management program. Information is also available on pumping requirements to irrigate 
one acre of land, varying by crop. .The District does not provide crop ET data nor does it 
make s-c water use recommkndations to its growers. : 

CePB supports a publication, entitled the New w, which provides information to 

growers on fiew methods to improve water management. The District also supports a local 
Soil Consemation Service (SCS) mobile lab that evaluates water users' irrigation systems 
and makes recommendations for efficiency improvements. However, CCID does not make 
water use recommendations to growers, nor does it provide information on ET rates or 
weather conditions. 

In 1989, CClD instituted a Conservation Loan Program (CLP) to help District growers 
fmance on-farm conservation projects. The Pro- offers five year loans up to $50,000 
or $500 per acre, at three percent simple annual interest. Loans may be used for such 

projects as: concrete lining of ditches, surface or subsurface irrigation water recovery 
systems, sprinkler or drip irrigation systems, .land leveling and community ditch 
upgrading. Lining of community canals (two foot bottoms, one foot slope) costs 
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approximately $8 per fo~t.  CCID estimates that CLP loans made in 1990 will conserve 
3,000 A .  of water per year. The Program also has the potential for reducing the District's 
drainage problems. . 

The U P  is currently oversubscribed. Funds for the Program are made available through 

revenues generated fiom the District's tiered water pricing structure.23 If and when excess 

finds become available, CCID plans to invest in District-wide consewation projects. 

El Doiado ID began an Irrigation Management Service (IMS) Program in 1976 that has 

become one of the most sophisticated irrigation technical assistance programs in California. 
The IMS Program is financed by EID and run by an higation consultant to the Distric~ It 

is intended to optimize irrigation practices at the field levd md to maximize agricultural 

yield and quality with a minimum of water waste. Participating growers have neutron 

probe access tubes and tensiometers placed in their fields .to monitor soil moistme depletion 

at different depths. From the readings of these insmments and precise data on daily 
weather conditions (CIMIS) and field data on elevation, dope, crop type, growth stage and 

cultivation practices, weekly crop water requirements are generated &om a computer 
model. These computerized irrigation reports, containing irrigation timing and duration 
recommendations for each field, are sem weekly to all IMS growers. 

When faxmers decide to participate in the IMS program, their irrigation systems are 

inspected and farmers are helped to detect and repair leaks ind other system inefficiencies. 
IMS consultants also provide one-on-one field level assistance for changing to water- 

conserving irrigation technologies, primarily permanent sprinkler and drip systems. EID 
believes that the IMS program has increased irrigation efficiency from about 50 percent, on 

average, to nearly 70 percent. In aggregate, demonstrated .agricultural water savings 
resulting from the IMS program amount to approximately 2,000 AF per year .(0.67 

Mlam). Over half of EID's eligible agricultural accounts participate in the IMS Program. 

Grower interest in the Program appears to be twofold: 1) on an individual level-to 
improve irrigation efficiency and cut water costs; and 2) on a sectorial'level-to improve 

23 A frequently mentioned "obstaclen to tiered pricing shuctures designed to encourage conservation is the 
non-profit status of public water agencies. Districts have sufficient discretion both in setting rates and 
use of revenues, however, that their non-profit status should pose no legal problem. To the extent that 
revenues exceed ordina~~ operating and capital expenses, the "excess" could be used to fund conservation 
projects in the district or to accumulate a "drought reserve" (Cal. Water Code S 10522). 

Ag. Econ StudylCEPRlStanford University 4-73 



Febtuary 14,1992 PHASE ll DRAFT 

agriculture's public image in El Dorado County as a defense in potential confrontations 
' 4  

between the County's faxmers and urban development interests. 

There is considerable tension between factions favoring protection of the "agricultural 
flavor" of El Dorado County and those that do not want to put b h e r s  in the way of 
growth md development. This tension is felt on the EIB Board of Directors md the 
County Board of Supervisors. For the.oime being, a g r i e u l t ~ s t s  have felt that their 
intmsts are fairly well represented by ED. However, they are nervous about what the 
fume holds for them, particularly in light of the financial power behind the pro- 
development faction. Agriculture does have on its side, im addition to open space and 
quality of life issues, its importance as a leading industry in El Dorado County. There is 
strong public interest in retaining the prime agricultural soils for agricultural purposes. 

El Dorado ID provides information to its water users through its Public Awareness and 
Education Programs. Residential and agricultural warn conservation information is offered 
in regular billing inserts (since 1973), and reservok levels and E D  conservation measures 
are described in bi-annual "Water News" pamphlets. The ~istrict also distributes materials 
on water efficient landscape design. 

Glenn-Colusa ID supports a publikation, Warerlinc, that reports pexiodically on District 
news and includes water ~onservatio~inf~ation.  In 1991, the District Board approved a 
new "Water Conservation Incentive Plan" in response to water shortage conditions. This 
plan is aimed at improving irrigation efficiency at the field level. The Conservation Plan 
offers an eight percent refund on water charges to users who adopt "best management 
practices" that improve water application efficiency. To be eligible for the refund, growers 
must certify that they have adopted two out of nine possible conservation measures: 
reduction of spills, installation of a recirculation system, ise of drip or sprinkler irrigation 
systems; use of an irrigation scheduling program, capture and reuse of drain water, 
application of techniques approved by USDA9s Soil Conservation Service or Agricultural 
Stabilization and Conservation Service, maintenance of privatelaterals, use of laser leveling 
or application of any other GCID approved water conservation techniques. Growers cited 
for wasting water, after two warnings, lose refund eligibility. Since the Plan began early in 

1991,30 to 40 percent of the District landowners have signed up to participate. Estimates 
of water'savings from the Conservation Plan are not yet available. 

In recent years, Lost Hills WD has shown considerable interest in identifying areas to 
improve growers' irrigation efficiency. It hired an irrigation specialist to review daily 
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irrigation meter readings at each tunlout to determine water applications per field. These 
application levels are compared with estimated crop requirements to ascqtain irrigation 
efficency rates. Furthermore. Lost Hills funds and utilizes the DWR spo~l~obcd mobile lab 
pmgram which evaluates the distribution uniformity and annual irrigation 'pehformance of 
each of the major irrigation systems employed in the District. Both the irrigation specialist 
and the mobile lab program provide information that can help individual growers to 
optimize their irrigation systems. 

Lost Hills WD personnel are trained to use AgWater. a computer program that is designed 
to provide information on specific crop water needs thoughout the growing season based 
on site-specific weather, soil type and soil moisture conditions. 'This infomation is 
distributed to interested producers to optimize their higation scheduling. Further technical 
information is available through District reports on various water management techniques, 
such as furrow shortening and soil compacting. 

Despite these programs, the high price of water remains Phe main incentive for on-farm 
water conservation in Lost Hills. Consequently, there is considerable technical innovation 
among District producers to improve imgation efficiency. In 1990, LHWD applied for, 
and won, an award on behalf of District growers for their innovative water management 
improvements. This award was granted by the Association of California Water Agencies' 
Water Management Awareness Program. 

Westlands WD initiated a Water Conservation Program in 1972 in response to the District's 
on-going wat& shomges in Priority Areas 11 and III. This Program evolved over almost 
20 years to include a variety of information, monitoring and technical assistance services to 

growers. Since 1978, the District has provided weekly buletins to growers with crop 
water requirement information, including estimates of water needs for the following ten 
days. It also publishes a bi-monthly newsletter highlighting o n - f m  conservation efforts 
by District growers. The District's Water Conservation Handbook, created in 1981, 

provides information on water budgeting for individual fields and salinity management. 
Two full-time water management specialists employed by the District are available to 
provide on-farm technical assistance. Westlands has continued to provide these 
information and technical services during the current drought. 

Wheeler Ridge-Maricopa WSD does not sponsor specific public information or water 
conservation programs. However, the District did recently commission a study to 
determine how to improve irrigation efficiency. At present, inigation efficiency in the 
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District is estimated to be approximately 80 percent, on avwge. As with Lost Hills WD, 
the high cost of water is the main incentive for water conservation in According to 

District personnel, "Price is our conservation program." 

Impacts-District efforts to provide infdrmation, technical support services and 
conservation incentives to water users often have beneficial impacts in terms of improved 
higation efficiency, reduced water application rates and lower demand for district water. 
These benefits will generally exceed the associated costs if the services provided are 
distributed widely and in a timely and useful manner. 

IMPACTS OF IMPROVED INFORMATION 
SERVICES AND CONSERVATlON MEASURES 

Increase in district operating expenditures 

improved irrigation efficiency rates 

Lower on-farm water application rates 

e.g. annual water savings = 2,000 A F or 0.67 AF/acre 
(EiD's IMS), = 3,000 AF (CCID's CLP) 

4.3.3.2 Physical System Characteristics and Improvements 

IntroductiorGIn the short-run, water suppliers typically adjust to reduced water supplies 
with increased monitoring and maintenance of the delivery system as a means to check and 
reduce system losses. Long-run adjustments to changes in water supply conditions may 
require investment in physical system improvements and technologies that conserve 
existing supplies. Such investments, as the district level, can include: replacement of leaky 
pipelines, lining of leaky canals and installation or improvement of tailwater and drain 
water recapture systems. The benefits of these measures, in terms of water savings, have 
to be evaluated against the investment costs. To the degree that water seepage is 
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recoverable from the groundwater basin, eliminating or reducing leaks is less beneficial. 
Seepage losses also supply water for riparian vegetition and wetlands habitat in certain 
areas. Furthermore, tailwater and drain water recapture systems limit users' diversions 

I 

from drains. 

Other sons of physical system improvements are aimed at increasing the accountability of 
water use, such as replacement or repair of inaccurate water meters and installation of flow 
measurement devices. Water accountability has become an increasingly important "public 
image" issue since the onset of the current drought. 

0 .  

Observed Responses-Arvin-Edison WSB has made many improvements to its physical 
defivery system since it was first built between 1964 and 1968. In the last two years alone, 
the District spent $750,000 on maintenance of the main pumping plant, including repairs to 
the electrical system and installation of "fallback" mechanisms in 'case of power outages. 
The District supports continuous engineering, operations and maintenance activities to 
improve water delivery. These include the surveying and adjusting of all standpipes and 
on-going monitoring and repair of all pumps and wells. Other routine physical system 
maintenance and improvements include: plugging pipeline leaks, fence repair, canal 
grading, periodic drying and filtration of spreading ponds and rodent control. The District 
has also invested in replacing inaccurate water meters with more reliable models. 

Arvin-Edison WSD can account for about 7,600 AF pea year in non-beneficial water 
losses: 1) 4,600 AF in surface water evaporation and spreading grounds vegetative 
consumptive use; and 2) 3,000 AF from seepage from the Intake Canal. 

CCID owns and operates 270 miles of canals that wind through the District following the 
contour of .the land. These canals are unlined, and the District esthates that between 
60,000 and 80,000 AF of water per year are lost through seepage, some of which is 
recoverable from the groundwater basin. In addition, the District maintains but does not 
own approximately 300 miles of unlined community ditches. h i n g  the big canals would 
cost approximately $200 per foot, while lining the community ditches costs $8 per foot. 
Taking into consideration the current benefits and costs of lining its major canals, CCID 
management has elected to forego this option for the time being. 

In 1991, CCID abandoned several of its 45 wells because of collapsed casings, 
uneconomic pumping costs and poor water quality. District wells will require substantial 
rehabilitation if high pumping rates continue in the future. 
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El Dorado ID'S current five year plan of capitdl improvements contemplates $50 to $60 
million dollars of new building, physical improvements and maintenance. The County's 
high urban growth rate has attracted sufficient interest by developers to underwrite these 
types of investments. New projects are generally fimced by developers and fume 

beneficiaries, while maintenance is covered by dl rate payers. 

EID delivers water through 774 miles of pipeline .and 59 miles of conveyance ditches. The 
District has had a long-standing problem with unaccounted for water losses, primarily from 
leaky ditches and inaccurate meter calibration (also evaporation, percolation and 
unauthorized use). During 1989, water losses totaled an estimated 10,000 AF or 32.3 
percent of total supply. 

The District has recently undertaken efforts to trace the exact system components and 
operations procedures responsible for these losses, and has estimated the costs and 
potential water savings for several corrective actions. These include: pipeline repair and 
replacement, meter upgrading, conversion of open ditches to. alternative means of 
' conveyance, supexvisory control and data acquisition. The District has also implemented a 
Flow Monitoring Program to assist in quantifying pipeline losses and unauthorized use, 
and to determine daily fluctuations in water usage. Between 1985 and 1990, EID estimates 
that it has saved 6,738 AF from replacement of leaky pipes. 

An on-going EID improvement program is its Water Meter Repair and Replacement 
Program which tests, calibrates, and replaces master water meters to insure accurate water 
consumption accounting. To assist in prioritizing meter replacements, EID installed a 
computer system that monitors water use fluctuations. In 1990, the District replaced 12 
large compound meters at a cost of $7,900, which is expected to save 70 AF of water per 
year. Another recent improvement was the installation of float-control valves at most of the 
District's reservoirs to eliminate water loss associated with overflow. As a result of these 
various improvements the rate of water loss in 1991 was reduced to 27.9 percent of total 

supply. 

The EID Crawford Ditch Renovation project, completed in 1990 at a cost of $3.87 million, 
was financed by developer fees (FCCs) of $4,500 per new meter. This project widened, 
reinforced and cleaned 19 miles of District ditches, increasing its water supply by 
approximately 2,800 AF per year. In some locations, ditch and old.pipe were replaced 
with new buried pipe. However, the "riparian folks" who own property overlooking 
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Crawford Ditch have opposed plans to convert to pipeline those parts of the ditch that 
would result in the loss of their "creekside" view. Their opposition has succeeded in . . 

stalling further conversion to pipeline, at least t empody .  

Glenn-Colusa ID owns and operates the 65 mile long unlined Main Chd with 14 cross- 
check stations that control and measure 'water flow. The District also owns and maintains 
420 miles of laterals, most unlined, that carry water directly to fim~ers' fields. In addition, 
the District operates a drainage recapture system with a total capacity of 1,257 cfs that 
pumps drain water into the distribution system for reuse. This water source is especially 
i q o ~ a n t  for augmenting supply in dry years. GCID maint&s two "interties" between the 
Tehama-Colusa Canal and its Main Canal with a total capacity of 1,130 cfs. These interties 
can supply additional water during peak demand months (April amd May) on am "if and 
when available" basis at $4.25/AF paid to the USBR. 

In 1980, District landowners approved a $17 million dollar loan from the USBR under the 
S~rnall Reclamation Projects Act of 1956 (P.L. 984) to rehabilitate District facilities, 
including the main pumping plant and the'Main Canal (the loan Was "privately" refinanced 
in 1988). In addition, GCID contributed $4 million in District reserves that had been set 
aside for the purpose of implementing the "Master Water Plan" developed in the 1960s. 

Glenn-Colusa ID does not meter water usage by its customers; users pay for water on a 
per-acre basis. The District's flat topography keeps the flow velocity in the canals too low 
to activate enough head to spin water meters. Furthermore, the flood and trickle irrigation 
system for rice would require two types of measuring systems, one for the flooding period 
and the other for maintenance (dckle or drip). These types of wide range meters are not 
currently available. However, the District is interested in improving its water measurement 
capability in the future. Average water delivery efficiency at present is about 70 percent, 
heludhg drainage recapture. 

In the past, GCID has dredged the diversion channel from the Sacfamento River to the 
District's main pumping plant in order to remove accumulated silt and ensure adequate flow 
rates. In 1986, the District's permit from the Army Corp of Engineers to engage in 
dredging activities was contested by the U.S Fish and Wildlife Service until completion of 
further research on the potential damage to fish passing through the channel, in particular, 
the winter run Chinook salmon, a threatened species. 
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IMPACTS OF PHYSICAL SYSTEM 
INVESTMENTS 

Increase In long-term district debt 
decline in reserves and/or credit for other 
district investments 

District water savings from 
reductions in delivery system tosses 
greater acmuntabiliiy of water usage 

lncrease and/or decrease in district 
revenues 

(increase) from annual water savings, more 
efficient 'charging for water use 
(decrease) from higher variable expenditures . 

on routine maintenance and monitoring, 
enviranmental studies, etc. 

Improved public image of district 

Potential loss of seepage-supported 
riparian habitat 

Potential impairment of draln-water 
diverters 

4.4 Concluding Remarks 

This chapter has reviewed the principal short-run responses and long-run adjustments to 
changes in water availability adopted by the case study districts. The evidence shows that 

these adjustments vary tremendously from district to district, reflecting differences in the 

total water supply situation in both "noxmd" and water short years, and the district-specific 

opportunities and constraints for successfully adopting one adjustment or another. It was 
shown that those districts that have been reasonablv able to "maintain" water SUDD~V. 
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despite substantial reductions in project entitlements, fared best in terms of continuing to 
provide adequate, low cost service to water users. Groundwater pumping, e x q a l  water 
transfers and participation in water exchange and banking programs we& the principal 
mechanisms for maintaining water supply. 

In addition to augmenting water supplies, the case study districts have all adopted, to 
varying degrees, mechanisms to allocate available supplies to growers in the most efficient 
and equitable manner. However, districts often face constraints on the t h i n g  and flow of 
deliveries imposed by wholesaler contracts and physical conveyance and capacity 
limitations. Such constraints reduce their flexibility for adjusting to water shortages. One 
particularly successful allocation mechanism is the encouragement of "fiee market" intra- 
district suxface water and groundwater msfers between "surplus" and "deficit" growers. 

Most of the case study districts are also involved, again in varying degrees, in efforts to 
improve the efficiency of water delivery and use. If water supplies become increasingly 
more scarce and expensive, this may be the most feasible long-run strategy for ensuring 

adequate water availability for agriculture. Some districts have increased their delivery 
efficiency to very high levels, 80 percent and above, while others still have considerable 
room for improvement. The motivation to invest in the kinds of physical system 
improvements needed to reduce system losses and improve water accountability depends 
upon the benefits and costs of the expected water savings. Districts have also been 
involved in assisting growers to achieve higher rates of irrigation efficiency through 
information and technical support services and economic incentive programs. Some of 
these programs have resulted in significant water savings. 

The next chapter reviews adjustments, constraints and impacts to changes in water 
availability at the fm-level. To the degree that growers have been able to adjust to water 
shortages without significant h a m  to their crops or net revenues the credit must be shared, 
at least partially, with the water supply districts for their successful effoits to meet the 
needs of their water users in critical years. However, where grbwers have faced greater 
hardship, the suppliers may need to also accept partial blame for inadequate water planning 
and conservation. 
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5.0 PRODUCER ADJUSTMENTS, CONSTRAINTS AND 
IMPACTS FROM CHANGES IN WATER AVAILABILITY 

5.1 Introduction . 

Some of the most significant impacts resulting from cRanging water availability occur at the 
%am-level. These impacts are associated with short-run responses and long-run 
adjustments made by producers faced with reduced or less reliable water supplies. This 
section reviews these responses and adjustments observed in the case study districts and 
identifies significant constraints to the adjustment process. This information provides the 
foundation for identifying potential producer impacts. As noted in the previous section, 
more detailed analysis of these impacts is a task for Phase III of the study. .. 

The scope and objectives of the study did not include developing a' farm-level data base. 
During Phase III, case study data collection will be completed, including more specific 
information on producer adjustments, constraints and impacts through "fqcus, group" 
interviews and existing data bases. 

5.1.1 Producer Adjustment Mechanisms: Short-Run Responses 
and. bong-Run Adjustments 

Producers facing water supply reductions will alter their operations to meet their objeztives 
within existing constraints. These mponses and adjustments take place within a dynamic 
and uncertain framework such that each production decision has both expected and 
unexpected impacts which occur over time. Producers adjust, and then re-adjust, as 
interactions between production variables, .including relative prices and technology, are 
revealed and bemi information becomes available. 

District-level changes in water availability establish the initial conditions that lead to on- 
farm responses and adjustments (see Figure 5.1). Such responses and adjustments to 
surface supply reductions can be placed into three categories: (1) obtaining alternative 
sources of supply to supplement reduced surface water allocations; (2) matching demand to 
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FIGURE 5.1: PRODUCER ADJUSTMENTS, CONSTRAINTS AND IMPACTS 
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supply to meet financial objectives; and (3) increasing water use efficiency. These can be 
furtherer broken down into short and long-run options. 

In the short-run, defined as the period within which capital investment is fmed, producers 

can respond to water scarcity in various ways, including: substituting groundwater for . 

imported surface water, fallowing cropland, changing cropping patterns and increasing 

water application efficiency through improved management. These "short-run response 
options" are identified in Figure 5.1. 

h the long-run, allowing for capital investment and institutional changes, a larger number 
of adjustment options become feasible. These include changing the size of operation, 
adopting new production and irrigation technologies, practicing improved conservation, 
augmenting water storage facilities, developing additional water supplies, changing the 

location of production or leaving farming altogether. These are listed as "long-run 
adjustment options" in Figure 5.1. 

5.1.2 Opportunities and Constraints 

The short-run farm-level adjustment process is generally constrained by physical, 
institutional, legal and financial factors that vary widely across regions and even across 

producers within the same region. Possible constraints include agronomic conditions, 
climate, hydrology, federal commodity program rules, processor contracts, water district 

policies, managerial ability, farm structure, farm practices, financial status and market 
conditions. These are listed as "constraints" in Figure 5.1. Many constraints remain 
binding in the long-run, even allowing f a  significant capital investments. 

5.1 -3  Identifying Impacts 

The adjustment mechanisms adopted by producers facing reductions in available water 

supplies have certain impacts that are important to identify and evaluate. These impacts 

affect the financial position of producers, the local economy and resource quality. In this 

report, both observed and potential impacts resulting from producer adjustments will be 

identified. The quantification of these impacts, however, will be left to Phase I11 when 
additional data necessary for this analysis will be collected. 
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5,2 Farm-level Characterlstlcs Likely to Affect Adjustments 

The heterogeneity in fm-level characteristics will influence specific producer responses 
and adjustments to changes in water supply conditions. In Phase 11 of the study, data on 
cropping patterns, f m  size and some preliminary information on production and Zand- 
values were collected. More detailed information on organizational structure, production 
practices and technology and net farm income will be collected and analyzed during Phase 
111. 

5.2.1 Cropping Patterns 

The case study districts exhibit a wide variety of cropping patterns. Listed below are the 
key characteristics of those pattems including total planted acreage, major crops, portion of 
mpland planted to permanent crops and important trends in acreage distribution over the 
last b a d e  or so. Figure 5.2 shows trends in acreage planted to annual and permanent 
crops aggregately for all of the case study districts over the last 16 years. Note that while 
annual crop acreage has declined in the last few years, especially in 1991, acreage in 
permanent crops has remained very stable. Data on acreage trends for individual crops are 
presented in Figures 5.3 (cotton), 5.4 (alfalfa), 5.5 (vegetables) and 5.6 (tomatoes). 

In Arvin-Edison WSD, 92,818 acres of land were planted to crops in 1989. The crops 
occupying the largest proportion of land in that year were grapes (24 percent), potatoes (17 
percent) and cotton (16 percent). Other major District crops included vegetables, orchard 
crops and citrus. Approximately 46 percent of the District cropland was planted to 
permanent crops. Important trends include an increase in citrus amage and more fallowed 
land. See Table 5.1 and Figure 5.7 for more detailed infonnation. 

In Central California ID, 149,047 acres of land were planted to crops in 1989, including 
double cropping. The crops planted to the largest proportion of land were cotton (22 
percent), alfalfa (20 percent), beans (9 percent) and grain (8 percent). Other major District , 

crops included corn, orchards and melons. Approximately nine percent of the District's 
cropland was planted to permanent crops. Important trends include increased melon 
acreage and a decline in rice and grain acreage. See Table 5.2 amd Figure 5.8 for more 
detailed information. 
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Figure 5.3: Cotton Acreage, Case Study Districts 
Source: District Crop Surveys 
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1 2058 1728 2347 5674 4952 683 285 3215 11133 2127 8996 12144 7405 8451 7119 5736 220 
: MsMct Crop Surveys. Data for 1991 Is pfelimlnan. 
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Table 5.1 : Acreage by Crop, Arvin-Edison WSD 
1 1975 1976 I977 1970 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

cotton 1 15076 22805 28082 25495 21350 25696 23276 18450 .I1987 16706 13430 12881 14940 19776 14828 17579 11188 
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In El.Dorado ID, 7,086 acres of land werc planted to crops in 1989. Crop acreage figures 
are based on data obtained from the El Dorado County Agricultural ~orrdssioner. 
Adjustments were made to reflect mops that are grown in the County, but outside the 
District. County data for 1991 will not be available until mid-winter 1992. Estimates for 
199% crop patterns were made based on past trends and District interviews. The m p s  
planted to the largest proportion of land were higated pasture (61 percent), pears (1 1 
percent), apples (10 percent) and Bay (9 percent). Other major District crops included 
.grapes, plums and cherries. All of the cropland in the District is planted to permanent 
crops. Important trends include decreased acreage in crops generally, and specific 
reductions in pears, hay and higated pasture. Grape acreage has increased. See Table 5.3 
and Figure 5.9 for more detailed information. 

In Glenn-Colusa ID, 11 1,704 a m s  of land were planted to crops in. 1989. The dominant 
mop was rice (73 percent of cropland). Qther 'major District crops included clover and 
tomatoes. Less than two percent of the croplad in the District was planted to permanent 
crops. I m p t  trends include increased processing toniato acreage and a decline in corn 
kcreage. See Table 5.4 and Figure 5.10 for more detailed information. 

In Lost Hills WD, 44,136 acres of land were planted to crops in 1989. The crops 
occupying the largest proportion of land included cotton (43 percent), barley (16 pekent) 
and pistachios (1 1 percent). Other major District crops were grapes, almonds. alfalfa and 
beans. Approximately 30 percent of the cropland in the ~ i s h c t  was planted to permanent 
crops. Imponant trends include dareking amage in olives. barley, alfalfa and cotton and 
increased acreage in pistachios. More broadly, over the past ten years total planted acreage 
in the District has declined by approximately 10,000 to 15,000 acres. This is partially 
explained by the loss of 12,000 acres in Service Area '6 resulting from growers' financial 
difficulties in the mid 1980s; the majority of these lands were eventually taken over by the 
District. See Table 5.5 and Figure 5.11 for more detailed information. 

In Westlands WD, 567,817 acres of land were planted to crops in 1989, including double 
cropping. The two leading crops in acreage were cotton (42 percent) and tomatoes (14 
percent). Other major District crops included alfalfa, cantaloupes, wheat, barley and 
lettuce. Approximately three percent of the cropland in the District was planted to 
permanent crops. In the last decade, there has been a marked long-nan trend toward 
increased acreage in vegetables and fruits, and decreased acreage in grains and cotton. This 
trend toward higher-value and higher-risk crops is essentially profit and market driven. 
The District's cost-competitiveness for vegetable production as compared with the Salinas 
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Figure 5.9: Distribution of Crop Types, El Dorado County 
Sourn: 173 B)or& County AgricuYural Commissioner's Reports. 19751 990 
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Table 5.4: Acreage'by Crop, Glenn-Colusa ID 
1 1975 1976 1977 1978 1979 1980 1981 1W2 1883 1981 1985 1988 19Bt 1988 1989 1990 1991 

rlco 1 93326 8'1190 52930 90609 86470 89197 105902 100880 62590, 82677 76800 72058 71547 82865 81746 66827 62251 
tom$tom 
rugclrbeetr 
clavsr 
sltalim 
com 
0n:hBrd 

duck pond 
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Table 5 5 :  Acreage by Crop, Lost Hills WD 
1 1975 1978 1977 1978 1979 1980 1981 1982 .I983 1984 1985 1988 I987 1988 1989 1990 1991' 

conon 1 19470 16954 21905 22150 28668 27625 30560 23815 17470 25352 24491 17760 21092 20000 18787 16569 3~~ 
alfalfa 
barley 
beandpeas 
nffbwer 
wheat 
sugar beets 
totlMtoes 
com 
dbl crow 
other crop. 
'mwcroptot 
8Imonds 

1425 480 240 3365 1770 20 680 200 100 602 337 15 210 42 62 45 160 
44305 40156 29720 40323 47138 45685 49955 43471 32988 47250 39567 28734 30040 30133 31525 26376 16197 
315 795 2477 2357 2320 2335 2595 2648 2679 2653 2- 2682 2679 2679 2679 2579 2659 

pomeeranstr 
penn crops 

randtotal 

0 0 0 0 0 0 0 0 0 7 8 7 6 6 Q e S 6 9 7 Q 7 e  
Q615 10187 ll9lO 11788 11946 11435 11265 11558 10718 10713 10529 11620 12384 12383 12611 14682 14767 

55029 53920 50343 41630 52111 58084 57120 61220 43706 57963 §OW6 40354 42424 42516 44138 4t058 WQ64 
!ource: District Crop Surveys. Data tor 1981 Is pelmtnary. In 1091, ttte only m crop to receive IdgaUa water was m(mn The nnulrhp crop m planted, 
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Valley, for ample,  has incieased in recent years as a result of the widening gap in annual 
land rents between the two areas ($UK)-$300/ane in Westlands WD'vmus $80&$900/acre 
in Salinas). Table 5.6 and Figure 5.12 present more detailed i n f o d o n  on District 
cropping patterns. 

In Wheeler Ridge-Maricopa WSD, 88,937 acres of land were planted to craps in 1989. 
The crops planted to the largest pqxdon of land were cotton (40 percent) and vegetables 
(23 percent). Other major District crops included grapes, hiit and nut orchards and citrus. 
Approximately 28 percent of the District cropland was planted to permanent crops. As with 

Westlands WD and other districts, long-run changes in irrigated acreage and cropping 
patterns in WRM are most directly related to market and institutional factors (i.e. 
commodity prices and subsidy programs). The trend has been to move into high-value 
crops-vegetables, vineyards, fruit and nut trees-and to reduce acreage in p i n s  and 
sugar beets. Acreage in cotton increased over the last decade, but during mitical water 
years cotton is the "swing" crop that is forfeited (fallowed) to ensure adequate water for the 
higher-value crops. Fallowed acreage increased significantly after 1985; however, only & 
1990 and 1991 was this change attributable to water shortages.' See Table 5.7 and Figure 
5.13 for more detailed infonnation on Wheeler Ridge WSD. 

5.2.2 Gross Value of Production 

As would be expected from the wide variation in planted acreage and cropping patterns 
among the case study districts, the gross value of production (output times price) measured 
in.total or per acre also varied widely. These value of production estimates, given in Table 
5.8 and shown graphically in Figures 5.14 and 5.15, were calculated using district 
provided data on planted acreage and yield and pice date from the latest County 
Agricultural Crop Reports. The calculations were made for 1989, the'last year before 
"critical" year reductions in CVP and SWP water allocations w& instituted. 

In tenns of total value of production in 1989, the case studies range from a high of over 
$707 million (Westlands WD) to a low of just over $10 million (El Dorado ID). The per 

~armerdsisions on ca~. amage m also a f f d  by f~ c o d y  pmpm @or. (e.& 0192 
and 50192). The participation ratio of WRM growers in these pnograms was nor determined, but will be 
explod and analyzed in Phase III of the study (along with other districts). 
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Table 5.6: k Acreage by Crop, Westlands WD 
1 

107s 1976 1917 1970 1919 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
14703 18250 16855 13771 13450 10182 11438 6256 10887 11136 10768 10134 8738 10042 11482 10716 7628 
2- 11875 11841 17337 14162 18925 15103 17552 10832 15235 14486 19130 17039 14321 13453 1304Q 90665 
4220 61a 6023 6531 6988 fM8 6030 8116 7566 7040 7659 0301 7972 7363 8381 7159 9302 

0 0 15 63 15 15 18 18 18 17 98 14 70 0 411 360 na I O 
0 0 0 0 0 0 22 95 101 922 122 135 151 172 236 na 

4 6 1 7 5 0 7 9 5 6 4  0 0 0 0 403 412 352 382 443. 477 642 547 na 
11- 12011 104138 126182 78840 76547 5 4 m  46618 21004 22674 24001 P000 12866 10678 15953 7 4468 
I 9615 3092 661 1873 1090 294s 2755 4033 101 S72 7545 6074 3740 8691 10052 6259 4537 

I =  0 1185 2370 473@ 3735 4 2368 7869 0 477 0 2282 0 2070 1127 3444 
0 0 35 38 261 25 0 0 259 1307 2308 4130 6413 5137 2175 9003 na 
0 10 0 0 B 0 0 0 0 0 0 111 464 361 26 na 

11587 13765 11188 18828 19467 18037 16641 17237 21523 21008 20190 25345 23152 18603 21310 20402 19634 
180 175 0 0 0 585 120 0 706 946 1176 1990 2412 2749 1930 1262 na 

I O 
0 25 1 438 100 477 0 0 338 955 229 435 1136 170 0 r9a 

10s 1300 n 2se 11- 22w 3974 m~ .- 7074 so24 sw 47s 2528 ten 1- 1168 
14W3? 174733 163346 27m1 ZM6W 300308 277064 230307 287174 286969 231142 266403 241985 241076 208385 
0 2 5  0 0 0 0 155 106 0 26 0 0 20 0 0 234 na 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 53 200 na 
1- 1598 1737 1858 2670 3427 4602 7510 9118 8132 8670 $011 11583 11345 12338 94500 14970 
3814 4148 410 4566 424 4882 5683 6324 5417 6767 6633 6363 6416 5796 5821 5867 4224 
120 0 o 100 150 0 0 0 398 348 925 624 1081 1198 1582 1825 9832 

0 0 0 0 0 6 0 0 0 0 0 0 10 10 11 11 na 
260@ 2711 4078 7358 8876 7490 7330 6491 11510 7971 14692 13428 14603 16112 15231 12811 17652 

0 0 0 0 0 0 0 74 75 116 72 242 171 193 193 248 na 
0 200 162 677 0 0 0 174 0 0 255 W 2  0 446 1853 0 na ' 106 256 247 423 423 412 423 423 423 423 423 422 413 41s 413 583 na 

3243 3741 2047 2433 4320 6803 6393 8772 6070 8921 9954 11357 12230 12704 12839 11442 9783 
6 160 157 157 157 957 157 157 157 182 163 168 167 167 lQ0 207 na 

0 0 218 1691 227 210 254 501 382 344 261 355 540 631 482 474 na 
0 0 0 0 0 0 0 30 58 51 54 20 0 20 126 190 na 

0 1542 1623 1157 1372 1259 299 617 1535 2320 231 301 0 0 2008 1lOB 1281 
1 562 453 76 532 877 Q72 1321 1110 1498 1039 1392 2320 2202 2253 547 983 na 
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Table 5.6 (continued) 

plstachlo 

Pomegr. 
potato- 
dce 
s a f f l w  
eeed crops 
-hum 
M m h  
sugarboa' 
t~lmt~m 
wdnut 
~ & m n ~ h  
wheat 
no- 
nonhnstd 
m l r  
doubkcrop 
tow 
bllar 

1975 1976 197? 1978 1979 1980' 1981 1982 1983 1984 1985 6988 1987 1988 1989 1990 1991 
70 347 757 565 584 572 886 2243 1968 2102 2252 2534 3215 2403 3365 3120 5039 

564 !564 4 5  669 724 722 580 547 473 504 521 499 542 584 700 797 na 
200 130 116 0 405 0 0 0 0 0 0 0 0 0 0 0 'na 

3523 2418 0 1080 638 1649 1676 435 291 3B8 37 153 04 0 .  0 0 na 
14670 2843 5745 9393 1- 8982 7219 10507 9573 8161 3848 13447 H27 4776 0531 13S41 5462 

0 200 946 631 1098 412 467 665 106 2584 434 W 7 4  1196 1448 1234 576 
9261 720 280 5813 555 635 442 2680 276 1060 0 323 0 0 0 0 na 

0 .  0 0 75 133 0 0 0 0 0 0 0 0 . .O 78 0 na 
18506 16327 3516 6746 9901 11194 11455 7046 5203 5699 8841 11880 9730 8337 7808 73S3 1959 
40691 43314 32217 30224 37504 27857 29656 45000 56949 59817 54211 60818 60085 65040 80903 95159 107156 

76 70 63 38 21 82 133' 124 137 m, 1150 248 252 250 252 264 na 
80 0 0 0 0 0 0 0 220 105 63 3W 109 25 65 120 na 

38683 29093 3625 1591 16051 55637 60507 62528 49045 50314 49889 36118 26595 24641 ' 23398 28407 1SZ6 
1935 0 0 0 533 27J 128 617 1288 15 558 821 236 2497 1647 6081 3428 

0 0 0 0 609 347 707 3278 1464 773 3245 821 4 4 9 .  1578 743 4530 na 
723 0 0 0 0 0 12 10 5000 60 0 394 210 0 0 47 

8021 8202 8808 13196 14850 11537 6532 13847 13053 13834 125161 11921 f069 na 
465795 465325 477316 566475 566050 564719 563301 564039 567184 568197 568554 568888 566844 568083 567817 568389 na 

4297 '0 69548 36335 25743 16527 18203 26128 88773 16340 30579 67829 662h 05632 WTB 52544 104000 
- 

+Source: DIsMct Cmp Surveys. Data for 1991 Is Incomplete and preliminary. Crop surveys In 1975-77 did not include the entire Dl& 



P W E  II DRAFT 

Ag. Emn StudyICEPRIStanford University 



2 

V, 

E 

dwblecrop 
 OW 
fsllorr 

. 

' 
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8365 8306 2862 4750 8568 4867 6034 6842 4425 6220 44- 4420 5720 4810 6035 5314 4090 
81938 98736 81314 101234 99175 107161 107889 99918 83032 102089 97784 86122 83989 86353 82902 84281 61793 
4541 717 21424 4385 10177 1527 1601 10170 29863 9734 1- 25929 27501 25427 28811 27588 56540 

Source: District Crop Surveys. Data for 1091 is preliminary. 

Table 5;7: Acreage by Crop, Wheeler Ridge-Marlcopa WSD 

cotton 
grsenfeeds 
!3raln 
~ M ~ O O U  
g m P  
vegsbblw 
fruwnutr 
m l r ~  
clbua 
~ b t o t d  

1975 1976 1977 1978 1979 1960 1981 1982 1983 1964 1985 1886 1981 1988 1989 1990 1991 
32141 46368 38066 52329 59953 58933 60235 44175 31245 49549 42435 33251 39137 44999 35809 38071 16044 
1566 2065 2411 120G 1131 1510 1393 2042 1841 2638 2460 2652 1864 2656 2482 '1821 

18429 1Wi5 5182 93933 4908 8651 10931 14379 8465 10431 10878 9462 4594 3120 5031 2692 3447 
4058 3107 139Q 1Q52 1321 2684 2596 1325 1060 713 8(11 718 488 293 7 7 a  
9035 8802 8141 11628 8887 10683 10419 11276 12296 12711 12844 12818 12718 10714 10648 1071s 11011 

22484 21279 16308 18043 21255 17021 15009 20263 18113 18968 20180 18363 16983 16541 20428 19504 17329 
7267 7512 7491 6782 7099 7421 9407 8405 9454 9208 8996 8035 8539 8424 8786 9182 8182 

92 104 58 42 0 0 0 0 0 0 0 0 0 0 6 10 10 
5231 5504 5125 4689 4191 4115 3895 3983 g 1 7  3900, 4425 4618 5208 5498 6212 6280 

100303 108396 84176 105984 108743 11202% 113923 106760 87457 108308 102274 90542 89709 91163 88937 885-95 S5683 
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Table 5.8: Gross Value of Production, Case Study Districts, 1989 
Dlstrlct 

Arvln-Edlson WSD 
Central Callfornla ID 
El Dorado ID 
Glenn-Colusa ID 
Lost Hllls WD 
Westlands WD 
Wheeler Rld a edarlco P a WSD 
Footnotes: Total gross income and gross income per acre were calculated using district crop 
surveys for data on planted acreage .and County Agricultural Crop Reports for data on yields 
and prices. Adjustments were made to mateh crop categories used by the districts with the crop 
categories in'the Agricultural Crop Reports. ' For example, several 'districts recorded *grapesm as 
a crop, while the Agricultural Crop Reports distinguish between raisin, table and wine grapes. In 
this case, simple average prices and yields for dl three kinds of grapes were used in determining 
the gross value of 'grapesw in each district. These adjustments were made to several other. 
crop categories including *fruits and nuts,' Fegetabies' and 'grains.' 
Sources: Arvin-Ediwn WSD: District Crop Surveys and the Kern Cty. Ag. Crop Report, 1990. 
Central California ID: District Crop Surveys and the Merced Cty. Annual Report of Ag., 1990. 
El Dorado ID: Acreage, price and yield data were obtained from the El Dorado County Agricultural 
Crop Report, 1990, and personal communications with Edio Deifino, El  ora ado. County Agricultural 
Commissioner. Glenn-Colusa ID: District Crop Surveys and the Agricultural Crop Report. County 
of Coiusa, 1990. Lost Hills WD: District Crop Surveys and the Kern County Agricultural Crop 
Report, 1990. Westlands WD: All data were provided by the District Yield and price data were 
verified using the 1990 Fresno County Agricultural Crop and Livestock Report. Wheeler Ridge- 
.Maricopa WSD: District Crop Surveys a ~ d  the Kern County Agricultural Crop Repod, 1990. 

Value 
Per 

Acre 
$3,392 

$82 1 
$1,496 

$81 I 
$1,101 
$1,246 
$2,285 

Total 
Value 

(thousands) 
$31 2,424 
$1 16.91 1 

$1 0,010 
$84,103 
$48,341 

$707,684 
$203,211 

Leadlng Crops 
by Value of 
Production 

Grapes, Potatoes 
Cotton, Alfalfa 
Apples, Nursery 
Rice, Tomatoes 
Cotton, Grapes 

Cotton, Tomatoes 
Vegetables, Grapes 
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Figure 5.14: Gross Total Value of Production, Case 
Study Districts, 1989 

Source: District Crop Sunreys and County Agricultural Crop Reports 

AEWSD CClD EID GCQ LMND W WmMm 
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Figure 5.15: Gross Value of .Production Per Acre, Case 
Study Districts, 1989 

Source: District -Crop Surveys and County Agricultural Crop Reports 

AEWSD ccrc) EID GClD LMND W - .  
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acre value estimates indicate that Amin-Edison WSD and Wheeler Ridge WSD in Kern 
County and El Dorado ID in the Sierra f o o ~  grow the highest value crops per unit of 
land (prhcipally inps,.potatoesD vegetables, Wt trees), while Central W e  ID and 
Glenn-eO1usa e) grow the lowest valu crops (principally cotton, alfalfa, rice). k t  Hills 
WVB and Westlands W fall somewhere in between with prir%dpd crops including both 

lower-value m S  (cotton) and h@heF-~d~e Crops mw, (O~WBWS). In 1989, WSS 
value of production per acre ranged fiom $3,392 (AEWSD) to just over $800 (CCID, 

" GCJD). 

Expected crop ~of&bility @ i s  value of production minus costs),pahaps morr than any * 

other variable influences farmers' cropping decisions. However, shifting into more 
profitable crops often involves considerablc'fmancial risk and may be constrained by 
unfavorable sod and climatic conditions. Water scarcity and higher water'costs can a f k t  
net mop returns both positiveiy and negatively depending upon d e m d  elasticities of 
piduction and market s h .  ,&I Phase IIP of the study, n g  crop W m s  for producers in- 
the case study. districts will be calculated for a "basen water year a d  cdmpared with net 
returns in modera& (1990) and severe (1991) water short y-, as an indicator bf both 
ability to M t  cropping patterns in the short-run and constraints on shifts likely to affect 
long-run adjustments. 

5.2.3 Number of Farms and Indicators of Farm Size 

Farm size is likely to influence several.aspects of the water shortage adjustment process. 
Size can be defmed both in terms of gross acreage and gross value of production. These 
measures result in very different notions of s k .  ~achards~md vineyards, for example, 
may be relatively small in tenns of acreage but high in per-acre value of production. Cotton 
pmduction, on the other hand, generally takes place on larger landholdings but the per-acre 
value of production is considerably lower. 

Larger farm entities are likely to have greater flexibility for adjusting to changes in water 
supplies than smaller farms. Greater financial resources provide the opportunity to make 
large capital investments, including well development and purchases of specialized 
equipment. Adequate fmcial  resources are also necessary to make use of high .cost water 

options. Larger farm entities may employ irrigation specialists and other consultants who 
can guide the adjustment process, spreading the costs of this expertise over more acres. 
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They are also mare likely to receive water fiom more than one souxu by owning land in 
more than one irrigation district 

Smaller producers, on the other hand, may be able to take advantage of production and 
irrigation techniques that q u i r e  "hands on" supervision and management. These 
techniques can be especially effective in a waterumstmhed en-t Ah, producers 

who lease their land or equipment face less financial risk than operators with large fmed 
investments. , 

Data on farm size wen tabulated by the case study districts using one of tws criteria: f m  
operations afld h i  ownership. A farm "@onw is defined as the l a d  that is cantsolled 
by m "operatoq" that is, "a person who operates a farm, either doing the work or waking 
day-to-day decisionsw and can include owners, managers, tenanis, renters and 
sharecroppers (U.S. Department of Commerce). Thus, there can be several owners of a 

single operation, or several operations owned by the same landowner. The size 
distribution of fanning operations for Central W o m i a  ID, Lost Hills WD and Westlands 
WD is presented in Table 5.9. The size categories weat dictated largely by the need fot 
consis~cy between the district data sets. 

Central California ID is characterized by smaller farming operations. More than 80 percent 
of the operations in the District have fewer than 320 acres and less than five percent have 
more than 961 mes. I .  all, there are 684 operations in the District. 

Lost Hills has a mix of both small (less than 320 acres in this case) and large 
operations. Six of the seventeen operations in the District have less than 320 acres, while 
&n have more than 961 acres. 

In Westlands WD, more than half of the opendons are between 321 md 960 acres. The 
r e d d e r  is equally distributed between farm under 320 acres and over 961 acres. The 
number of Westlands water users, defied as the number of water bills that are sent out by 
the District, is 618 (WWD, November 1991). 

The four other case studies (Arvin-Edison WSD, El Dorado ID, Glenn-Colusa ID, and 
Wheeler Ridge-Maricopa WSD) provided the study with land ownership data. Individual 
landholdings are often smaller than farming operations and thus cannot be directly 
compared to the farm operation data presente$ above. Information on land ownership is 
presented in Table 5.10. 
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Table 5.9: Farming Operations In Selected Case Study 
Districts 

Dlstrlct 

Central Calif. ID 
Lost Hllls WD 
Westlands WD (a) 
Footnotes: (a) Data is from a random sample of 613 farming operations. 
Sources: District documents and personal communications. 

Total 
Number of 
Operatlons 

684 
. 17 

na 

Dlstrlbutlon of Acreage (percent) 
e320 

83 
35 
2 1 

321- 
9QO 

14 
6 

53 

961- 
1,280 

1 
12 
20 

1,281- 
5,000 

2 
29 
5 

~5 ,008  

0 
18 
1 
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Table 5.10: Land Ownership Patterns in Selected Case Study 
Districts 

Dlstrlct 

Arvln-Edison WSD 
El Dorado ID 
Glenn-Colusa ID 
Wheeler Rldge WSD 
Footnotes: (a) Includes landholdings between 960 and 1,920 acres. (b) Includes landholdings 
over 1,920 acres. (c) Data is from a sample of 615 landholdings in the District. (d) Includes 
only landowners in the surface water service area. 
Sources: District documents and personal communications. 

Total 
Number of 
Operatlons 

456 
217 

1,088 (c) 
171 (d) 

Dlstrlbutlon of Acreage (percent) 
e320 

. 79 
100 
91 
73 

521- 
- 9 6 0  

16 
0 

' 8 
17 

961- 
1,280 

4 (a) 
0 
1 
4 

1 ,281- 
5,000 

2 (b) 
- 0 

1 
4 

,5,000 

0 
0 
0 
2 
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ANin-Edhon WSD is charact&& by ~ v c l y  small landholdings. Nearly 80 percent of . .. 

thc p m l s  are less 320 aaes, sixteen patent of the hdholdings are between 320 and 
9 6 0 l c r e s m d ~ ~ l Y f i v c p c n c n t ~ ~ c r ( b n n 9 6 0 - .  InPll.thc1eare456 
landowners in the District 

l[mJ3E)oradoID, onehundredperceatof the~1s~lessthan32Oaaes;mostafe%ess 
- than 40 acres. In all, there arc 217 hmdowntrs in the Bistrict who currently are eligible for 
"w- metered irrigationn water rates (>S m). 

In Glenn-Colusa ID, more than 90 percent of the parcels are less than 320 acres. Of the 
mnahder, eight percent are between 320 and 960 acres and one percent are larger than 960 
acres. In all, there are approximately 1,OOO.landomers in the District, including some 
houses and lots that me not irrigated. 

Ap-ly 73 prcent of the parcels are less than 3% paes in Wheek Ridge-Maricop 
WSD; 17 percent of the parcels are between 320 and 960 acres and 10 percent aie larger 
than 960 acres. In the " s u r f ~  water sexvice arean there are 171 landowners. Infamati011 
was not available 011 the number of landowners in the "pundwater service axea." 

5.2.4 Land Values 

Land v d w  may Be important in the adjustment process to the degree that they are affected 

by water availability. Land values are determined by the returns (i.e. profits) that can be 

generated by the most profitable entaprise that the land can support, afld are revealed 
through market transactions. They can also be determined by calculating the present net 
value of the stream of future income derived fmm the land (after all other resources have 
been paid at economic rates). Since future income is uncertain, however, land values are 
somewhat subjective. In addition, site-specific characteristics of a particular parcel of land, 
such as soil type, drainage problems and.microclimate, can greatly affect its value. 

Anecdotal information about current land values was obtained in five of the seven case 
study districts. This information is by no means comprekmsive and the study team did not 
attempt to c o n f i  land value estimates, though this task will be important dwing Phase lII 
of the study. 
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In Arvin-Edism WSD, cropland values arc estimated to range widely fiom $1,000 to' 
$4,000 per acre. The average k t  of renting is approximately $150 p a  acre per ycar. 
Land values are relatively high in the District because of its conjunctive use water 
management program, excellent coils, warm ariat.cn that flow early harvesting and the 
District9s proximity to Bakersfield and the Loa Angeles bas* 

In Central CaWomia ID, the better cropland is estimated to be worth apgmximatcly $4,500 
per acre. The cost of rmting is approximately $150 per acre per year. Land values are 
sustained, in part, by the relatively secure water rights derived from the Dis&ctSs 
"exchange contract" with the USBR d by groundwater pumping opportunities. In a few 
locations, land values me elevated by increasing d s m d  for residential housing. A 
producer interviewed for the study claimed that land with the same characteristics in the 
adjacent San Luis Water District, a CVP service conator, is valued at only about $1,500 

In I3 Dorado ID, prime cropland in the "Apple Hilln axes of the District is estimated to be 

worth approximately $10,000 per acre. Other parts of the District have good agricultural 
land worth approximately $6,000 per acre (Edio Delfino, El Dorado County Agricultural 
Commissioner). These high land values reflect investments in high-value orchard crops, 
relatively secure water rights and, perhaps most importantly, increasing residential 
development in the area. 

In Glenn-Colusa ID, cropland is estimated to be worth approximately $4,000 per acre. This 
relatively high value reflects both the District's reliable water supply through secure water 
rights and the capi&ized value of future commodity program benefits paid to rice 
producers. 

v 
In W e s h d s  WIB, average cropland is estimated to be cummtly worth about $2,000 per 
acre. 'Fhis is below levels recorded four years ago of approximately $2,500 to $2,800 per 
acre. The cost of renting an acre of cropland was estimated to be $200 to $300 per acre. 
Land values are linked to the three "priority areas" that receive different water allocations 
from the District. 

Information on land values was not obtained from Lost Hills WD nor Wheeler Ridge- 

Maricopa WSD. This infixmation will be collected in Phase III of the study. 
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5.3 Farm Level Surface' Water Supplles 

In a "normal" water year, producers in the case study districts generally are allocated 

Mweea 1.30 a d  3.75 AF of water per am of cropland (see Table 4.9': Water Maations 
by District). In two case study districts, G ~ ~ ~ i l s a  ID a d  El Ib)s& ID, water k 
available "on demand," meaning that no fixed limitation in watez deliveries has been 
established by the Districts. Water is allocated on a "pro-ratan basis in Centrat CaMmia 
ID and Lost Hills WD. In Westlands WD, a fixed amount of water is allocaocated to three 
qa& "priority areasn accodhg to contnctual agnmimts, and thm on a pro-rata basis 
to producers witbin each priority m Finally, ANis-Edison WSD and Wheeler Ridge- 
bhkmpa WSD allocate water on the basis of .water SCNicc contraas with producers that 
specifj. the amount of water that is delivered to each acre of c q h d  

Reductions in district allocations of surface supplies have had disparate effects on 
producers in the case study districts. As r consequence, fm-level adjustments should 
vary. For instance, k 1991 El Dorado ID did not reduce its supply of water to agriculture 
and few short-run changes dated to water supply reductions have occurred. In contrast, 

pducers in Lost Hills WD, W ~ ~ d s  W and Wheeler Ridge-Maricopa WSD received 
approximately o n e - f i  of their normal surface supplies, though the reductions were 
partially mitigated in some anas by groundwater pumping and water purchases. 

5.4 Meehanlsms Po Mafnta%n and Enhance Water Supplies 

As with districts, a key objective of producers is to maintain a stable water supply. Faced 
with allocation reductions, producers will have to make fewer changes in their fanning 

operation if replacement supplies can be found at a reasonable price. Evem if the marginal 
cost of replacement water is high, producers may still find it prudent to assume the 
expense. If annual crops have already been planted or permanent crops predominate, 
producers must purchase moR expensive water at the margin to protect their investment. 

h the longer-run, the decision to rely on dtemative sources of water is more complicated, 
particularly if average water costs escalate. Qthm strategies for coping with water supply 
reductions (e.g. changing cropping patterns or increasing efficiency) are likely to be , 

evaluated to determine the most profitable path of adjustment I. m e  cases, adoption of 
all three strategies might be the most efficiekt adjustment mechanism. 

5-36 Ag. Econ StudylCEPR1Stanford University 



PHASE II DRAFT February 14,1992 

5.4.1 Extraction of Groundwater by Producers 

5.4.1 .I Introduction 

During normal watcr years, a significant poxtion of W o m b  agsidural water supplies 
are pumped 'from underground sources, generally varying between 20 and 40 percent. 
Some producers have no other supply of water fa meeting crop needs. Other producers 
use groundwater to supplement surface supplies during peak demand months. In critically 
dry years, groundwater is pumped at significantly higher rates. In 1991, an estimated 20 
million acre feet of groundwater was extba6ted throughout the state, of which agriculture 
utilkd a dominant share Drought Hottine, 1991). 

It is =cult to determine on-farm groundwater extraction rates. Many wells were 
constructed Before DWR required notification. Even when the location of a well has been 
remdd, it is not always possible obtain information on time of qxation, groundwater 
yields and pumping lift 

To overcome these information limitations, groundwater extraction levels by agricultural 
poduwrs caa be estimated using one of three methods. First, if the amount of electricity 
consumed by producers can be determined over a period of time, pumping can be estimated 

by making assumptions about non-pumping electricity use, pump efficiencies, pump lifts 
and the proportion of wells with electric pumps. Estimated electricity use by agricultural 
producers in PG&E's California Service Area, presented in Figure 5.16, shows that 
electricity use is negatively correlated with high runoff and. precipitation levels: 
Approximately 80 percent of agricultural electricity use is for irrigation (PGBiE, various 
reports). 

Second, if cropping patterns and surface water supplies are know, a derived demand 
methodology can be used whereby surface supplies are subtracted fiom the estimated water 

application rate, leaving a residual estimate of groundwater pumped. As will be noted 
below, Westlands WD and Wheeler Ridge-Maricopa WSD use this derived demand 
methodology to estimate groundwater pumping by their producers. 

Third, farm surveys can be used to ask producers how much groundwater they pump or to 
test sample wells. This method is not necessarily reliable since most producers do not have 
water meteis on their wells nor good records on flow rates. 
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Figure. 5.1 6: Electricity Use by California 
Agricu%tural Customers in PG&E's Service &@a 

1984 1985 1986 IS87 1888 1989 1990 

Source: Pacific Gas and Electric 
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Aggregate data an irrigation well development for the San ~oaquin Valley indicate that a 
hrge number of new krigatioir wells were dilled in response to tbc drought in 1976-77. 
Since then, the Department of Water Resources has required *otification &en new wells 
are consiructed. These data are presented in Figwe 5.17 which shows the number of new 
wells constructed in the San Joaquh Valley over the period 1977- 199 1. Well development 
activity has been inamsing with the c m t  protracted drought (1987-1991). 

5.4.1.2 Advantages of Groundwater 

For ~ u c e a s  attempting to adjust to shdalls in surface supplies, pundwater pumping 
has a number of advantages over other d ~ t i v e s .  Pint, groundwater is widely available 
ia the Central Valley; producers in five of the seven case study districts have access to 

recoverable groundwater. Second, producers can usually pump groundwater near the point 
of use, thus reducing conveyance costs and losses. '~hird, govndwater supplies are 
generally reliable during &ought years, even though increased pumping may lead to a drop 
in groundwater levels over time. 

In addition, producers can usually drill new wells andlor increase their pumping without 
encountering legal, institutional or govenvirental constraints. None of the case study 
districts limits, regulates or taxes groundwater withdrawals by its producers. Indeed, none 
as yet has statutory authority to regulate or tax groundwater (except perhaps in connection 
with recharge operations). Neither irrigation nor water districts have any express powers 
to monitor, tax or  strict groundwater pumping. Water storage districts are authorized to 

"fix tolls or charges for the use of water, including the use of groundwater, or for any other 
semice of any type or nature, whether or not related to water use, rendered by the Districtn 
(Cab%, Water W e  section 43806) (emphasis added), 

At the state level, producers do not need to obtain a pennit or license to drill new web or 
increase their pumping. Notice of new well drilling must be filed with the DWR and the 
County both before and after finishing the well, but the DWR is not authorized to determine 
whether or not the well should be drilled or to limit its use. 

As discussed in Chapter 3, California judicial law theoretically limits the amount of water 
that any groundwater user can withdraw. Overlying owners are limited to a "fair and just" 
share of the safe yield. To the extent that overlybg ownm do not consume the entire safe 
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Rgure 5.17: Cumulatlve Well Development in the San Joaquln 
Valley, Selected Countl es 

Source: DWR Water Well Driller Reports 

1977 1978 1979 1988 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

EJ Stanislaus 6 Maraid . Kings Kern Fresno 
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yield, the surplus can be qpqnhted for use on non-overlying land. In no case is the safe 
yield .of an aquifer supposed to be exceeded. These judicial limitations, however, are 
currently enforced only through complex, costly and lengthy court adjudications. Because 
of the drawbacks of these adjudications, few have been fded in CaWmh 

5.4.1.3 Costs of Groundwater Development 

Although increased groundwater pumping is largely unregulated and carries a number of 
advantages, anecdotal evidence from district interviews suggests that development of 
groundwater supplies is costly. Drilling a test well in Westlands WD is rcporkd to cost as 
much as $10,000. Depending on well depth, soil characteristics and the type of pump, 
new wells in Westlands WD cost between $150,000 and $400,000. Th= cost to =furbish 
an existing well can exceed $50,000. The cost of a pew diesel pump is around $35,000 
and rental rates are approximately $2,000 per month, depending oxi size and location. 
Pump owners must commit to a standby agreement with the utility company, which may 
apply before and beyond the use period. Standby charges, maintenance and other 
incidental costs add to the cost of groundwater extraction. PG&E standby charges for a 
producer in Westlands WD, for example, wac appmximatel~ $1,000 per month in 1991. 

The variable costs of groundwater pumping depend on well depth, pump efficiencies, 
electricity rates and other factors. Arvin-Edison WSD estimated that the energy cost for 
pumping 1 AF of groundwater through its high-capacity wells is approximately $0.12 per 
foot of lift. With an average lift of 450 feet, the electricity to extract groundwater costs 
approximately $54 per AF. 

Small produceas are likely to use less powdid, less efficient pumps, many of which were 
purchased during the 1976-77 drought. A producer in Westlands WD pumping fiom 450 
feet below the surface, for example, estimated that the cost of electricity to extract 1 AF of 
groundwater was $70, or $0.16 per foot of lift, plus an additional $20/AF in maintenance 
and other variable expenses. Increasing electricity rates are convincing some producers to 

rent or purchase diesel pumps which have lower operating costs, though the purchase price 
and maintenance costs are considered higher than for electric pumps. 

Observed Responses-In only two case study districts, Westlands WD and Wheeler 
Ridge-Maricopa WSD, are estimates of producer groundwater extraction available. These 
estimates were made by the districts using a derived demand methodology, which relies on 
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. crogpink pgtterns and available surface supplies to calculate the groundwater contribution so 
.pal water application. Anecdotal i n f o d o n  on pumping levels was, obtained f& the ' 

other districts. P h e  III of the study will include a more detailed exami~tion of 
groundwater extracdm, ineluding tsthiites of prsduccfp~ing m all &W. 

Producers in Amin-I%ison.WSD extract signifhnt amounts of groundwater, ~ c u ~ l y  
in water short years. However, not all producers in the District have access to groundwater 

' supplies due to varhti01ls in the local hybgeology. T b  gromdwater table rests between 
250 and 650 feet underground with an average depth of a~proxhately 300 feet. The 

quality of the groundwater is satisfactory for most District crops. 

Producers in Central W d a  ID a h  extract si-cant amounts of groundwater. 
Groundwater pumping is particularly important to stegetable growem in the northern part of 
the District who use it for double and triple-eropphg regimes.' Farm-level Bumping 
estimates are not available. The District has a staudiwg off' to p m b  producer-l¶unped 
groundwater for $30 per AF. Even this relatively low price attracted 40 seUm in 1991. 
Groundwater quality is said to be deteriorating with the increased pumping. 

Aside fiam a few domestic use wells, producers in El Dorado ID extract very little 
groundwater. For the most part, the local hydro-geology is not conducive to development 
of groundwater supplies. 

Farm-level pumping estimates for Glenn-Colusa ID are c m t l y  not available. The District 
fepor&ed limited groundwater extraction by produceas. Groundwater pumping from the 
gravel strata beneath the surface clays may become a viable option for producers given the 
recent success of a test well drilled by DWR and the District. As the CVP contract comes 
closer to re-negotiation in 2004, the District is investigating whetha it would Be feasible to 

replace the 105,000 AF of annual "contract water" with groundwater extractions (GCID, 
Watet&'ne, October 1989). 

Lost Hills WD reported very little groundwater extraction by producers. The District 
overlies a shallow aquifer with poor quality water and very low well yields. During the 
1977 drought, some landowners dilled deep wells (880-1000 feet deep) to investigate the 
groundwater potential, but found only brackish water at 300 to 350 feet. Thexe is some 
interest by District producers to augment total supply by blending the brackish groundwater 
with surface supplies as needed in the future. 
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In Westlands WD, approximately 30,000 AF of groundwater was pumped in 1990. In 
199 1, groundwiter pumping by producers increased to 575,000 AF. lbir compam to an 
estimated "We yield" of between 100,000 and 135,000 AF per year (see Figure 5.18). 
Overdraft has led to several problems in the past including duced well yields, 
deteriorating water quality, land subsidence and increased pumping lifts and costs. The 
average pumphig lift in the District is around 450 feet, though in somc places it exceeds 
800 feet 

Roducers with excess pumping capacity may participate ih the ~iscrict'r Groundwater 
Exchange Program. This program allows producers to pump water into the conveyance 
system and sell their surface allocations to othef .District pmducm. Westlands WD also 
has a Groundwater Integratiw Program to encourage producm to pump water into the 
conveyance system in exchange for future surface supplies. This program allows eligible 
producers to pump water during low demand months for storage in District canals in 
exchange for District supplies when demand is high. This alleviates inter-temporal . 

distribution problems and augments surface water supply during peak demand when low 
rates of groundwater flow are insufficient to meet irrigation needs. 

Wheeler Ridge-Maricopa WSD is comprised of both a "groundwater area" where producers 
d y  exclusively on groundwater to meet their irrigation needs, and a "surface water sewice 
arean where producers receive SWP water. Average groundwater extractions throughout 
the District were estimated to be 53,600 AF per year between 1975 and 1989 (excluding 
1977). In 1990 and 1991, groundwater pumping in-sed to an estimated 65,200 AF and 
115,000 AF, respectively (See Figure 5.19). The District has not developed a "safe yield" 
figure to date. 

Physr'crrl Co~aints-As discussd abve, groundwatef is not available to all produm in 
the case study 'districts. Even where groundwater is available, its quality may be an 
important constraint. In Westlands WD, for example, some producers applied 
groundwater to their fields in 1991 despite total dissolved salt (TDS) levels as high as 
2,500 parts per million (ppm). Well water in Central California ID is progressively 
deteriorating, particularly around the town of Mendota. Groundwater quality is poor in the 

western portion of Wheeler Ridge-MaPicopa WSD as well. 

Groundwater is not well-suited to meet peak water demands. Flow rates from producer 
wells are generally f& ranging in the case study districts from one to five cubic feet per 
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Figure 5.18: Estimated Producer Groundwater 
Extractions, Westlands WD 

!Soarm: Westlands Water Dlstrid Facts and Figures (1989) and Communications 
with Shelley Vuicieh and Steve OtOsmoeller 
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Figure 5.6 9: EstOmated Producer Groundwater 
Extractions, Wheeler Ridge-Maricopa WSD 

Source: Communications with William Taube, WRM WSD 
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minute (2 to 10 AF per day). Larger web usually serve between SO0 and 650 acres of 
c i o p ~ ~ a ~ 0 ~ 1 ~ u c l l c + & w e k c ~ o t m c c t t h c ~ r n t c r ~ ~ t s f o r t h e  ' 

acreage of crops smed. To spxead out peak m p  demands for water some growers have 
adopted new cropping pattesns that iqcoqcmte a variety of M m m t  crops d planting 
dates. Nevertheless, meeting peak is stdl Micult for @- relying heavily on 
pmdwateraQer 

Legal Constraints-As discussed above, groundwater pumping by producers is today 
virrpsny unregulated in most of thc Central Valley, although there have ban some judicial 
adjudications and a few local agencies have obtained managekt  authority @WR, 

cdifohia Water, Looking to the F a r e  35, November 1987). If groundwater tables 
continue to fall, however, some legal constraints may come into play. First, l d  cities, 
water supplien or even individual producas may decide to file fix a judicial adjudication of 
threatened groundwater quifa in an effort to limit withdrawals to safe yield As noted, 
adjudications are extremely complex and costly. Because g o v ~ e a t d  records of 
gromdwater users are incomplete at best, even determhbg the appropriate parties to an 
adjudication is difficult. ' Once the =levant parties have bem cletemh* adjudications still 
often take yews and consume mWons of dollars in resolving such issues as the relevant 
boundaries of the basin, the safe yield of the basin and the appmpriate apportiment of 
that safe yield among the various users. These drawbacks, combined with considerable 
uncertainty about Wornia  groundwater law and thus the likely results of an adjudication, 
have deterred groundwater users fiom seeking adjudications in the past. Continuing threats 
to a groundwater aquifers nonetheless, may lead to adjudications m the future. 

C m t l y ,  most higation, water and water storage districts in the Central Valley enjoy little 
if any power to =@late or charge for groundwater use when the district has not spread or 
otherwise increased the groundwarn supply. Water storage districts have the authority to 
charge for the groundwater that the district supplies (which would arguably include water 
that the district spreads). The Kern County Water Agency (KCWA) has authority to levy 
groundwater charges in improvement districts when users will benefit from the Agency's 
recharge operations and voters have authorized such charges. To date, the KCWA has 
imposed a pump tax only on users within the W t e r  Bakersfield Area. 

Some of the producers and district officials interviewed su&ested that districts might n& 
to seek greater legislative authority if groundwater problems continue. The most common 
powers granted to local institutions through previous special acts include the authority to 
require registration of groundwater wells, to meter groundwater ex~ctions, to impose 
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replenishment assessments on area users and to impose pump taxes. The level of pump 
taxes has generally been limited to either a small fixed sum or to the amount needed to 
cover district groundwater services. A few new districts have been given authority to 
directly restrict groundwater pumping. Such statutes generally provide that allocations of 
available groundwatex among district users should be based on acres owned and fkmed, 
taking into account crop type and reasonable need (see Cal. Water Code, App. sections 
119-709.5, 128-709, 129-709, and 129-710). 

Local districts, however, may find groundwater managementdifficult even if they have the 
necessary authority because current district .borders will often not be coextensive with the . 

borders of the relevant groundwater basin. As a result, it is also possible that Central 
Valley producers may form new local agencies in the future explicitly to -age local 
groundwater resources. 

Impacts-The likely short and long-run impacts sf increased groundwater pumping 
identified in Phase I1 of the study include: 

Impacts of SubstDtutOon of Ground 
for Surface Water 

Higher variable water costs related to energy demand 

Increased expenses and long-term liabilities related to 
refurbishment or purchase of wells 

Increased opportunities for well drillers and other 
related industries 

Greater stability in local agricultural production 

Potential decline in water.quality and subsequent 
reductions in crop yields and/or changes in cropping 

Potential aquifer collapse and consequent losses in 
storage capacity and land subsidence 

Potential lower water quality or increased pumping 
lifts for surrounding farms and communities 
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5.4.2 Water Transfers by Producers 

5.4.2.1 Introduction 

One of the most frequently mentioned mechdsms.for mediating surface water supply 
shortfalls is wat& transfen. In most contexts, water %Pmsfers are linked to the 
development of water "markets" wherein water flows to its most valuable uses. Economic 
theory suggests that water markets would mhimh the economic losses associated with 
reduced water supplies. As will be discussed below, however, currently there. are 
significant consbrdnts whifh impede water transfers and limit their rok in the adjus&ent 
process. 

Water transfers fall into two categories: water transferred within a district (intradstrict) 
and water transferred from outside a district (external). .Recognition of this division is 
important h a u s e  the two types of transfers face considerably W&ent, legal, institutional, 
physical and economic ~onstrahts. Generally speaking, inm-district transfers have . 

occurred with some degree of regularity, even in years when full district allocations were 
available. External transfers, however, occur more frequently when surface water supplies 
have been reduced. In either case, California law requires that parties transferring water be 
granted the "use of a water conveyance facility which has unused capacity, for a period of 
time for which that capacity is available, if fair compensation is paid for that use" (Cal. 
Water Code section 1810). 

Both the state and f e & d  governments helped facilitate transfen in 199 1. The California 
Department of Water Resources established a "State Water Bank" that provided water to 
urban agencies and growers at $175 per AF plus conveyance charges from the Delta. In 
addition, USBR "hardship water" was available to producers within CVP districts who 
required emergency supplies to maintain permanent planting. 

Observed Responses-In Amin-Edison WSD there were few, if any, transfers of water 
from outside the'District in response to drought-induced water scarcity. Within the District, 
however, transfers are allowed and there seems to have been a fair amount of activity in 
1991. At the begiming of the. season, .the District purchased surplus allocations from 
prodlucers for $100 per AF. The District then sold these supplies on a "first come, fmt 
serve" basis to producers for the same price. As of June 1991, "contributed" water 
exceeded "requested" water by approximately 1,900 AF. 
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- .  In Central California ID there were also few, if any, transfers of water from outside the 
District in response to reductions in allocations to producers in ,1991. In normal years, 
however, the Your entities" served by the USBR exchange contract (Central California ID, 
Columbia Canal Company, San Luis Canal Company and Firebaugh Canal WD) use an 
informal system of transfers to &tribute surplus supplies when they were available. Intra- 
district transfers are also allowed, although CCID does not pennit producers to sell their 
wa& at rates higher than what they paid. . 

Full water supplies have been available to producers in El Dorado ID throughout the study 
period. As a consequence, there has been little incentive for producers to transfer water 
within the District, or to arrange transfers from outside the District. If transfers became 
necessary, the relatively high elevation of the District would make it difficult to receive 
water from sources other than upstream users on the American River. 

Given the reliability of Glenn-Colusa ID'S water supplies and relatively low .prices and Kgh 

per-acre allocation levels in critical years, there is little incentive for District producerS to . . 

arrange for private transfers from outside the District. Within the District, however, there 
is a significant number of transfers. While GCID does not keep track of prices, most 
believe that water was traded in 1991 at levels twice that of District rates. 

In the 1980s, when the SWP entitlement for Lost Hills WD was increasing, many 
landowners engaged in intra-district transfers to reallocate supplies from one area to 
another. In recent years, producers have leased land with the intention.of leaving the 
h d  fallow and transferring the water allocations to their primary cropland. In 1990, this 
strategy paid off, as producers were able to consolidate per-acre allocations and have 
sufficient water to irrigate a portion of their acreage. However, in 1991, when SWP . 

allocations were cub 100 percent, such transfers were no longer an option. 

External transfers were a very important alternative supply for LHWD in 1991. Three 
transactions arranged by producers accounted for 10,200 AF of water entering the District 
Two of these transfers originated from a private company that sold groundwater to District 
producers. The third was by a landowner who transferred water allocated to land owned in 
another district to his operation in Lost Hills. Producers in Lost Hills WD also purchased 
approximately 6,000 AF of water from the state Water Bank. The cost was $175 per AF at 
the Delta. After conveyance charges to the District were added, the cost to producers was 
appro*tely $200 per A .  plus intra-district conveyance charges. 
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In Westlands WD, water transfers are very.important because even n o d  year allocations 
to some parts of the District are insufficient for growing prevailing crops. Intra-district 
transfers are quite common. The situation is complicated, however, by the division of the 

District into three priority areas (PAS). S p a  rules govern where producers in each PA 
a n  transfm their water as stipulated in the 1986 Barcellos Judgment In water short years, 
for example, transfers can occur within the three PAS, but in g e n d  not fiom PA #1 to 
PAS #2 and #3. 

These rules do not apply to groundwater pumped by producers. Thus the Groundwater 
Exchange Program allows producers to pump groundwater and sell their surface water 
aUocations to other producers located anywhere in the District. In water year 1990191, 
more than 14,700 AF of water were transfemd in this Program, and between March and 
July of 1991 another 9,025 AF of water were transferred. Approximately 4,500 intra- 
&strict transfers took place im water year 1990191. A significant amount of water has beem 
-sf& from outside the District as well. In water year.1989190, there were 26 District 
and privately negotiated water transfers from outside Westlands. I .  199019 1, that number 
increased to 44. WWD does not'keep track of the price growers pay for transfenwi water. 

In April 199 1, pmducm in Westlands WD requested approxiinately 6,000 AF of water 
from the State Water Bank. In June and July they requested another 1,8 10 AF and 1,200 
AF, respectively. The cost on delivery was approximately $205 per AF. While initially 
only ordering water on the basis of producer =quests, in July 1991, W.estlands WD began 
to keep a bufTer supply available for peak demand in order to reduce the processing and 
delivery time. 

USBR "Bardship" water (i.e., extra contract water provided but not "transfer" water as 
such) has been particularly beneficial to producers in PA #2. They were offered 1.2 AF 
per acre for their permanent plantings at the same cost as their normal allocation. In fact, 
the availability of haadship water raised their total 1991 water deliveries to a higher level 
(1.5 AFlacre) than in non-drought years (1.3 AFlacre). 

Field interviews revealed that producers with permanent plantings purchased a bulk of the 
external water transfers. Keeping orchards and vineyards alive has financial benefits that 

extend beyond a single year. Many producers said they inmded to apply enough water to 
obtain a normal yield. They pointed out that the marginal benefit of bearing a full crop was 

higher than the marginal cost of the additional water, even at $200 per AF. Producers 
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growing annual crops utilized the high cost transfer water for critical irrigations near the 
end of the growing season. Jn a few cases, producers purchased water to keep important 
members of their farm organization (mauagers and faffmen) employed. 

Wheeler Ridge-Maricopa WSD allows intra-district transfers of surface wat& between 
h d s  with water service contracts and unrestricted groundwater transfers. 1n' 1991, the 
District charged $5.00 per AF of transferred water plus power costs associated with 
wheeling. The District does not regulate prices negotiated in these transactions. As was 
the case'for Lust Hills WD, producers atso leased land to obtain water allocations in 1990. 

Private transfers from outside the District were an important alternative supply in 1991, 
accounting for 'more than 8,000 AF of water. Two of these transfers involved exchanges 
from lands located adjacent to the Cross-Valley Canal. A third involved 2,000 AF of water 
transferred from land in the sewice area of the Antelope Valley-East Kem Water Agency by 
a landowner who also owns land in Wheeler Ridge-Maricopa WSB. The fourth transfer 
was from another member unit of the KCWA 

It is interesting to note that no WRM pmdu- requited water h m  the S t .  Water Bank. 
This water could have been purchased for between $210 and $255 pex AF (depending on 
the Aqueduct Reach) plus intradistrict conveyance charges. According to District 
personnel, producers simply could not justifv purchasing State Bank'Water at that price. 

Constraints-Constraints vary considerably depending on whether a proposed transfer is 
intra-district or between producers in different districts. Physical constraints limit the 
extent to which external transfers can alleviate shortfalls. The state's conveyance facilities 
do not link all producers nor even all production areas. The most likely transfers-from 
the Sacmimento Valley to the San Joaguin Valley-must pass h u g h  the SacramentoISan 
J0agui.n River Delta. Insufficient capacity in the conveyance systems M t s  the ability to 
move water "on demand* since transferred water can only claim residual conveyance 
capacity. Water flow requirements for fish and wildlife protection constrain the availability 
of water for transfer. Fume Bay-Delta water rights decisions by the SWRCB based on 
new water quality standards are likely to further restrict avkable supplies for transfer. 

External transfers are also constrained by the lack of a functioning market. At present, it is 
difficult for buyers and sellers to frnd each other and negotiate a trade. In 1991, some 
districts went so far as to advertise in newspapers to fmd willing water sellers. The 
California legislature, however, has sought to improve communication between potential 
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market participants, instructing DWR to inaintain a "list of entities seeking to.entex into , 

warn supply transfers. . . and a list of physical facilities available to transport the water" 
(Cat Water'Code section 48 1). 

Legal, adminhmdvt and ktitudonal ~ ~ t s  also b i t  extempl pla&s as an option 

md increase the costs associated with such transfers. Chapter 4 discussed the principal 
legal and institutional constraints on external transfers in connection with transfers by . 

districts. As noted, constraints include (1) judicial limitations on the transferability of some 

rights such as riparian surface rights; (2) the need to obtain the approval of the SWRCB for 
most transfers of appropriative rights; (3) statutory limitations on transfers of warn that is 
c-tly held by local districts; and (4) restrictions on CVP water transfers imposed by 

fedend law and the Bureau of Reclamation. Transfers k t l y  to producers may also 
trigger additional re@ements or restraints. Under state law, for example, a district carmot 
transfi5r water to a usez w i t h  the boundaries of another district without the "prior consent" 
of the transferee's district (Cd. Water Code seztion 385). 

Special problems are presented when a producer wishes to transfer its district water 
allotment to a producer within another district. Recent legislative enactments have 
recognized the value of permitting and even encouraging water users within a district to 
conserve or forego their water entitlement and to transfer that water to users outside the 
district, but only when the district itself is involved and approves of the transfer. Chapter 
3.6 of the California Water Code, for example, authorizes water users and districts to agree 
"upon mutually satisfactov tenns" th@ the district will transfer water that the user agrees to 
Wbrego use of for the duration of the t fansfg (Cal. Water Code sections 382 and 383 (b)). 

As part of its emergency responses to the continuing drought, moreover, the legislature in 
1991 provided that until the end of 1992, a water supplier could (1) contract with water 
users within its district "to reduce or eliminate their use of water" and (2) transfer that water 
to the State Water Bank or to anothek water supplier (Cal. Water Code section 1745, AB 9 
sections 1-2). 

No statute, however, has suggested that a water user within a district has any authority to 
transfer its water allocation directly to another user outside the district except through and 
with the approval of the district itselfIf Indeed, the emergency legislation just summarized 
explicitly notes that the legislation should not be construed to "imply that any person 
reducing water use has any interest in the water rights of the water supplier" or to give any 
penon a right to require thedistrict to transfer any water (Cal Water Code section 1745(c)). 
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. Intra-district transfers do not generally face the same degree of constraints as external 
transfers. Because of the existence of district conveyance and storage facilities, intra- 
district transfers frequently do not present physical problems. Determination of potential 
buyers and sellers is far easier. As discussed already, in fact, some districts like Arvin- 
Mison WSD and Westlands WD actively promote such transfers by serving as a clearing 

house for buyers and sellers. Intra-district transfers, moreover, do not generally trigger 
any federal or state quirements or limitations. As discussed in "Obseryed Responses," 
however, local rules and regulations may still limit intradistrict transfers or regulate the 

0 .  

tenns of such transfers. 

> 

Impacts of Water Transfers 

Increased unit water costs from the purchase of higher 
priced water and' associated transactions costs 

Increased net revenue 07 transferring parties 

~aintained/increased/decreased net revenue of 
receiving producers and areas, depending upon crop 
yields and prices 

some smoothing in variability of production 

Potential groundwater overdraft and related impacts 
where groundwater substituted for, or was pumped 
expressly for, surface water transferred to another 
location 

Potential reduction in .economic activity in locations 
where transfers originate 

Potential disputed property rights of transferring parties 

Potential for overall net increase in California income and 
employment 
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5.5 Adjusting Water Demand to Meet Producer Objectives . 

Economic theory suggests that producers equate the marginal value product of warn with 
its marginal cost Accordingly, the responses and adjustments made by producers to 

reductions in water availability are explained by the relative increase in the m a g i d  cost of 
water brought on by scarcity. This marginall increase explains producers9 decisions to 
optimize water utilization, either through fallowing low value crops, reducing per-am 
water applications or by improving irrigation efficiency. In this section changes in . 

cropping pattems will be examined along with reductions in per-acre water application 

rates. 

5.5.1 Changes in Cropping Patterns 

5.5.1 -1 Introduction 

Drought-induced water scarcity may cause producers to take some cropland out of 
production or shift to Merent crops. Changes spurred exclusively by water scarcity, 
however, are dficult to diffmtiate from changes caused by other factors such as relative 
cmp prices, federal commodity program rules, tnditiond rotation 'and pest control practices 
and coinciding weather patterns such as the. 1990 freeze. In 199 1, for example, the prices 
of many commodities produced in California were expected to increase, 
encouraging producers to devote more land to pduction if water supplies were available. 
Figures 5.20,5.21, and 5.22 illustrate the relationships between planted acreage and crop 
prices for cotton, rice and alfalfa, respectively. The expected lagged aesgonses to increased 
Mces are clear for cotton but diverge from expectations for alfalfa, and especially for rice. 

5.5.1.2 Changes in Planted Acreage, 1989 and 1991 

Changes in planted acreage between 1989 and 199 1 (a critical water year) a& presented 

aggregately and for each case study district in Table 5.11. The figures are! based on district 
crop data. Total acreage figures are hther disaggregated by annual and permanent crops 
and by commodity program crops, principally cotton and rice. Pennanent crop acreage 
encompasses both bearing and non-bearing acreage since separate data were not available 

Ag, Emn StudylCEPRlStanferd University 



PHASE II DRAFT 

Figure 5.20: Cotton Price and Acreage, Case Study Districts 
Nominal prices deflated with USDA Producer Price Index. 
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Figure 5.21 : Rice Priw and ~ c i e a ~ e ,  Case Study Districts 
Nominal prices deflated with USDA Producer Price Index 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

-D price level * acreage level 
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Figure 5.22: Alfalfa Price and Acreage, Case Study Districts 
Nominal prices deflated with USDA Producer Price Index 

0 real price * acreage level 
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Table 5.11 (continued) 
Crop Category 

Vegetable Acreage 
% of Total 
% ot District 
% Change '89 to '91 
Tomato Acreage 
% of Total 
% of District 
% Change '89 to 91 
Notes: Data for 1991 is preliminary andl incomplete. Miscellaneous crops are listed as gannual.' Commodity program crops (cotton, rice, corn, wheat, barley, 
oats and sorghum) are eligible 'to receive program benefits, though only a fraction of the acreage is actually enrolled. AN acreage planted to .grainm wm 
assumed to be eligible for the commodity programs. This may overstale total eligible acreage. 

AWSD 
1989 1991 
12495 16972 

11 16 
13 18 

36 
' 0 0 
0 0 
0 0 

0 

CClD 
1989 1991 
7430 4256 

7 4 
5 3 

-43 
5438 4227 

6 4 
4 3 

-22 

EID 
1989 1991 
. 0 0 

0 0 
0 0 

0 
0 0 
0 0 
0 0 

0 

WRY 
1989 1991 
20428 17329 

18 16 
23 26 

-15 
0 0 
0 0 
0 0 

0 

TOTAL 
1989 1991 
113700 107153 

100 100 
11 12 

. - 6 
80369 116753 

100 100 
8 13 

29 

GClD 
1989 1991 

0 . 0  
0 0 
0 0 

0 
4020 5370 

4 5 
4 6 

33 

LHWD 
1989 1991 

0 0 
0 0 
0 0 

0 
. 0 0 

0 0 
0 0 

0 

WWD 
1989 1991 
73347 68596 

65 64 
14 15 

- 6 
80903 107156 

90 92 
16 23 

32 
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for most districts. Changes in acreage for specific key crops--cotton, rice, alfdfa, 
vegetables and tomatoes-are also presented. 

As the last column indicates, total planted acreage declined 11 percent between 1989 md 
1991, from over one raillion acres bs bss than 900,000 acres. In absolute terms, 50 
~ e n t  of the acreage decline occurredl in Weshds  WD, but ~ c p o r t i o d y  to total district 
acreage, the largest declines were h Lost Hills WD (3()%), Wheeler Ridge-Maricopa WSD 
(26%), El Dorado ID (22%) and Glenn-Colusa ID (19%). 

Over all districts, annual crops accounted for 87 and 86 percent of total acreage in 1989 and 
1991, respectively, while permanent crops occupied the remaining 13 and 14 percent. As 
the last two columns in Table 5.1 1 indicate, on an aggregate level the change in acreage 
between 1989 and 1991 was entirely in annual crops (13 percent decline), while acreage in 
permanent crops, bearing and non-bearing taken together, ~mained stable overall. This is 
not unexpected given that USBR "hardship" water was supplied to C W  districts explicitly 
for pfmrment crops, and that DWR State Water Bank water was available for distribution 
at the rate of $175 per AF upon request. These emergency supplies w m  utilized widely by 
producers of permanent crops to protect their long-term investments. 

Cotton accounted for over half of the acreage ,decline (61,000 acres). Cotton tends to be 
the main "swing" crop during water short years, particularly in the southern San Joaquin 
Valley. Commodity program regulations also affect cotton acreage decisions as discussed 
in the next section. Rice, alfalfa and vegetable acreage for al l  districts, aggregately, 
declined by 24%, 6% and 6%, respectively. Other row mps not shown in Table 5.11 also 
experienced acreage reductions in 1991, including corn, wheat and barley. Acreage planted 
to processing tomatoes, however, increased by 26,384 acres or 29 p e n t  between 1989 
and 1991. Most of the increase occurred in Westlands WD where tomatoes partially 
substituted for reduced cotton acreage. Tomato acreage also increased in Glenn-Colusa ID. 

Observed Responses-Changes in acreage planted between 1989 and 1991 for each case 
study district are portrayed in Figure 5.23. The changes range from a three percent 
increase in acreage in Arvin-Edison WSD to a 30 percent decline in Lost Hills WD and a 32 
percent decline in the "surface water service aream of Wheeler Ridge-Maricopa WSD. More 
detailed descriptions of the cropping patterns follow below.. 

In Arvin-Edison WSD, dotal planted acreage in 1991 increased by about three percent as 
compared with 1989 (92,8 18 acres vs. 95,371 acres). Reduced water allocations to h i n -  
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Figure 5.23: Percent of Acreage ' Planted in 1991 as 
Compared to 1989, Case Study Districts 

Source: District Crop Surveys 
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Edison producers were supplemented in most cases by on-farm groundwater pumping. 
The two leading crops, grapes and potatoes, increased acreage by four and five percent, 
respectively, while the third crop, cotton, declined by 25 percent. Grain acreage also 
declined while vegetable and citrus acreage increased. Fallow acreage declined by nearly 
70 percent or approximately 5,000 acres. Tabb 5.1 afld Figure 5.24 provide more 
complete iaformation. 

&veral factors unielated to water supplies that have influenced planting decisions in Amin- 

Edison include: 1) multi-year potato contracts with the nearby Frito-Lay processing plant; 
2) an increased number of marketing opportunities for citrus through ~Jnkist; 3) increased 
demand for table grapes over varietal grapes; 4) a significant decline in cotton yields 
@&ally. due to deteriorating air quality); and 5) relatively cheaper f a d  values in the 
southern San Joaquin Valley as compared with the Sahas Valley making the fobmef more 
competitive for vegetable crop cultivation. 

In Central W o r n i a  ID, total planted acreage remained nearly the same between 1989 and 
1991, Beclinhg by only one percent. Reductions in water allocations to CCID producers, 

15 p e n t  on average, were partially offset by on-fann groundwater pumping. Cotton and 
alfalfa acreage in the District increased significantly, by 3 1 and 10 percent, respectively, 
while acreage in beans, grains, corn, rice and sugar beets declined. Table 5.2 and Figure 
5.25 give more detailed information. 

In El Dorado ID, total planted acreage in 1991 decreased by an estimated 22 percent as 
compared with 1989. While total planted acreage is declining in the Districd, the tendency 
is toward high production (plarnt density) per acre, increasing per acre water requirements. 

Water availability to EID producers has not changed in recent years, although conservation 
is actively encouraged through the IMS Program and many farmers have improved their 
irrigation efficiency. Between 1989 and 1991, acreage in irrigated pasture, hay and pears 
declined, while acreage in cheny trees and vineyards increased. See Table 5.3 and Figure 
5.26 for more complete information. 

The most important clpp change in EID over the last few decades was the dramatic decline 
in pear production caused by the "pear blight" disease and changes in market conditions. 
Production fell from 52,000 tons in the 1960s to only 4000 tons in 1990. Irrigated pasture 
for cowlcalf operations is also on the decline in the District and is reported to be the crop 
most likely to be affected by future water price increases. Demand for h i t  .from EID may 
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Figure 5.24: Cropping Pattern Changes, Awin-Edlson WSD 
Source: District Crop Surveys 
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? 
Figure 5.25: Cropping Pattern Changes, Central California ID 

Source: District Crop Surveys 
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Figure 5.26: Cropping Pattern changes, El Dorado ID 
Source: District Crop Surveys 

irrgtd pasture 

hay 

nursery 

grapes 

plums 

peaches 

cherries 

apples 

pears 

Acres 

Ag. Econ StudylCEPRlStanford University 



February 14,1992 PHASE ll DRAFT 

be more price inelastic than in other areas because of its premium export quality and direct 

marketing activities through the Ranch -ting Program. 

In Glenn-Colusa ID, total planted acreage deaased by 19 percent between 1989 and 1991, 
mainly in its principal.crop, rice (19,500 acres). Tomato and alfalfa acreage increased, 
while acreage in clovm, sugar beets and orchard crops declined Table 5.4 and Figwe 5.27 
provide more idomt ion  on GCID cropping patterns. GCID's duetiom.in total water 
availability of approximately 22 percent in 1991, compared to average levels, was passed 
on to District growers through a maximum allocation of 3.85 AF per acre of deeded land. 
On-fann groundwater pumping to supplement surfice water shortages is a limited option in 
certain areas. 

In h t  Hills WD, total planted acreage in 1991 decreased by about 30 percent as compared 
to 1989, or just over 13,000 acres. Cotton acreage declined dramatically, by 81 percent or 
more than 15,000 acres. In all, the number of acres planted to row crops in the District 
declined by 49 percent. Acreage in pemment plantings increase$ however, principally in 

pistachios (by 33%). Table 5.5 and Figure 5.28 provide more complete information. Lost 
Hills ID producers received only 21 percent of their n o d  per acre water allocation in 
1991. A few producers purchased additional water from outside the District, however, on- 
farm groundwater pumping was not a viable option. . 

Total planted acreage in Westlands WD decreased by approximately 11 percent between 
1989 and 1991 (58,020 acres). Westlands producers received only 23 percent of their 
normal per acre water allocation in 1991, however, most producers were able to 
supplement reduced allocations with on-farm groundwater pumping andlor intra-district 
and extemal water transfers, including USBR "hardship" water for permanent plantings. 
Over 50 percent of the acreage decrease is accounted for by a 13 decline in cotton acreage; 
acreage also declined in alfalfa seed and hay, vegetables, barley and wheat. Acreage in 
processing tomatoes increased markedly over 1989, by 32 percent or 26,253 acres. Thus, 
there appears to be some substitution of tomato acreage for lost cotton acreage. Fallow 
acreage in Westlands increased by nearly 40,000 acres between 1989 ' a d  1991, or 61 
percent. See Table 5.6 and Figure 5.29 for more detailed information. 

In Wheeler Ridge-Wcopa WSD, acreage in the '6surface water service area" (SWSA) 
declined by 32 percent as compared with only a four percent decline in the "groundwater 
area" (GWA). In total, there was a reduction in planted acreage equal to about 25 percent, 
or just over 23,000 acres. Acreage in annual crops declined even further, by 38 percent, 
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Figure 5.27: Cropping Pattern Changes, Glenn-Colusa ID 
Source: District Crop Surveys 
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Figure 5.28: Cropping Pattern Changes, Lost Hills WD 
,Source: District Grop Surveys 
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Figure 5.29: Cropping Pattern Changes, Westlands WD 
Source: District Crop Surveys 
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while acreage in permanent crops (grapes, fruit and nut trees, citrus) increased. F'lanted 
acreage in cotton, the District's leading crop, decreased by 55 percent, and acreage in 
vegetables and alfalfa declined by 15 and 31 percent, respectively. Fallow acreage in the 
District almost doubled between 1989 and 1991, increasing by nearly 28,000 acres. Table 
5.7 and Figure 5.30 provide more complete information on changes in WRM cropping 
pattern. District water %11ocatiom to producers in 1991 mged from 13 to 26 percent of 
normal, depending upon base contracts. Producers in the GWA relied exclusively on on- 
farm pumping for iriigation. Producers in the SWSA supplemented reduced allocations 
with htra-dhtrict and external water lransfers. 

Constraintdederal Commodity Programs: The federal commodity programs provide 
financial assistance for the production of seven basic row crops: corn, wheat, barley, 
cotton, rice, oats and sorghum. Program benefits are based on Congressionally-mandated 
"target prices" which most often exceed market prices. Participating producers are paid the 
Werace between the m e t  price and the market price fa a set quantity of production that 
is &&mined by current and historical yields and acreage. 

The federal cofltnodity programs affect cropping decisions in two important ways. First, 
since payments are based on current and historical acreage planted to an eligible crop, 
producers qay be reluctant to shift away from a commodity crop for a single year. Such a 
shift would affect not only the payments made ii~ that.year, but also payment levels in 

future years. This suggests that districts with significant acreage enrolled in the commodity 
grograms may experience fewer crop shifts than otherwise expected, depending upon water 
availability and costs. 

Secomd, aggregate drought-induced production shortages could well result in market prices 
that exceed program target prices for certain crops in certain years. This would provide an 
incentive for farmers with access to water to leave those programs which impose 

. 

mandatory set-asides. However, the expected returns h m  this decision would have to be 

compared with the financial assistance provided by special program options (e.g. 0192 and 
50192) for growers that agree to idle a significant portion of their eligible acreage for a 

given crop year. 

Participation in the federal commodity programs is voluntary and varies by crop and 

location. The actual number of acres enrolled in the programs was not determined for the 

case study districts during Phase II. Information on commodity program participation rates 
will be collected and analyzed in Phase IJI of the study. 
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Figure 630: Cropping Pattern Changes, wheeler Ridge- 
Maricopa WSD 

Source: District Crop Surveys 
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The number of acres planted to crops eligible for the programs was tabulated (see Table 
5.1 1). In 1989, almost 50 p e n t  of the acreage in the case study districts, just ovkr one- 
half million acres, was planted to eligible crops, msainly cotton and rice. With respect to 
individual'districts, the proportion varied h m  zero p e n t  in El Dondo ID to 55 percent 
in Westlands WB (cotton) and 73 p e n %  in Glenm-Colusa'ID (rice). In 1991, the number 
of acres planted to eligible crops in all 'districts as a percentage of total acreage dropped to 

43 percent, or just over 380,000 acres. 

Contracts with Processors: Many specialty crops (e.g. processing tomatoes, garlic and 
onions) are grown under contract for processors. These contracts specify, among other 
things, the day a crop will be delivered to the processor, the quality of the crop and the 

price. Average returns to producers are generally higher for these contracted crops than 
for crops sold on the open market. The stable paofits that many contracts afford provide a 
smmg incentive to meet contract obligations even when they require producing at a loss in 

. the short-run. 

As a result, producers with contracts will not switch their cropping patterns unless the 
benefits exceed the long-term profits from the contract. In rice production, multi-year 
contracts with rice drying and milling operations stabilize or increase profits, but they 
reduce flexibility with regard to cropping decisions. 

Marketing Opportunities: Some marketing opportunities may take a long time to develop. 
Fluctuations in production levels m y  jeopardize certain markets not just in the current year, 
but also in years to come. Rice growers in Glenu-Colusa ID, for example, have worked 
hard to develop a domestic market for long and medium-grain rice varieties. They are not 
likely to switch to another crop in the face of short-run water scarcity because of potential 
negative effects on their domestic market share in the future. 

Agronomic and Climczre Comzrrints: Not all locations are suitable for all crops. In parts of 
Glenn-Colusa ID, for example, the high clay content in the soils makes it Micult to grow 
crops other than rice. Even within a district there are significant limitations that affect 
whem crops can be grown. In the northern part of Central California ID, vegetables are 
double and even triple-cropped. In the southern par% however, it is too hot to grow 
vegetables. 

Management Expertise: Not a l l  producers know how to grow all crops. Even where 
equipment can be rented or leased and other conditions are right, it 'is difficult to profitably 
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grow a crop with which a producer has little experience. Some producers may try tc. 
continue fanning in the face of water scarcity to ensure key employees shy on the faim. In 
Lost Hills WD, for example, some growers maintained a base level of planted acreage to 
avoid laying-off farm managers and foremen. 

Timing of Allocation Announcements: Producers cannot make instantaneous decisions 
about the crops they grow. Nevertheless, they are often informed of water supply 
allocations very close to, or after, their planting date. In Westlands WD, for example, 
allocations are announced in February, at the earliest, s h d y  before planting in Mirch and 
April. This problem is particularly acute for growers who make 'large pre-planting 

' 

investments. A producer in Glenn-Colusa ID reported that the expenses fm crop specific 
soil preparation, chemical applications and p~-irrigation are incurred before water 
allocations are known, making it costly to switch crops or fallow land at'a later date. 

Direct ~wnersh$ of Processing Md Marketing Infrastructure: Ownership interest in 
processing equipment and marketing cooperatives affect the production decisions of some 
producers. In Glenn-Colusa ID, for example, many rice growers have an ownership 
interest in rice drying and milling facilities. In h s t  Hills WD, some producers are 
members of a growers' marketing cooperative. In Westlands WD, several cotton 
&ducers also own cotton gins and vegetable growers own cooling and packing plants. In 
all of these cases, profit-maximizing decisions extend beyond crop production and into 
processing and marketing. ~roducers with these other investments have an added incentive 
to maintain supply levels because their returns are Wed to the volume of product that 
passes through the processing and marketing channels. 

Impacts-The observed responses described above indicate that not a l l  case study districts 
were affected by crop &age reductions or significant crop shifts. Furthermore, not all 
acreage reductions or crop shifts can be attributed to water scarcity md/n higher water 
costs. To the degree that producers did respond by fallowing land and/or changing crop 
patterns the following impacts can be e x p e c ~  
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Impacts of Cropping shlks 

Changes in input demand from 'backward-linked" 
industries (e.g. machinery, fertilizers, pesticides, 
water, labor) 

Changes in composition of farm labor requirements 

Changes in farm output and input supplies and costs . 
for "forward-linked" industries 

0 .  

Potential changes in producer and consumer prices 

Potential changes in federal government outlays for 
commodity program payments 

5.5.2 Lower Water Application Rates 

Producers may respond to water supply reductions by altering pea-acre water application 
- rates. In theory, warn application rates should be determined by bringing into equilibrium 

- the marginal benefits and marginal costs of wat&. Lowering water application rates may 
"s&s" plants,. and reduce crop yields. The range of substitution possibilities of water for 
non-water inputs for mahtaining yields is not expected to be very large. Reductions in 

WE& application rates should not be c&sed with efficiency improvements hat allow the 
same level of p h t  growth (i.e. yields) with less water. 

Observed Responses-ANin-Edison WSD reported that some landowners in the "surface 
water service area" who did not have wells may have stressed their plants as a response to 
drought-induced water scarcity. 

In Central California ID it was reported that the same amount of water was ,available to 
crops, although leaching rates declined. In the long texm. yields will decline as the salts 
concentrate in the soil. The quantity of drainage effluent will decrease with reduced water 
application, however, the drain water quality is likely to deteriorate with inadequate 
leaching. 
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In El Dorado ID, water was available "on demand" for approximately the same price as 
previous years. As a consequence, there was no incentive to reduce per-acre application 
rates. 

Likewise, in Glenn-Colusa ID there were no reports .of any reduction in water application 
rates, explained in part by the District's "per-acre'l method of charging for waterater 

Lost Hills WD reported that producers used scarce, expensive water to protect large 
investments in permanent crops. In general, water was applied at rates sufficient to 
produce normal crop yields. In most cases it appeared that the marginal cost of the 
additional water was less than the marginal b e f i t s  derived from n o d  yield output, as 
opposed to higations for plant survival alone. 

According to Westlands WD personnel and producers, crops were supplied "with all of the 
water they needed" in 1991. According to one grower, there is "very little substitution 
possible" be&n water and nutrient applications. Permanent crop holdings in Priority 
Area I1 received USBR emergency water, eliminating the need to stress pladts. There is 
also evidence of new plantings of vines and trees in the District. 

.Wheeler Ridge-Maricopa WSD reported that at the 'margin it made economic sense to 
provide adequate water for the permanent crops to produce high yields, rather than limit 
irrigations to merely keep the plants alive. 

Constraints-Producers using flood and furrow systems have less. control over flow to 
assure uniform distribution to their crops. This increases the risk of stressing plants with 

lower water application rates. Drip and sprinkler system are able to apply more uniform 
amounts of water providing produceas with better higation control and more flexibility for 
reducing water application rates. 

Impacts-Determining optimal water application levels per crop under water scarce 
conditions requires a great deal of agronomic and economic inforxiation. Final crop prices, 
for example,' bear heavily.on the value of lost production when yields are affected. 
Nevertheless, opportunities for stressing plants occur throughout the growing season and 
decisions must be made when final prices are uncertain. 

It is difficult to determine the extent to which a certain amount of water-stressing will affect 
yields both in the c m n t  year and in future yea& for permanent plantings. Site-specific 1 
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factors such as soil type and the number of calorie-days in the growing season may affect 
fd yields to a much greater extent than slight reductions in water applications. These 
confounding factors make it difficult for a producex to estimate the quantity of lost 
producfion associated with water scarcity. 

lmpacta of Reducing Applied Water 

Increased salt concentrations in the soil 

Reduced drainage effluent 

Variable yield effects with consequent effects on 
related industries 

IncreasetYclecreased demand for irrigation labor 

5.6 Mechanisms for Using Water More Efficiently 

Irrigation efficiency is often defined as the ratio between the amount of water applied to a 
field and the water needs of the crop (plus leaching requirements and unavoidable losses 
minus effective precipitation). Improved efficiency entails producing the same amount of 
pfoeuct with less water. Economic theory suggests that investments in irrigation efficiency 
improvement will take place if the marginal benefits of the water savings are larger than or 
equal to the marginal costs of achieving those savings. Marginal benefits are highly 
dependent on the price of water, but they also may include improved product.quality, 
higher yields and reduced drainage effluent. 

5.6.1 Irrigation Improvements 

There are two categories of efficiency improvements: adoption of more efficient higation 
system and employmmt of higher levels of management. Adoption of more efficient 
technologies depends upon favorable economic conditions, namely: economic incentives, 
that is, high water rates andlor technology subsidies; 2) high elasticities of marginal 
productivity with respect to water (i.e. crop output is elastic with respect to small changes 
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in water application); and 3) sufficiently high crop returns to justify the incremental 
investment and va&ble costs associated Mth water-saving technologies. Furthennore, the 
effectiveness of low volume irrigation systems, such as sprinkler and drip, depend upon 
local topographical, soil, water quality and weather conditions. 

Improved management can also increase irrigation eff~ciency. Management practices that 
can reduce water use without affecting crop yields include: 1) use of specialized equipment 
and computers to monitor soil moisture levels and weather conditions; 2) frequent 
monitoring of tailwater levels; 3)  use of gated p i p  to Rduce furrow length. as well as 
other labor-intensive irrigation techniques: and 4) laser leveling.. 

Observed Responses-In bin-Edison WSD, vegetable crops are grown using 
sophisticated higationlnutrient technology to reduce risk and maximize yields. Both 
above-ground and bedded drip irrigation syskms are wed, o h  in conjunction with plastic 
mulches. Orchards and vines are irrigated almost exclusively with drip systems. For both 

fruits and vegetables chemigation is used to appjy nutrients. A focal irrigation consultant 
noted that the highest potential water savings from drip systems are for exheme conditions . 

such as very sandy soils or rolling tearain. Otherwise, linear movement sprinklers are 
. . 

efficient for most row crops. 

1n-1989, the District reported that producers were using the following types of irrigation: 
cotton (sprinkler-100%), potatoes (sprinkler-100%); alfalfa (sprinkler-100%), vineyards 
(dripso%, furrow-40%, sprinkler-lo%), truck crops (sprinkler-70%, furrow-30%), 
grain (sprinkler-loo%), deciduous orchards (drip or sprinklers-90%, fumw-lo%), citrus 

(drip-100%). The District reports, "Almost all fields that are either sprinkler or row 
irrigated have tailwater sumps and tailwater recovery systems" (AEWSD, "Water 
Conservation Plan"). These systems are encouraged partly by District regulations 
govmhg tailwater t turns. 

Central California ID does not keep track of the irrigation systems used by its producers. It 
appears, however, that furrow and flood systems are most prevalent. Windy conditions in 
the District are an obstacle to the adoption of sprinkler systems. Drip systems would 
require constant maintenance because of high silt levels in District water supplies, although 
filtration devices are generally feasible. A local irrigation consultant said that many CClD 

producers are moving toward shorter furrow runs using gated pipe. Shorter runs allow 
more uniform water application, reducing seepage below the root. zone near the water 
source and moisture deficiencies at the end of the run. Adoption of moie efficient irrigation 

Ag. Econ StudylCEPRlStanford University 5-77 



February 14,1992 PHASE ll DRAFT 

systems and other emciency improvements are encouraged by the District's "Consmation 
Loan P r o j j n  (see Chapk 4). 

In El Dorado ID irrigation efficiency has hmased from below 50 percent to about 70 
p e n t ,  on average, since the higation IManagmt Service began to serve producers in 

1976. Most of the agricultural fane .is planted to pemanewt crops and the two most 
prevalent irrigation systems are micro drip and sprinkler. 

Abut  half the growers take part h the MS. Participating growers rely on neutron probes . 
and tensiometers placed in their fields to measure soil moisture at diffe~ent depths. From 
the readings of these instnunents (measuring soil moisture depletion) and data on daily 

weather conditions (CIMIS), elevation, slope, crop type, growth stage and cultivation 
practices, weekly field level crop water requirements are generated from a computer . 

model. These compadterized irrigation reports, containing specific timing and duration 
r r c o ~ d a t i o n s ,  are sent weekly to al l  IMS growers. 

To qualify to participate in'the IMS ~ o g r a m  growers must have a commercial metered - 
irrigation (CMI) account and own a minimum of five acres. Currently, there are 114 IMS 
participants out of a t o t .  of 228 active CMI accounts, covering 300 fields &d about 3,000 
acres (a3 of all land farmed in the District). Non-participants include pasturelcattle 
operations (which are not eligible) and some CMI accounts that actually have less than five 
acres planted. 

Glenn-Colusa ID does not keep track of irrigation systems used by producers. The 
District's "Water Conservation Incentive Plan" provides for an eight percent reduction in 
water rates for producers who take two of the following eight measures: minimize spins, 
install a recirculation system, install drip or sprinkler systems, reuse drain water, apply 
certain techniques approved by USDA 's Agricultural Stabilization and Conservation 

Service or the Soil Conservation Service, maintain private laterals, laser level or apply any 
other consmation technique approved by the Board of Directors. Approximately 30 to 40 
percent of the District's producers are participating in the program. Some producers are 
installing tailwater return systems. 

Lost Hills WD has codssioned a water managerwent plan that will determine relative 
adoption rates of different technologies. Preliminary results suggest that 60 p e n t  of the 
cotton in the District is irrigated with sprinklers while 40 percent is grown with furrow 

systems. Disttict personnel also report that increased management and some investment 
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has taken place in 1991 to increase irrigation efficiency. Some producers, for example, 
irrigated their crops at night to reduce evaporative losses during 1991.' 

Irrigation efficiency improvements have been supported by LHWD's long-standing 
conservation program which encourages the following activities: (1) utilization of CIMIS 
apd ET information for irrigation scheduling; (2) utilization of soil moisture sensing 
devices; (3) alternating f p w  irrigation when water requirements are low; (4) shaping of 
furrows prior to irrigation so that water can advance faster to the end of the field; '(5) 
installation of runoff retun systems to allow application of heavy -ow flow rates and 
fast advance times, both of which lead to improved distribution uniformity; (6) replacement 
of earth ditches and siphon pipes with gated pipe; (7) eonversion of furrow irrigation to 
sprinkler irrigation on annual crops; (8) conversion of furrow to drip irrigation on 
permanent crops; and (9) conversion to shorter furrows. 

In Westlands WD there is little infonnation about efficiency improvements that resulted 
directly from drought-induced water scarcity. The District's Water Commation Program, 
however, continued to be heavily subscribed in 1991. Each wee& @ucm are mailed an 
higation guide with separate information tailored to the northern, central and southern 
areas of the District. The provides recommendations on the amount and th&ng of 
irrigations based on local weather monitoring. The District also assists growers with 
computer programs, technical advice and irrigation monitoring. 

Past studies have investigated irrigation efficiency in Westlands WD. The 1986 Water 
Conservation Plan reported that 63 percent of District acreage was irrigated with furrow 
systems, 21 percent with sprinklers, 15 percent with "sprinkler-fmow" systems and one 
percent with drip systems. With regard to idgation efficiency, a 1989 report had the 
following findings: (1) long-season, high water use, deepmote& salt-tolerant crops have 
higher higation eSciencies than short-season, less salt-&o1emnt, shallow-roo& crops; (2) 
producers apply excessive amounts of water to vegetables amd other high value crops to 
guard against reductions in crop yield, quality or marketability; (3) furrow length did not 
show a consistent relationship with efficiency; and (4) flexibility in irrigation systems was 
important for enhancing efficiency (Jones and Stokes, 1989). 

Producers in Westlands and other districts may be adopting drip irrigation for reasons other 
than reduced water costs. Drip can improve product yields and quality through micro- 
managing of nutrient and pesticide applications. Drip is said to be much more efficient for 
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irrigating young trees than other systems, though with older trees fwow and sprinkler 
systems can be equally efficient 

Whaler Ridge-Maricopa WSD does not collect data on irrigation technology. District staff 
stated that most v e n t  crops are irrigated with sprinkler or drip systems. Both 
spirklef md furrow system used sf% axmud mops. Producers using chip irrigation 
have purchased fdtratiun system to remove emitter-plugging silt 

The District does not have a formal consexvation program. According to WRM personnel, 
''Price is the consexvation program." Using a derived demand methodology, the District 
estimates average irrigation efficiency for the period 1977 through 1990 at 80 percent. 

Cowaints-The range of constraints facing adoption of irrigation system improvements 

is discussed below. 

Lack of Infodon: Water savings from irrigation system improvements ars: highly 

dependent om site-spec5ic conditions such soil type, field slope and assorted climate 
conditions. 'The windy conditions around Central Catifdrnia ID, for example, may reduce 
or even eliminate the water savings from greater use of sprinlclers. Variable water quality 
may also create uncertainty. For example, fdtration devices of varying types and costs are 
required for drip systems supplied by water with high levels of suspended solids. 
Knowledge regarding future water availability and costs is also important, but is often 
untimely and unreliable. As a consequence of these uncertainties, it is very difficult for a 
producer contemplating higation improvements to be sure that a particular investanent will 
produce h c i a l  benefits. 

Crop Type: Different irrigation systems are appropriate for different kinds of crops. Drip 
systems have been successfully employed by vegetable growers and in orchards and 
vineyards. However, they are not economical for many crops such as cotton, grains and 
alfalfa. S w e r  systems can be employed for nearly all crops, though the quality of some 
vegetables and grapes will be diminished if they are sprinkled close to hmest time. 

Uncertainty: Producers may be unwilling to make long-run investments in irrigation 
systems in the face of infrequent shortages. An investment could "pencil out" in a critical 
year, but not in a normal yearo 

Water Rights: Some producers expressed concern over whether water that is saved from 
irrigation system improvements would lead to forfeiture of their water rights. In an attempt 
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to eliminate such fears, the legislature has specifically provided that "any cessation or 
reductid' in water use due to conservation "shall be deemed equivalent to a reasonable 
beneficial usen of the wa& and, furthermore, that "[nlo fofleiture of the a m a t i v e  right 
to the water conserved shall occur" (Cal. Water Code sections 101 l(a), 1 1961). The 

legislature has also provided that conserved water "may be sold, leased, exchanged, or 
otherwise transferred" (Cal. Water Code sections 1011@) and 1244). Roducer concern, 
however, appear to persist even in the face of these statutory prokctions. 

Ownership: Tenant farmers usually have little incentive (or authority) to install expensive 
irrigation systems. Cost-sharing arrangements between tenants and landowners may be 
diEcult to arrange. 

Impacts-The net financial impacts of irrigation system improvements depend upon the 
associated costs and affected crop yields and prices over time. 

Impacts of Improvements in Irrigation Effi.c.cilency 

Reduced grower expenditures for water where water 
is charged on a .per-unit basis 

Increased expenditures for the purchase, installation 
and maintenance of more efficient systems 

Potential increase in revenues from higher yields 
and improved product quality 

Potential decrease in drainage effluent and costs 
associated with drainage management 

Potential reductions in irrigation labor demand 

Potential changes in energy use 

Potential reductions in groundwater recharge from 
surface sources 
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6.0 RESEARCH FINDINGS ON RESPONSES AND 
ADJUSTMENTS TO WATER SCARCITY BY DISTRICTS 
AND PRODUCERS 

There was wide variation in the kinds and levels of responses and adjustments adopted by 
the case study districts faced with water shortages. Opportunities for adjustment are 
determined by total water availability (rights, contracts, other sources of supply), on the 
one hand, and prevailing constraints (physical, legal, institutional, financial, 
environmental), on the other hand. The observed and potential impacts of these responses 
and adjustments were identified during Phase I .  and are reviewed im Chapter '7. 

6.1 District Water Supplies 

"Critical" year entitlement cuts, specified in Central Valley Project (CVP) and State 
Water Project (SWP) contracts, vary widely according to type and year of contract, 
priority status and source of water, among other factors. For example, exchange 
contractors (Central California ID - CCID) are subject to a maximum cut of 25 
percent in any one year. SWP contractors (and Kern County Water Agency (KCWA) 
subcontractors) are subject to a fixed formula for allocating short supplies among 
agricultural and urban water users, such that agriculture cannot take more than a 
cumulative 100 percent cut over a seven year period. 

2. Reductions in deliveries for the case study districts in 1990 and 1991 (as compared 
with 1989) were similar to those for the CVP and SWP as a whole, as shown in the 

table below. An exception was the substantially larger percentage cut for the CVP 
case studies in 1991 (51%)) as compared with all CVP contractors (32%), explained 
by the exceptionally large reduction in deliveries (67%) to Westlands WD (WWD). 
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9 o Reduction 
. Supplier in 1989 (MAF) in 1990 in 1991 

Entire CVP 5.58 ' 15 32 
Entire SWP 1 .%5 52 100 
C'W Case Studies 1.80 19 5 1 
S W  Case Studies 0.33 41 180 

3. Critical year water entitlement announcements are usually made in mid-February, and 
may be revised anytime thereafter depending upon changes in precipitation and runoff 
conditions. This new element of uncertainty can have important financial 
implications. Several districts reported that late announcements and revisions 
impeded timely water and agricultural planning at both the district and farm-levels. 
This was a particularly serious problem for Glenn-Colusa ID (GCID) growers in 

1990. 

4. To significant andl varying.degees, water suppliers are able to make up surface 
contract water shortages with alternative supplies, principally groundwater extractions 
and external transfers. The economic and social costs associated with these 
alternatives vary widely depending upon the location of the district and its hydrology, 

physical delivery system and institutional arrangements, among other factors. 

5. P r e k a r y  research indicates that those districts with access to multiple sources of 
water (Arvin-Edison WSD (AE), El Dorado ID (EID)) and those with contracts that 
specify relatively small reductions in critical years (CCID, GCID) have fared best 
during the on-going drough4 whereas those districts highly dependent upon project 
water with little flexibility for augmenting supplies have fared worst (WWD, Lost 
Hills WD (LHWD), Wheeler Ridge-Maricopa WSD (WRM)). 

6. When all sources of supply are included at the district-level, the data indicate the 
following ranges in reductions in total water availability for the case study districts 
as compared with "average" levels, where average levels are computed from annual 
water availability in 1975 through 1989, excluding 1977: 

rn 
1977-2 1 % (CGPIB) to 74% (WWD), average reduction = 47% 
19904)-1% (AE, CCID) to 29% (WWD), average reduction = 15% 
1991-17 % (CCID) to 58% (WWD), average reduction = 37% 

6 2  Ag. Emn StudylCEPR(Stanford University 



PHASE II DRAFT--NOT FOR CITATION January 15,1992 

K C W A O  
1977-33% (LHWD) to 61% (WRM), average reduction = 50% . 

1990-10% (WRM) to 17% (LHWD), average reduction = 12% 

199 1457% (WRM) to 70% (LHWD), average reduction = 68% 

On an aggregate level, the seven case study districts experienced reductions in total water 
availability, as compared with average levels, as follow: 

These figures do not include on-farm groundwater. pumping. Estimates of on-farm 
pumping are available from WWD and WRM, but not from CCID or WID. Adding 
estimated groundwater extractions to total water .availability, the figures - change as 
follow: 

Ave Red- 
(With Est &-Farm ~roydwater-WWD, WRM only) 

6.2 District Responses and Adjustments 

- Water suppliers have three basic mechanisms for adjusting to surface water shortages 
caused by &ought or longer-term changes in water quality standards and flow 
requirements: 1) maintain andlor enhance water supply through use of alternative 
sources; 2) change allocation of available supplies; and 3) improve efficiency in water 
delivery, monitoring and use. Districts that face severe constraints with respect to 
alternative supplies must rely on changes in allocation rules and improvements in 
efficiency to minimize the impacts of water shortages on their water users. 
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6.21 Mechanisms to Malntain Water Supply 

A. District Groundwater Pumping and Integration 

1. Prior to the CWISWP surface water deliveries there were serious overdraft problems 
in Amin-mison WSD, Westlands WrD and Wheeler Edge-Mhcopa WSD (and 

g e n d l y  throughout large areas of the S.J. Valley). Roblems associated with 

overdraft include: longer pumping lifts and higher costs, deteriorating water quality 
and land subsidence. With the current on-going drought, these same overdraft 
conditions are surfacing again and will become progressively worse as the dry spell 
continues. 

2. Advantages of groundwater pumping as a means to increase total water supply 
include: minimal legal and institutional constraints, availability of underground 
supplies in dry years and m h h d  conveyance quiaements. Disadvantages and/or 
constraints include: hydrologic conditions and poor well yields (e.g., E%B - 60 GPPcl), 
high fixed costs for.weU drilling and refurbishment and increasing variable costs with 

higher lifts and greater energy use. Also, high pumping rates, over and above 
estimated safe yields, can lead to deteriorating water quality with potential negative 
impacts on crop productivity. . . 

3. Conjunctive water use management as practiced by Arvin-Edison WSD can mitigate 
to a large degree the economic and environmental costs associated with unmanaged 
groundwater pumping. Through concerted spreading and percolation operations 
during wet years, Amin-Edisom has been able to overcome earlier problems with 
overdraft and deteriorating water quality and accumulate adequate stored water for 
use during dry years. 

However, its success at maintaining groundwakr stability over t h e  (as with other 
districts) depends upon several factors: 1) the frequency with which surface water 
allocations reach normal to wet levels; 2) on-farm groundwater extractions and the 

district's ability to regulate this "common pool" problem; and 3) the financial 
resources available for investment in larger and more efficient spreading, percolation, 
pumping and monitoring operations. The proposed Water Storage and Exchange . 
Agreement between Arvin-Edison WSD and Metropolitan Water District 
demonstrates one possible approach for easing the financial constraint. 
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4. Another mechanism to maintain water supplies was-through district promotion of on- 
farm groundwater pumping in exchange for surface water allocations or for 
integrating groundwater with district supplies in exchange for future water credits. 
These groundwater exchange and integration programs allowed districts to better 
meet the inter-temporal irrigation needs of their users: Integrated or pooled water had 
to meet fairly stringent water quality standards. 

B. External Water Transfers 

1. Om average, out-of-district water purchases represent a very s d  share of total water 
supplies for the case study districts - approximately one percent for the CVP 
contractors and zero percent for the KCWA subcontractors. . 

2. In 1991, the importance of external transfers rose slightly for the CVP districts - to 
nearly four percent of total supply. Most of the increase took plade k Westlands, 
where transfers represented 12 percent of total supply. With the 100 percent cut in 
SWP allocations to agriculture in 1991, extqnal transfers became an essential water 
source for these districts - 61% and 100% of total supply for WRM and LHWD, 
respectively . 

3. Transfer water was available from counties, suppliers and individuals with surplus 
supplies, mainly north of the Delta, and from the DWR's State Water Bank. KCWA 
member units had access to water from the Agency's Emergency Groundwater Pool. 

In general, this water was purchased at high cost ($100-$200/AF plus conveyance 
charges) and was reserved for pananent crops and late season critical irrigations of 
annual crops. Wheeler Ridge WSD growers elected to fallow lamdrather tRan 

purchase State Water Bank water at over $200/AF, indicating the range at which the 
cost of water exceeds its marginal value for certain crops and regions. 

4. The state legislature, USBR and DWR have relaxed certain constraints on 
water marketing since the late 1980s in order to encourage conservation and the 
sale of excess water in short years. However, certain legal, institutional and 
physical constraints remain including: 1) a 60 day waiting period for SWRCB 
approval of "temporary" transfers, and a much longer and more involved approval 
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process for transfers lasting longer than one year; 2) transfers of CVP contract 
water are bound by destination (other USBR. contractors) and type of use 
provisions - otherwise contracts may be altered; 3) the timing and flow of 
transfers are limited by watex quality standards in the Delta, Delta pumping 
capacity and the availability of conveyance facilities and facility capacity;' and 4) 
the lack of a f'eoioning water market makes it mela%& time-consuming and 
often costly to "match" buyers and sellers. These constraints create. high 
"transactions costs" and considerable uncertainty. 

Preliminary research indicates that the case study most' likely. to be a candidate for 
sellkg water outside the district in some years - GCH> - was in fact not eager to do so, 
even when the "price was right." GCID staff believe that unlimited water transfers 
would have negative effects on district water planning and on the local rice-dependent 
economy. Go rice producm also cited long-term obligations t6 processor$ and 
protezoing their market share as reasons for not engaging in short-term water transfers. 

This fmding suggests that the market price of water, while important, is only one factor 
that potential water sellers will consider as water marketing becomes a more common and 
flexible option. 

C. New Water Supply Projects and Contracts 

1. A long-tam mechanism for maintaining or enhancing water supplies is for a district 
to pursue new water diversion or storage rights with the State Water Resources 
Control Board (SWRCB) or to renegotiate CVPISWP contracts to include greater. 
volume or more stable supply. These options are appealing in providing a long-term 
solution to future water. shortages, but are severely constrained by various 
institutional, physical, financial and environmental factors. 

Both options are increasingly more limited by growth in urban water demand and 
flow restrictions required to meet Bay-Delta water quality standards. There is very 
little flexibility for augmenting long-term water supplies to agricultural regions south 
of the Delta unless new projects were developed to increase the Delta's pumping and 

Insufficient capacity in the conveyance system limits the ability to move water "on demand" since 
transferred water can only claim residual conveyance capacity. 
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conveyance capacity and augment storage capacity in the San Joaquin Valley. Water 
development projects. on both the state and district-levels must undergo very 
expensive and time-consuming environmental review processes and require strong 
financial backing. These and other political and institutional constraints have acted to 
deter such projects, a pattern that is expected by many to continue in the foreseeable 
hm. 

2. Only El Dorado ID among the case studies is actively pursuing acquisition of new 

water rights and approval for project development. The District etijoys favored status 
as a "watershed of origin" and "County of origin" and holds early priority 
appropriative rights to the American River. Furthermore, both the motivation aqd 
f i c i a l  backing for water development are coming from growing urban demand in 
the area. The water generated from these projects, expected to be expensive as 
compared with current rates, will by and large be assessed to new urban occupants. 
This unique set of conditions places EID in a better position for obtaining approval 
fmm the SWReB. 

6.2.2 Mechanisms to Allocate Available Water Supplies 

A. Water Allocatlons to Growers 

1. While pursuing various mechanisms to maintain water supplies, most districts have 
also instituted changes to ensure the most equitable and efficient allocation (in terms 
of delivery and management) of reduced supplies in water short years. During 199 1, 
districts "rationed short supplies through "across the board" per acre allocation cuts, 
subject to seasonal restrictions. Omly EID continued to supply its agricultural 
customers with water "on demand" (voluntarily controlled through 'widely used 
conservation practices). 

2. The range in allocation cuts to district growers in 1991 was zero prcent (ED) to 87 

percent (WRM). Cuts were fifty percent or greater in four of the seven case studies 
(AE, WWD, LHWD, WRM). To varying degrees, growers were able to supplement 
district supplies with on-farm groundwater pumping, intra-district transfers and 
private external transfers. Emergency CVP water was made available to producers of 
permanent crops. 
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B. Timing of-Deliveries 

1. The timing of district deliveries in water short years is especially critical to ensure 
that peak ihhigaGoan demand is met to the fullest extent possible. Nevertheless, 
districts' flexibility for &tahg the Oirning of deliveries to growers is consmind by 
the thing Ad flow of imported supplies, which, in tum, are guided by run-off and 
storage levels, conveyance capacity and seasonal flow restrictions out of the Delta. 

2. Most district contracts and permits for appropriate rights specify maximum monthly 
(or seasonal) diversionslentitlements and flow rates. Usually mtitlement water not 
taken during one period cannot be "carried over" and used during a later period. This 
"use it or lose it" policy may discourage some districts from adopting conservation 
measures &at could leadto permanent reductions in water deliveries. 

In general, districts with the potential for conjunctive water use, either with district or 
on-farm groundwater pumping, were able to best meet irrigation demand by . 

allocating scarce surface suppBes during the peak season (witb. its maximum flow and 
frequency requirements), letting ~ f f - ~ e a k  irrigation needs be satisfied with 
groundwater. Changes in Bay-Delta water quality standards and flow restrictions 
could reduce surface deliveries to agriculture'during "peak" demand on a permanent 
basis. This would severely strain conjunctive water use as a partial solution to inter- 
temporal water planning. 

4. The efficient and equitable allocation of water was facilitated through the use of intra- 
district transfers of surface water a d  groundwater among "surplus" and "deficit" 

growers. Although intra-district transfers occur in all yeais, the research findings 
indicate that such transfers increase in number and volume in water short years. All 
case study districts permitted such transfers, with the exception of WRM which 
allows transfer of groundwater only. Some districts allow "free market" intra-district 
transfers, while others regulate the prices charged. In all cases, growers were 
permitted to use'district conveyance facilities for wheeling, at a minimum charge. 
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C. Water Rates and' Revenues 

1. There appear to be few legal limitations on districts' authority ,to set water rates for 
their customers. Districts may charge for water by acre, connection or metered use to 
reasonably cover their operating costs, and may assess additional fixed charges to 
cover special projects or investments. 

2. Examination of the case study districts' statements of revenues and expenses indicates 
thaf water sales were the principal source of revenue for the five CVP contractors, 
k d  that fixed produc& charges were the principal revenue source for the two KCWA 
subcontrsactoas. Districts may raise their water rates to offset lost sales volume and 
greater expenses (e.g. higher energy costs) in water short years, or alternately, use 
district reserves and cost-cutting meas'ures to make up the deficit 

3. Among the case study districts, only GCID raised its water rates for .contract water in 
both 1990 and 1991 in response to drought conditions. Westlands WD raised rates 
continually from 1985 through 1990, but was able to lower rates in 1991 by 
temporarily eliminating certain grower charges. Both Westlands and Arvin-Edison 
dipped into reserves and adopted cost-cutting measures (e.g. & f e d  of maintenance 
and temporary lay-offs) to offset lower sales revenues. Water rates for growers in the 
two SWP districts increased dramatically as the districts and individual producers 
were forced to rely on high cost alternatives, principally external transfers. LHWD 
and WRM allowed these growers to defer their SWP fixed obligations to future years. 
CCID introduced an inclining tiered rate structure in 1989 to promote conservation 
and raise additional revenues. These responses are consistent with water suppliers' 
efforts to provide "stability" in prices during periods of shortage. 

. . 4. In 199 1, and historicaljy, the variation in water rates among the ease studies was very 
wide, fiom a low of just under $10/AF (CCID, GCID) to over $200/AF in LHWD and 
WRM for non-contmct water. El Dorado ID, Westlands WD and Arvin-Edison WSD 
water rates fell somewhere in between. 
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6.23 Efflclency Improvements In Water Delivery and Use 

Faced with potential long-tmn surface water reductions; most districts have shown 
inkrest in finding ways to improve the efficiency of their delivery systems, primarily 
through reductions in seepage lases amd improved water use accountability. The ability 
to achieve signifcant water savings %ram these measures depends u p  cr~paent delivery 
efficiency rates and the level of "u~ecoverable~~ losses, among other factors. Districts are 
also interested in promoting improved on-fann irrigation eEciency as a means to match 

. demand yith reduced supply. 

A. Information Services and Conservation Measures 

1. The case study districts, to vaqying degrees, encouraged improvements in on-farm 
irrigation efficiency by providing: 1) relevant infomiation and technical services to 
growers, and 2).economic incentives for growers to adopt an array of conservation 
measures. 

2. For example, ED,  LHWD and WWD provide cropspecific irrigation recommenda- 
tions to district growers based on local weather conditions and estimated ET rates. In 
the case of EID, its sophisticated Irrigation Management Service is responsible for 
saving approximately 2,000 AF of water per year, or 0.67 AFIacre. 

3. CCID offers low interest loans to district growers for investments in a series of water- 
saving measures (e.g. ditch lining, installation of water recovery systems, adoption of 
sprinkler or drip irrigation, among others). Since 1991, GCID initiated a 
Conservation Plan that offers an 8 percent refund on water bills for growers that can 
demonstrate adoption of at least two recommended conservation measures. Both 
programs enjoy high participation rates, however, estimates of actual water savings 
are not available. 

El. Physical Delivery System lmprovements 

1. The case study districts vary widely with respect to estimated delivery efficiency rates 
(water delivered at farm-gatelwater conveyed). variation in efficiency rates reflects 
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differences in conveyance facilities (pipeline, lined and unlined canals and ditches), 
tailwater and drain water recovery, meter accuracy, level.of automation and weather 
conditions, among other factofs. 

2. Among the case study districts, CCID, EID and GCID reported fairly low delivery 
efficiency rates of approximately 70 percent. CClD estimates that 60,000 to 80,000 

. . 
A .  of water (13% of full entitlement) are lost annually from seepage through district 
canals, although a portion of this is recoverable. The other four case studies, Arvin- 
Edison WSD, Westlands WD, LHWD and WRM reported high delivery efficiency 
rates, at or exceeding 80 percent. Westlands WD estimates seepage losses from 
district ditches and reservoirs at about 27,000 AF per year or less than two percent of 
normal deliveries. 

3. Of the seven cases, only El Dorado ID invested substantially in 'physical system 
improvements in the last two years. Other districts could not justify the long-nm 
costs of such improvements (e.g. canal lining, replacement of leaky pipeline) given 
the value of expected water savings. Most districts continued to support routine 
maintenance of facilities and equipment, although certain maintenance projects were 
deferred because of insufficient funds. Deferred maintenance over time will likely 
have negative effects on fmances and operations. 

6.3 Producer Responses and Adjustments 

As discussed earlier, district allocations to producers in 1.991 were cut in all case study 
districts except El Dorado ID. The reductions varied from just 15 percent in CCID to 
over 70 percent in WWD, LHWD and WRM. However, in a l l  case study districts at least 
some producers were able to supplement reduced allocations with alternative sources, 
bringing total water availabilizy to a higher level. Data is not yet available on these other 
sources for all cases. 

Preliminary research on producer responses and adjustments to on-farm water shortages 
indicates that producers have coped with reductions in district allocations in three basic , 

ways: 1) reliance on alternative sources of supply; 2) changes in planted acreage and 
cropping patterns; and 3) irrigation efficiency &provements. 
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6.3.1 Case Study FamLevel Characterlstlcs 

Prisnary data on basic farm-level characteristics in the case study districts reveal a 
heterogeneous sample with rape* to fa& size and operation, cropping patterns, value of 
production amd land values, Producers' r$sponses and adjustments to water shortages are 
affected, to varying degrees, by these farm characteristics. . . 

1. In 1989, the percentage of total acreage in permanent crops ranged from less than 4 
percent (GCID, WWD) to nearly 100 percent (ED), and exceeded 25 percent'in 
Amin-Edison, LHWD and WRM. 

2. The estimated gross value of crop production in 1989 per acre was highest in Arvin- 

Edison WSD ($3,392) .and lowest hi CCID and GCID (about $800). These figures 
reflect the predominance of high value vegetable, fruit and nut crops in AE, vmus 
lower value annual crops (cotton, rice) in CCID and GCID. 

3. Farm operation size among the case study districts ranges from a predominance of 
very small farms in EID to a majority of medium and large farms in Westlads WD 
and Lost Hills WD. In-general, larger farms have greater flexibility for adjusting to 
water shortages as a result of the financial resources available to them for investing in 
wells and on-farm efficiency improvements and for purchasing high cost water from 
outside the district 

4. The availability and reliability of water supplies are reflected to some degree in 
agricultural l a d  values. Among the case studies, h d  values in Westlands WD 
declined in recent years, in part because of uncertain water supplies, but remained 
stable or increased in districts with fairly secure water availability (CCID, EID, K I D  
and AE). 

6.3.2 Alternative Sources of Supply 

A. On-farm Groundwater Pumping 

1. Groundwater is accessible to farmers in five of the case study dis,tricts (all except EID 
and LHWD). A significant portion of Wheeler Ridge WSD relies exclusively on 
groundwater for irrigation. Well depths, yields and water quality vary widely among 
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and w i t h  the district mas. For example, the groundwater table varies from about 
250 to 600 feet in Arvin-Edison and from 150 to over 1,000 feet.in Westlands. 

2. On-farm groundwater pumping and intra-district groundwater transfers played a very 
major role in augmenting water supplies for producers in Arvin-Edison WSD, 
Westlands WD and WRM, and to a lesser extent in CCID. Groundwater has been 
used to a limited extent in certain areas of GCID. 

The variable costs of groundwater pumping depend upon the depth of the lift and the 
capacity and efficiency of the pumping operation as well as prevailing energy rates 
and standby charges. Anecdotal information from case study producers indicate a 
range in cost of about $0.12 to $0. 16 per foot of lift for lifts 'ranging from 150 to over 
1,000 feet. This translates into a minimum cost of $18.00/AF of pumped water to a 
maximum of over $160.00/AF. The latter figure may no longer be economically 
efficient for most crops. If groundwater extractions continue to exceed 
replenishment, the associated energy costs will increase over time with the lowering 

, . . 
of the water table. 

4. Many producers had to invest in well drilling or refurbishment to utilize their 
groundwater resource. Anecdptal evidence from district producers suggests that a 

- new well costs from $150 to $400 thousand, well refurbishment costs about $50,000, 
a test well costs about $10,000, and a diesel pump costs $35,000 or $2,000 per month 
on a rental basis. These large investments required producers to take on substantial 
long-term debt and defer other farm improvements or purchases for an indefinite 
period. 

Although the use of groundwater has mitigated the negative effects of surface water 
shortages in many areas of the Central Valley, such heavy reliance on the 
groundwater resource is not sustainable in the long-run. Not only would unregulated 
pumping become uneconomical over t he ,  but it would also create serious resource 
quality problems such .as land subsidence, deteriorating water quality, aquifer 
depletion and salt water intrusion in certain areas. Therefore, if surface water 
reductions are to continue on a more permanent, if less drastic, basis, groundwater 
regulation might be appropriate as a means to avoid serious overdraft and maintain 
groundwater stability and quality. 
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8. Intradistrict and External Water Transfers 

1. Case study producers used both intra-district transfers of surface and groundwater and 
external (out-of-district) transfers do supplement reduced allocations. Intra-district 
transfers w c m  in all cases except El D o d o  ID, farmers purchased water from 
outside the district in three cases-WWD, LSIWD and WRPUI. In addition, producers 
of permanent crops in CVP districts were eligible for USBR emergency or "hardship" 
water at the nonnal water rate. 

2. Interviews with producers indicate that the high cosi 'transfer water, especially 
external transfers, was used for permanent plimthgs and critical late summer 
idgations of annual crops. In these cases; the expected marginal benefit of the water, 
in terms of permitting normal yield output, exceeded its marginal cost 

3. Privately m m g d  external water transfers are bound by the same constraints 
described um&r district responses, in addition to the need for district authorization .of 
such transfers. As with districts, overcoming these constraints often involve high 
transactions costs. 

C. Changes in Acreage and Cropping Patterns 

For those producers that experienced a marginal increase in water costs brought on by 
water scarcity, economic theory would predict behavior that would either increase the 
marginal product of water or decrease its use and total cost. This could be accomplished 
in thee basic ways: 1) fallowing low value crops; 2) reducing per acre water applications 
by shifting to less water intensive crops or by "stressing" crops; and 3) improving 
irrigation efficiency. 

1. To varying degrees, producers in the case study districts fallowed cropland and 
shifted cropping patterns to match irrigation demand to available water supplies. In 

1991, total planted acreage declined 11 percent as compared to 1989, and virtually all 

of the decrease was in annual crops, principally cotton. Westlands experienced the 
greatest absolute decline in acreage - over 58,000 acres. 

2. The change in total planted acreage from 1989 to 1991 among the case study districts 
ranged from a three percent increme in Arvin-Edison to a 30 percent decrease in Lost 
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Hills WD. LHWD, as ,described above, is the case study with the least flexibility for 
supplementing surface water cuts-with alternative supplies. 

3. There were several significant changes in case study cropping patterns on an 
aggregate basis between 1989 and 1991: 1) cotton, rice, alfalfa and vegetable 
(excluding tomatoes) acreage fell by 18,24,6, and 6 percent, respectively; 2) tomato 
acreage hmiiued by 29 percent; and 3) acreage in permanent crops remained stable 
overall. There appeared to k significant substitution of tomato acreage for lost 

cotton acreage in Westlands, and some substitution of cotton acreage in CCID (an 
increase k 31%) for lost acreage in WWD, LHWD, WRM and AE. When compared 
to other years these shifts exceed "normal" trends, although other data on possible 
confounding factors must be analyzed to &tamhe the extent to which water supply 
reductions caused these shifts. 

4. Research findings from the case study districts indicate a wide range of constraints 
that limit producers' abilities to shift cropping patterns in response to water shortages, 
especially in the short-run. These constraints include: 1) federal commodity program 
regulations that can encourage or discourage shifts away from program commodities 
such as cotton and rice; 2) multi-year supply obligations to processors of such crops 
as garlic, onions, processing tomatoes and rice; 3) concern about maintaining market 
share in a particular commodity (e.g. domestic long-grain rice among GCID 
producers); 4) producer ownership of processing operations that depend upon reliable 
supply levels for profitability; 5) various agroclimatic constraints, including soil type, 
temperature ranges and pest conditions; 6) farm management expertise and machinery 
and equipment complements required to grow a particular crop; and 7) the timing of 
water allocation announcements (e.g. reduction announcements made after crop 
specific pre-planting investments m y  come too late to trigger crop shifts). 

5. With respect to changes in water application rates, research from the case study 
districts indicates that produceis by and large applied the same amount of water to 
their crops in water short years. Producers chose to fallow land rather .than risk lower 
yields from "stressing" their crops. In particular, lower value annual crops were 
fallowed to save reduced contract supplies and high cost transfer water for the high 
value crops, especially permanent plantings. Better infomation on water application 
rates will be available when 1991 crop yields are known and analyzed. 
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D. On-Farm Inlgation EMciency Improvements 
. . 

Itrigation efficiency is often defined as the ratio between the amount of water applied to a 
field and the water needs of the crop (plus leaching requirements and unavoidable losses 
minus effective precipitation). Improved efficiency elatails producing the same amount of 
product with less water. Thexe are two -main categories of efficiency improvements 

- .  
.available to producers: adoption of more efficient irrigation systems a d  improvement in 
irrigation management practices. 

1. ~nkdota l  evidence suggests that few producers invested in more efficient irrigation 
technologies in 1990 and 1991. This may be explained by the competing financial 
demands of securing water supplies through well investment and transfers, and also 
by the lack of economic incentive in certain cases. Moreover, the effectiveness and 

efficiency of a partic* irrigation system depends upon topography, soil and the 
crop's particular water requirements. Adoption of low volume systems is not always 
feasible (e.g. rice). Furthermore, some districts reported high raks of low volume 
irrigation systems already. in use (AE, EID, LHWD, WRM), diminishing their "room" 
for improving efficiency through technological change. 

2. Improvements in imgation management over the last few years are fairly widespread. 
Producers in Lost Hills WD, for example, inigated at night during part of the 1991 

season to reduce evapotranspiration losses. In CCID, producers have installed shorter . 

h o w  runs and gated pipe to obtain better water distribution uniformity. Laser 
leveling is also becoming more widespread. Irrigation Management Service (IMS) 
participants in EID monitor soil moisture conditions with the use s f  neutron probes 
and tensiometers. In general, there has k e n  better utilization of crop and weather 

information through computerize!d water planning and irrigation programs, although 
the level of sophistication in higation scheduling varies widely. 

The responses and adjustments to water shortages reviewed in this chapter have certain 
important economic and resource quality impacts that were identified during the course of 
Phase I1 research. A full inventory of these impacts, both observed and potential, is 
presented in the next chapter followed by a brief description of the economic analysis 
proposed for Phases III and IV of the study. 
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7.0 INVENTORY OF IMPACTS FOR FUTURE ANALYSIS 

7.1 Dntroductlon 

Phase II of this study was designed to conduct prelimhuy case study analyses based on 
available data as a means of iden-g the most.salient .impacts to be assessed and the 
additional data required for assessing them in Phases III and IV. Chapter 3 discussed the 
urpocM impacts of water shortages as pndicted from economic theory and Chapters 4 and 
5 reported the actual responses and adjustmenk to water supply reductions by case study 
supp lh  and producers. Observed and potential impacts gleaned from field research were 
listed briefly. 

The Phase I1 analysis has pfivided a great deal of insight into both the types of impacts 
resulting from water supply reductions and how they can be expected to vary with 
differences in water sources and rights as well as-other institutional and physical factors 
which constrain adjustment decisions. It has also provided a sense of the economic'and 
institutional complexities which must be reflected in the choice of methodology employed 
in Phases lII and IV if we are to obtain an accurate assessment of economic impacts. 

Information is not complete enough at this stage, however, to provide an analysis of the 
level or magnitude of expected impacts, nor would this be wise given that the reductions in 
water supply examined are a result of only one scenario regarding water supply levels (e.g. 
drought conditions). What is possible to do at this stage of the research is to identify the 
mge  of both observed and potential impacts that are likely if and when shortages are 
introduced on a more perxnanent basis. This "inventory" of impacts is provided in a series 
of tables that make up this chapter. Brief discussion of some of these impacts precedes the 
tables. The chapter concludes with a proposed plan of study for Phases III and N that 
discusses what analyses and data are needed to further refine and measure a select subset of 
the impacts identified 
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7.2 Defining Impacts 

The scope of impacts to be considered in the economic analysis will be refmed in Phase III . 
of the study. As a working guideline for this Phase, impacts have been broadty Mned to 
inch& thejhll rmge oftiXrec6 and id ires  (both prbote a d  so~iul)~ short-PIPR and long-raua 

e h g e s  t h t  resulted or cam be expected to resultfiom reduction+ b water supplies to 
Centpal Valley agriculture. 

Porteaying the full ringe of short-run and long-run impacts 'allows f a  maximum flexibility 
in detedning the appropriate ixonomic techniques for assessbg impacts and will help to 
identify further data needs. Preliminarily, defining impacts in' terms of "changes" that 
result fkom water shortages allows inclusion of both monetary and non-monetary effects. 
Were impacts to be defmed solely in terms of "costs" or "benefits"-whether private or 
social-those not readily capable of being monetized dght  b excluded. Thus, the 
decision for this f i t  step was to include all reported and potential changes. Q'Direct" 
impacts are defied as. those associaed with water suppliers and producers. "Indirect" 
@acts are defied to include changes affecting or likely to aFfect local economies and the 
quality of the agricultural resource base. . . 

For this effort, the short-run is defmed as the period of time absent capital investment with 
the long-run contingent upon capital investment. This "economic" defmition differs from 
the "chronological" definition adopted by the SWRCB which encompasses a ten year 
g b d n g  horizon that may or m y  not include capital investment. It also differs within this 
study when reference is made occasionally to "long-run" resource impacts. In the Phase III 
analysis these various planning horizons will need to be clarified and defined in more 
&ail. 

This broad defmition of impacts is intended to recognize that there are different perspectives 
with respect to which "changes" sRould be included in the economic analysis and how they 

should be meahred and weighted in such analysis. This approach provides maximum 
flexibility for designing Phases III and IV of the study. 
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7.3 ldentlfylng Impacts of Reductions in Surface Water Supplles 

The first few tables present an inventory of the impacts or changes identified in Chapters 4 
and 5 for water suppliers and producers, categorized by the different response and 

adjustment mechanisms. Table 7.1 is an inventory of observed and potential impacts for 
the case study water suppliers or districts. Table 7.2 presents the same information for 
case study producers. Impacts are further categorized by type as identified above: direct 
(disorictlpxducer) and i d k t  (local economyh-esource quality). Fkom these inventories, a 
subset of "priority" impacts can be selected for economic analysis in Phases IIt and IV. 

For illustrative purposes, the impacts inventoried in Table 7.1 for water suppliers are 
mapped into an economic//financial analysis which is shown in Table 7.3. Observed and 
potential impacts of reduced water supplies on district income, operating expenses and 
capital investments are classified under financial and economic prices. Table 7.4 presents a 
similar economic framework for producers. Tables 75 and 7.6 inventory the local, state 
and national economy ahd resource quality impacts or "indicators of change" associated 
&th reductions in surface water.supplies. A subset of 'these indicators will be selected for 
qualitative and/or quantitative assessment, as needed. 

7.4 ldentlfylng Constraints on Adjustments 

Table 7.7 provides a comprehensive list of the constraints identified during Phase I1 
research on the abilities of districts and producers to adjust to changing water reliability and 
supply levels. These constraints are broadly categorized by: 1) level, timing and reliability 
of water supply; 2) management of available supplies, including institutional, legal and 
physical system constraints; and 3) financial and resource quality constraints. Table 7.8 
presents a smaller inventory of similar constraints at the farm-level. The proposed plan of 
study for Phase 111 includes analysis of the expected mitigating effects of relaxing or 
changing some of the more important of these "binding" constraints. 
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Tabie 7.9 : inventory of Obs8rved and Potentlal District Impacts Categorized by Response 

Dlrect lndlred 
District Producer Local Economy Resources 

Responses and Associated Impacts 

Impacts of Developlng New Supply Sources 
Capital expenditures ' 

Legal and engineering costs for environmental assessments 
Deferral of other investments 
Higher per unit water costs 
Uncertain environmental impacts 
Reduce supplies for competing purposes 
Uncertain impacts on contracts (federal reclamation law) 

Impacts of Changlng Allocation Rules 
lntradistrict equity and efficiency issues 
lnduce conjunctive water management 
Induce intra-district transfers 
Provide incentives to fallow land or shift crops 

Impects of Changlng Water Rates 
Increase or decrease sales revenues 
Provide incentives to reduce demandlincrease irrigation efficiency 
Provide incentives to fallow land or shift crops 

Impacts of Improved Dlstrlct Water Management 
Higher operation and maititenance expenditures 
Higher monitoring expenses 

* 



Table 7.1 : Inventory of Observed and Potentlal Dlstrlct lmpacts Categorized by Response (cont.) 

Mrect lndlrect 
Dlstrlct Producer Local Economy Resource 

Impacts of lncentlves for Improved On-farm Water Management 
Increase operating expenditures (unless passed on to growers) 
Reduce per-acre demand for waterlenhance supply 

Impacts of Physlcal System Improvements 
Increase long-term debt 
Water savings from reduced system losses 
Greater atxountabiliy of water use 
Increase or decrease revenues (savings vs. expenses) 
Improve public image 



Table 7.2: Inventory of Observed and Potential Producer Impacts Categorized by Response 

Dlrect Indirect 
Dlstrlct Producer Local Economy Resource 

Responwa and Assoclated Impacts 

Impacts of Reductions In Surface Water Supplles 
Reduce deliveries . 

Reduce supply certainty 
Redudion in surface supplies for percolation 
Potential higher per uni water costs 
Potential increaseldecrease in net farm revenues 
Potential reduction in drainage problems 

Impacts of SubsHtutlng Groundwater 
Higher energy demand and costs 
Investment in well development 
Well refurbishing and maintenance expenses 
Potential water quality deterioration 
Potential decline in crop yields . 
Potential crop shifts 
Potential increase In pumping liis 
Potential land subsidence 
Potential depletion of aquifer capacity 
Smoothing of supply fluctuations 

. 



Table 7.2: inventory of Observed and Potentlal Producer impacts Categorhed by Response (cont.) 

Dlrect Ondlrec% 
Dlstrlct Producer Local Economy Reaource 

Impacts of Water Transfers (for Importers) 
Higher marginal water costs 
High transactions costs 
Smoothing of supply fluctuations 

Impacts of Water Transfers (for exporters) 
Maintainlenhance net returns in the short-run 
Increase fallowed acreage 
Wind erosion 
Continued need for weed control 
Increase uncertainty regarding future supplies 
Potential groundwater overdraft 
Potential reduction in local economic activity in related industries 
Potential for overall net increase in California income and employment 

bngcta of Crop Shifts 
Changes in seasonal water demand 
Changes in'non-water input demand 
Changes in farm labor requirements 
Changes in composition of farm output 



Table 7.2: Inventory of Obsetved and Potential Producer Impacts Categorized by Response 

Direct Indirect 
D I M  Producer Local Economy Resource 

Impacts of Crop Shlfts (cont.) 
Potential changes in federal c o m m d i  program expenditures 
Potential changes in producer prices 
Potential changes in consumer prices 

Impact8 of Lower Water Appllcatlon Rate8 
Increase in salt concentrations 
Uncertain yield impad? 
Decrease in drainage effluent 

hp&s of Adopting New lrrlgatlon Technology 
Decrease in water demand and per acre costs 
Capital costs of irrigation systems and maintenance expendiures 
Increaseldecrease in demand for irrigation labor 
Decrease in drainage effluent and groundwater recharge 
Potential yield and product quality improvements 



Table 7.3: District Economic impacts of Reduced Water Supplies 

Income Financial Prices Economlc Prices 
Water Sales 

Price 
Quantity 

Assessments 
Interest 
Other 

Qperating 
Expenses Salaries 

Transmission/D&n'brtion 
Energy 
Canal operation and maintenance 
Well operation and maintenance 
Conservation programs 
Transactions costs 
Water costs 

Surface 
Ground 
Transfers 

Legal, engineering, and environmental fees 
Other 

Capital 
Well development 
System improvements 
Long-term debt 
Other 

Net Change 



Table 7.4: Producer Economic Impacts of Reduced Water Supplies 

Financial Prlces Economic Prices 
Income 

Production output 
Acreage 
Yields 
Quality 

Crop prices 
Variable 
Expenses Water 

Energy 
Labor 
Other inputs (fertilizers, pesticides, etc.) 
Wen maintenance and refurbishing 
Irrigation manageinent 
Rent 
Other 

Fked 
Costs Irrigation technology 

Drainage and return flow systems 
Well development 
Land improvements 
Machinery and equipment purchases 
Other 



Table 7.5: Observed and Potential hgects of Reduced Water Availablllty on Local, State and National Economies 

lndlcators of Change 
Qualltatlve Quantltatlve 

Loca! economy 
Changes in level and composition of farm labor requirements 
Changes in level and timing of energy demand 
Changes in demand for other production inputs 
Changes in supplies to .forward' linked industries 
(processing, transportation, marketing and trade, etc.) 
Tax revenue changes 
(property, sales and income taxes from production and sales of agricultural commodities) 
Changes in demand for social senrices ' 

(unemployment, health care, other) 

State Above changes at the State level 
Changes in consumer prices 
Shifts in California's comparative advantage 



Table 78: Observed and Potentlal Impacts of Reduced Water Avallablllty on Local, State and Natlonal Ecommles (cont.) 

lndlcators of Change 
Qualltatlve Quantltetlve 

Natlonao 
Changes in national income 
Changes in federal excise, transportation and other tax revenue derived from farm production 
Changes in export revenues 
Potential impacts on: 

production stability 
*balance of trade and international competitiveness 
.federal program commodity costs 
*solvency of financial institutions 
.other 



Table 7.6: Obsewed and Potential Resource Impacts from Reductions In Water Supplies 

Indicators of Change 
Qualitative Quantitative 

Drainage effluent 
Surface water and groundwater quality (TDS levels, heavy metals, sail balance, etc.) 
Water table levels 
Aquifer depletion 
Land subsidence 
Wind erosion 
Riparian habiad 

- 



Table 7.7: Constraints on District Responses and Adjustments 

Constraints on Level, Timing and Reliability of District Water Supply 

Hydrological 
shallow or no aquifer 
poor groundwater yieldlquality 
no local.surface water sources 
intradistrict hydrological heterogeneity 

Physical System 
seasonal supply restrictions 
physical system bottlenecks 
overall pumping and conveyance capacity 

Legal 
priority and type of water rights 
restrictions on rights ("beneficial use") 

Resource 
existing overdraft situation 
quality deterioration 

Pollcy 
regulation of water transfers 
contract conditions 
pricing policies 
water quality standards . 
flow restrictions 



Constraints on District Supply Management 

Project Contracts 
variable water entitlements (Class Il/sulglus) 
critical year reductions 
maximum monthly entitlements and flow rates 
no profits allowed from transfers (CVP) 
limits on size of district service area 
compliance with Bay-Delta water quality standards 
land use restrictions 
fixed payment obligations 

Federal Commodity Programs 
acreage restrictions (eligibility requirements 
for deficiency payments) 
farm size restrictions (CVP only) 

Legal Declslons 
Racanelli (water quality) 

. Barcellos (Westlands Priority 1,2,3 allocations) 
Reclamatbn Reform Act 
Bradley Bill (potential) 
Legal allocation requirements 
Continued legal challenges 

Physical System Management 
hydraulic capacity/conveyance limits 
canal capacity (intra and inter-district) 
delivery efficiency rates (seepage losses) 
limits on storage capacity 



Table 7.7: Constdints to District Responses and Adjustments (cont.) 

Financial Constraints 
long-term debt 
limits on cash reserves 
limits on revenuegenerating capacity 
fied payment obligations (CVPISWP) 
loan eligibility (credit risk increases with supply unreliability) 
escalating water costs (esp. SWP) 
rising operation and maintenance costs 

. Resource Constraints 
surface water and groundwater quality 

. drainage management and disposal 
fish and wildlife habitat (required seasonal flows, water quality, dredging restrictions, 
riparian vegetation, endangered species w i n g ,  etc.) 
urbadrural demographic pressures 
st&! environmental review requirements for new projectstrights 



Table 7.8: Constraints on Producer Responses and Adjustments 

Constraints on Level, Timing and Reliability of Producer Water Supply 

Hydrological 
access to groundwater 
weU yields 
local surface water availability 

System Constraints 
district capacity to provide timely surface water delivery 

Water Rights 
priority status 
project participation and contract provisions (CVP, SWP) 

Constraints on Management of Available Supplies 

Agroclimatlc 
weather (precipitation, wind, etc.) 
soils (permeability, salinity) . 
twography 

On-Farm Physlcal System 
on-farm storage 
drainage facilities 
water application efficiency 
water use measurement (surface and ground) 

Idgation Technology Information 
lack of technical assistance 
imperfect information 
computer liieracy 



Table 7.8: Constraints to Producer Responses and Adjustments (cont.) 

Constraints on Management of Available Supplies 

lnstltutlonal 
commodity program restrictions 
contract obligations with water districts 
water transfer policies 
disirict allocation polkies 
flow and timing restrictions 
district groundwater programs 
drainage water qualityAeve1 standards 

Flnanclal 
cash reserves 
long-term debt 
loan eriibilSty 

Market Conditions 
market share 
commodity prices 
profit margins 
long-term contracts (prodessors, marketing boards) 

Farm Structure 
farm size 
ownership 
operator characteristics 
geographic distribution of farm operation 

Resource Quality 
irrigation water quality.(silt, salt concentrations) 
drainage management and disposal 
protection of endangered species 

b 
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7.5 Proposed Plan of Study: Phases Ill and IV 

The &se study approach used in Phases 1 and I1 of the study will be continued in Phase ID,, 
building on the research base developed thus far for analysis of selected district, producer, 
local economy and resource quality impacts. These impacts will be modelled using surface 
and groundwater supply assumptions provided to the study team by the Technical Advisory 
Committee PAC). Continuing with the case studies ensures that a wide range of observed 
and potential impacts will be assessed and that specifib legal, institutional, physical and 
economic constmints will be incorporated into the analysis. 

The economic impact analysis in Phase III will be guided by a "partial" net social welfare 
faamework ohat considers both the private and social costs and benefits of adjustments to 
reduced surface water supplies. The direction and magnitude of a chosen subset of district, 
producer, local economy and resource quality impacts will be assessed. Quantitative 
.analytical techniques will be used to estimate impacts where adequate data are available; 
detailed qualitative analysis will be used in other instances. The "state of the system" 
assumptions prevailing in Phase I[ of the study will remain valid in.the Phase IU analysis. 
As mentioned above, however, relaxation of some of the assumptions or constraints 
(institutional, physical, economic) will be explored for their pomtial mitigating effects on 
case,study districts and producers and related local economy and resource quality issues. 

7.6 Tasks for Completion in Phases Ill and IV 

Obtain Water SugpScenariosfn>m the TAC 

The study team will work with the TAC and the hydrology subcommittee to finalize a set of 
' 

probable supply levels likely to result from different assumptions regarding water quality 
standards for the Bay-Delta. The supply levels will be expressed as "probabilities" of 
delivering given levels of supply for the Central Valley Project and the State Water Project. 
In other words, the scenarios will be expressed as the number of years in a given time 
period that water deliveries will approximate certain supply levels (e.g. wet., above average, 
normal, dry and critical). Water supply scenarios will also specify the amount of 
groundwater that can be pumped in any given year, expressed either .as an acre-foot amount 
or is meeting certain criteria (for example, no net overdraft within any ten year period). 
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While no one expects the levels or standards selected for this analysis to be those 'that the 
-SWRCB ultimately adopts, they will provide a mechanism by which longer-term responses 
can be solicited from districts and producers. Because shortages are likely to be sporadic 
and not as "deep" as those experienced during drought years, a more accurate assessment 
of the impacts can be determind with this method. Furthemore, by presenting water 
supply reductions as a year-@year "probability," a more realistic set of investment patterns 
will be revealed by farmers than under "emergency" drought conditions. For example, 
farmers may invest in wells or mok efficient technologies at different rates under a 
"randomgq path of water ductions (e.g. 20 percent chance of a "critical" year) than under a 

"flat reductiong' scenario (e.g. 15 percent annual reduction). 

As h e  h e w o r k  for analyzing impacts has beem developed, it has become clear what data 

remain to be collected in the case study districts. For examp1e;only hwo of the f i v ~  dishicts 
where producer groundwater pumping is important have developed estimates for producer 
pundwater use. Data for extractions in the other three districts will have to be developed 
to ensure consistent application of the TAC water supply scenarios. Other data that will be 
col.lezted include frnal 1991 surface water deliveries, frnal 199 1 cropping patterns, federal 
coanmcxiity program participation rates and the most recent financial statements for each 
district. 

Task Three: Conduct Focus Group with 

Analysis of financial statements for the last few years will serve to determine the financial 
imp& suffered by the case study districts from went surface supply reductions. District 
responses to the TAC water supply scenarios will be modelled based on extensive 
consultation with "focus groups" comprised of district personnel. .Expected adjustments 
under projected long-run changes in water availability will be elicited. The focus groups 
will be organized according to standard statistical procedures that should minimirc any bias 
in their responses. Particular interest will be paid to expected behavior regarding water 
pricing, capital investments, groundwater extractions and future exchange and/or transfer 
arrangements with parties outside the district. 
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Focus groups will be used to elicit responses to the TAC water supply scenarios from . . 
producers as well. Comprised of producers representing the full range of major crops in 
each district, these focus groups will be presented with 1990 and 1991 data for district- 
level cropping pattems and land use changes, representative crop budgets, per acre water 
use, groundwater pumping levels and other important "decision" variables. Given this 
information, producers will be asked to predict their behavior (responses and adjustments) 
under the TAC water supply scenarios. -e expectations will be used to determine a 
"range" of likely responses and adjustments by producers. Focus groups will also be 

asked how their responses and aiijustments would differ given specific changes in 
prevailing constraints. 

Expected responses and adjustments of participants in the district and producer focus 
groups will be compared to the empirical analyses of district-level data to detknine if they 
are consistent with "rational" decision-making. Investigation of both the primary data and 
the predicted responses will occur where there are sizeable deviations. Selected impacts 
will then be quantified within the net social welfare framework discussed above. 

Economic impacts at the district-level will be assessed by analyzing how changes in water 
supplies will affect individual items on the balance sheets. It is expected that districts will 

face reductions in water sale revenues and increased costs of obtaining non-contract 
supplies. The balance sheet analysis will determine the extent to which current "stop gap" 
measures (e.g. hiring freezes, maintenance deferral, etc.) can be used to balance the district 
budgets in the long-run. Other options for maintaining a balance between expenditures and 
revenues, such as changes in water price policies andlor assessments, will be analyzed 
using information obtained fiom the focus groups. The result will be a measure of district 
financial performance and the likely changes that will need to take place tb ensure financial 
solvency in the long-run. 

Changes in "net value of production" for the major crops will also be assessed by the study 

team. Using the cropping patterns and land use changes elicited in the focus groups as well 
as projected costs of production, net value of production will be calculated under each of 
the TAC water supply scenarios. Sensitively analysis will be conducted to test 
assumptions about water costs, commodity prices and other key variables. 
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Local economy impacts will be derived from the district and farm-level responses and 
adjustments to the TAC water supply scenarios. Local economy indicators are likely to 
include: 1) c h g e s  in the level and composition of on-farna employment; 2) growth and 
employment changes in . agriculturally-related . imdustries; md 3) changes in the countylcity 
tax base 6.g. tax revenues from fann income and property and rek@ industries). Sources 
of information on these indicators includk the Census of Manufacnuing and the California 
Economic Development Department. The social costs associated with changes in 
employment and local tax revenues will also be discussed 

Many observers expect new water quality standards to require more fresh water to be 

flushed into the Bay to serve environmental needs. This study does not assess the probable 
benefits of these additional flows to the Bay-Delta. Nevdeless, it will provide important 
information on chmges in resource quality within each case study district from ~ u c t i o n s  
in surface water deliveries. The most important resource impacts have been identified as: 
1) increased groundwater pumping with associated changes in groundwater quality, aquifer 

storage capacity and pumping depths; and 2) changes in the quantity and management of 
drainage effluent. Existing data bases and research will be relied upon to assess the 
selected resource quality impacts. 

bv Ch- Prevadlnp Co- e .  . . . 

Phase III will conclude with an analysis of the potential "mitigating" effects on the case 
study districts of changing or "relaxing" certain key physical and institutional constraints 
idenwed earlier in the study. Pending review by the TAC, the following changes appear 
to be likely candidates for more detailed examination: 1) development of Delta conveyance 
facilities; 2) improved management and regulation of groundwater pumping; and 3) 
increased flexibility in water hansfm. . 

The first change addresses the physical system constraints that affect the quantity, quality, 
timing and reliability of water flowing through the Bay-Delta. Expanding and improving 
the Bay-Delta conveyance facilities would provide more flexibility for the delivery of water 
in wet and dry years, particularly the movement of transferred water from surplus to deficit 
areas. In Phase III, the analysis will focus on the potential benefits from such facilities 
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above and beyond changes in surface water supplies that are captured by the TAC water 
supply scenarios.. Environmental costs or benefits for the Bay-Delta. would not, however, 

be considered in the-analysis. 

The potential mitigating effects from improved groundwater management and regulation 
will be discussed generally, and then applied to the case studies. Specifically, Phase III 
will explore the potential benefits and costs from institutional/ legal changes that would 
grant increased authority for regulating on-f&m groundwater pumping (e.g. metering, 
pumping taxes, etc.). The question of "how much overdraft?" to allow will also be 
addressed. 

Legal and institutional restrictions on water transfers have been relaxed in recent years 
motivated primarily by drought-induced watef scarcity. As Phase II of the study describes, 
however, significant consmints on transfers remain. Phase III will examine the potential 
mitigating effects on the case study districts of easing current restrictions (federal, state, 
local) on: 1) inter-district transfers; 2) private w w  transfers among producers in different 
dist&s; and 3) water transfers from or-to USBR districts, specifically. 

k Seven: m n d  the C1- R e s u  to 

It is anticipated that Phase IV of the study will explore the extent to which the case study 
results presented in Phases I1 and III can be generalized at high& levels of aggregation- 
both regionally and statewide. Where feasible, the case study research base may be' 
integrated into existing economic. models to provide information about the aggregate 
economic impacts of actual and projected changes in- water supply conditions. Such 
models will only be useful, however, if they can be modified to reflect the inherent 

complexities identified in Phases I1 and III and/or the results of the models can be properly 
qualified to account for these complexities. 
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Task Ei~ht: -Com~lete the Final R m r t  

PHASE II DRAFT 

The final task will be completing a report describing the research fmdings of the study and 
thc most important conclusions that the S W B  should consider in developing water 
quality standiirds for the Bay-Delta. The study team will present preliminary drafts of the 
fiflal report to the TAC for review and conpnent. 
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t APPENDIX A: List of TAC Members 

Name Affiliation 
Robert Alcott El Dorado Irrigation District 
Sandra Archibald Food Research Institute, Stanford University 

0 .  

James Bead Alameda County 'Water District 
Gary Bedker .US. Bureau of Reclamation 
Joe Callahan Sierra Club 
William DuBois California Fam Bureau Federation - 
Sandra Dunn DeCuir and Somach 
Farhad Farnam Department of Water Resources 
John Farnkopf . ' Bay Area Water Users Association 
Mike Farro State Water Resources Control Board 
David Fullerton Committee for Water Policy Consensus 
RayGaines . Central Valley Project Water Association 
Howard Hirahara U.S. Bureau of Reclamation 
Lyle Hoag 
Ray Hoagland 
William Johnson 

California Urban Water Agencies 
Department of Water Resources 
Modesto Irrigation District 

Leroy Kennedy 'block Irrigation District 
Bob McKusick 
Lloyd Mercer 
WD. Morgan 
Tim Quinn 
momas Rim 
Cliff Schulz 
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Northwest Economic Associates 
Economics Dept., UC Santa Barbara 
EconoI1.nics Dept., UC Santa Barbara 
Metropolitan Water District of Southern Calif. 
Metropolitan Water District of Southern Calif. 
State Water Contractors 
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APPENDIX B: Field Interviews 

June 27-28: Central California Irrigation District 

Michael Porter, Manager 
James O'Banion, President, Board of Directors 
John Fawcett, Member, Board of Directors 
Don Anderson, Irrigation Specialist 

July 11-12: GlemColusa Irrigation District 

Bob Clark, Manager 
Donald Cecil, Member, Board of Directors 
Dennis Michum, Jr., District Accountant 
Louis Hoskey, District Watennaster 
S.W. Dunlap, District Controller 
John Jaklitsch, USBR Repayment Specialist 
Donald Perez, ASCS County Executive Ditector 

July 15-16: Westlands Water District 

Gerald Butchert, Manager 
Bob Stanley, District Engineer 
Jim Ganion, District Counsel 
Dave Orth, District Financid Officer 
Steve Ottomueller, District Operations 
Shelly Vuicich, District Public Relations 
Lany Turnquist, Farmer 
Ross Borba, Farmer 
Mark Borba, Farmer 
Terry Aman>, Farmer 
Paul Couture, Farmer 
Gary Robinson, Farmer * 

Jim Dufer, Farm Machinery Dealer 
Paul Wilson, Pesticide Dealer 
David Berman, Wells Fargo 
Ken McCorkle, Wells Fargo 

July 17-18:. Arvin-Edison Water Storage District 

Cliff Trotter, Manager 
District Watennaster 
Gary Bucher, KCWA 
Howard Frick, President, Board of Directors 
Several Farmers 
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July 31, August 1:. El Dorado Irrigation District 

PHASE ll DRAFT 

Robert Alcott, Manager 
Fred McKain, District Engineer 
Dorine Kelley, District Public Information 
John McPherson, District Finance 
Jim Kosta, Irrigation Consultant 
Edio DeKio, County Agriculture Commissioner 
Bob Reeb, General Manager, El Dorado County Water Agency 

August 14,21922: Wheeler Ridge-Man',copa Water Storage District 

Amold Rumrnelsberg, Manager 
William Taube, Assistant Managerffigineer 
Board of Directors (scheduled meeting) 

July 18, August 22: Lost Hills Water District 

Phillip Nixon, Manager 
Joe Steele, Engineer 

Ag. Econ Study(CEPRJStanford University 

d 



PHASE ll DRAFT 

APPENDIX C: S,elf-Supplying Irrigators 

February 14,1992 ' 

Introduction 
To ensure wide representation of agricultural producers throughout the SacramentoISan 
Joaquin River watershed, a sample of "self-supplying" irrigators was surveyed by the 
study team. William DuBois, a consultant to the California Farm Bureau Federation and a 
member of our study's Technical ~ d h s o r y  Committee, provided a list of names and 
addresses of producers in Plumas and Sierra counties. On August 19,1991,276 surveys 
w&e mailed to these producers. A follow-up letter was mailed to 217 producers on 
September 18,1991 to remind them to return their completed surveys. 

Of the 276 surveys that were initially mailed, 28 wexe returned by the U.S. Postal Service 
as undeliverable (change of address, unclaimed, no such street, etc.). An additional 34 
were returned but not tabulated because the respondents were no longer involved in 

farming or did not irrigate their k P s  (e.g. tree farmers). The survey results presented in 
this appendix are 'baied on 44 questionnaires that were completed by producers currently 
engaged in irrigated agriculture. This represents a net "yield" of approximately 1 8 
percent. 

Survey Results 
The respondents were primatily Livestock operators who use irrigation water for growing 
pasture and hay. Of the surveys analyzed, 39 reported having cattle in 1991. The 
remainder leased their pasture, produced fruit and vegetables or kept other kinds of 
animals (horses, poultry, sheep). Figure C. 1 displays the distribution of the herd size in 

1991 for those with cattle. Appmxixnately 18 percent of the operators had less than 100 
head of cattle in their herd in 1991,62 percent hiid between 100 and 500 head and 21 
percent had more than 500 head. When asked if the size of their herd had changed 
significantly over the past five years, 62 percent responded.that there had been no change, 
31 percent responded that the size of their herd had declined and 8 percent responded that 
the size of their herd had increased in size. 

Operated acreage for the farming operations ranged from under 100 acres to over 10,000 
acres. l%e distribution of the operation size in 1991 was fairly evenly distributed across 
the various size categories as displayed on Figure C.2. Approximately 44 percent of the 
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operations were less than 500 acres in 1991,19 percent were between 500.and 1000 gicres 
and 37 percent were larger than 1000 acres. When asked if the size of their operation Rad 
changed significantly over the past five years, 80 percent responded that there had been no 
change, 10 percent responded that the size of their operation had decreased and 10 percent 
aspen&d that the size of their operation had i n c r e d  

Most of the respondents owned the land they opmted. Approximately 65 percent 
reported owning their operated acreage, 9 percent leased their operated acreage and 26 
percent reported that they both owned and leased their operated acreage. By and large, the 
larger operations consisted of a greater proportiin of leased land, wbile most of the 
smaller operations did not include any leased land. It is interesting to note that many - 
respondents indicated that their land had been in the same family for more than fifty years. 

Nearly all of the r e s p h t s  grew pasture and hay. Half of the resgowhts grew pasture, 
21 percent gm hay and 31 percent grew a combination of hay md pastme. Several 
operations also devoted a small po*om of their acreage to fruit and vegetable crops. 
Figwe C.3 displays the types of Lrigation systems used for pasture and hay production. 
Approximately 79 percent of the pasture was irrigated using flood systems exclusively. 
The remaining irrigation systems for pasture included sprhlcler (6 percent), flood and 
sprinkler (9 percent) and other (6 percent). For hay pfoductiom, 55 percent used flood' 

systems exclusively, while 23 percent used sprinkler systems and 23 percent used 

sprinkler and flood systems. 

Water for irrigation purposes was generally obtained from local creeks. It is interesting to 
note that many of the creeks have been subject to court-supervised adjudications. Creeks 
listed by respondents as adjudicated include Indian Creek, Green Horn Cree&, Chandler 
Creek, Wolf Creek, Long Valley Creek, Nichols Creek, Antelope Creek, West Hamlin 
Creek, Cooks Creek and Ward Creek. Several respondents attached copies of the 
adjudication of the Indian Creek Diversion. A significant number of "dates of fmt 

diversion" listed by the respondents date are from the. mid- and late 1800s indicating early 
priority water rights. 

Approximately 36 percent of the respondents indicated they rely, at least partially, on 
groundwater for their irrigation needs. In general, groumdwater extractions 'represented a 
s d  share of total water supply. Of those using groundwater, more than 80 percent used 
elect& powered pumps, while the remainder used other types of pumps. 
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Finally, nearly all respondents listed several ways that they have improved water 
management efficiency in recent years. Some of the more frequently mentioned 
conservation measures included stream bank rehabilitation, improved grazing 
management, installation of underground pipelines and more frequent cleaning of 
irrigation Bitches. 

Conclusions 
The survey of the self-supplying irrigators broadened the coverage of the study to include 
producers who.do not receive water from water districts, The self-supplying irrigators 
appear to have few options for obtaining additional water supplies in times of shortage; 
most rely on a single source of water for irrigation. In most cases, the demarcation of 
water rights is very clear due to extensive adjudication in the study area. Groundwater 
sipplies are limited, Wer constraining the responses and adjustments of these operators. 

It appears that many of the self-supplying irrigators have "senior" appropriative water 
rights (and in several cases, riparian rights). ~trong'watei rights coupled with the self- 
supplying producers' close proximity to the source of supply suggest that water supplies 
will generally be available except in the driest years. In any case, the impacts from 
reduced water suppilies thus far in the drought do not appear to have been severe for the 
self-supplying irrigaton surveyed, although further study is required to understand fully 
how changes in water supply conditions will affect these producers. 
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Figure C.l: Number of Cattle in 1991, Self-supplying 
Irrigators 
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Source: Producer Surveys 
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Figure C.2: Size of Operation in 1991, Self-Supplying 
Irrigators \ 
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Source: Producer Surveys 
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Figure C.3: lrrigation Systems In 1991, Self-Supplying 
lr.rigators 
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Source: Producer Surveys 
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