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le
CHAPTER I

INTRODUCTION

The Problem

Agriculture in California is a complex, dynamic industry. There
are many forces which have prompted constant adjustment and change in
the past tho_.t will contimue to shape the structure of agriculture in the
future, The direction of these adjustments will depend on the nature and
relative importance of these forces, which include population arnd income
growth, urban expansion and sprawl, technologiocal changes both in sgri-
culture and in related industries, foreign market developments, shifting
consumer preferences, and govermmentsl programs, Although per capita use
of all farm products is expected to change little, there may be significant
changes in diet, relative pices, and rescurce use and organization in
agriculture,

Competition for Land Resources

A favorable climate and abundant rich soil make California a
particularly attractive enviromment for pecple as well as for agriculture,
With net in-migration to California averaging 340,000 persons per year in
the past decade, total population has inoressed at an anmial rate of approxi=-
mately 528,000 persons [15, pp. 1-3]. Industiry has expanded rapidly
necessitating the growth of public and private services incidental to this
expansion. All this growth requires space and increases the demand for
lanrd. In order to accomodate the influx of people and industry, about
54,000 acres of land per year have been converted during the past ten years
from other purposes to urban uses, The capitalired value of larnd for
traditional agricultural use cannot hope to compete with its wvalue for



2.
subdivisions, shopping centers, or industrial plants, Therefore, as

industry and people move in, agriculture moves out,

Total population in California is projected to be 26,4 million by
1980, which represents an annmual increase of 512,000 persons from the
1965 estimate of 18,7 million. This projected rate of population growth
is s)ightly lower than during the previous decade, However, the rate of
lard conversion to accomodate this continued urban and industrial expansion
is projected at 61,000 acres per year, a somewhat higher rate than before,
It is estimated that 90 percent of this acreage will be taken from
agricultural land,
Increasing Demand for Agricultural Products

These forces of expansion which reduce the land base supporting agri-
culture in California also increase the demand for agricultural products in
California, and in the United States., As the population grows, so do
aggregate requirements for food and fiber, With a rising income level,
more living space per person is demanded, and consumer preferences for
particular types of food shift as well. This shifting of consumer prefer-
ences is expected to increase per capita requirements for many of the foods
in which California specializes, For example, two of California's most
important crop groups are fruits and vegetables, Daly and Egbert [34, p.5]
project that United States per capita consumption of these commodities in
1980 will be 6 percent higher than the average of the period 1959-61.

Crop production in California has increased significantly in the
past fifteen years with no net increase in gross lard resources used
[10‘#. p.lu].y Technological developments, improved varleties of crops,
botter management practices, ard increased use of other resources (e.g.,

fertilizer) have generally allowed per acre yield levels to increase as

1/ However, from 1940 to 1954 the acreage of cropland harvested increased
27 percent,
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rapldly as gross output levels. Since 1645 the per acre yield of some
commodities has increassed as much as 200 percent in California. The
rate of increase has been significantly lower for other crops, but yield
levels of all commodities are higher now than they were 20 years ago.

Maintaining the Apricultural Land Base

Although gross lard inputs to agriculture have not changed much,
the patterns of specific land use and crop production have changed signi-
fieantly under the pressures of urban expansion. To offset the decreases
in cropland due to urban and industrial expansion, individual farmers
have developed unused land for production, Possibly more important have
been the effects of govermmentally financed conservation and irrigation
developments, With water the 1imiting resource in many areas, water
projects have made possible the conversion of unused land into productive
farms; e.g,, the California Water Project on the west side of the San
Joaquin Valley may bring as much as a million acres of idle land into
production by 1990 [60]. Another project, which will increase the acreage
of irrigated land on the west side of the Sacramento Valley, 1s the
construction of the Tehamg-Colusa Canal. Plans are also being 6onsidered
for the construction of a major drain down the center of the San Joaquin
Valley which would expand the possibllities for permanent reclamation of
solls with heavy salt concentrations. On a smaller scale, other projects,
both public and private, are helping to maintain or expand the land base
by bringing additional land into production,
Governmental Farm Programs

Governmental programs are largely responsible for the year-to-year

changes in the California crop acreage of rice and cotton and also affect
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the production of wheat and feed grains, However, the stability in the
past decade of the distribution of State cotton acreage among counties
has been due to the existence of an acreage allotment program with its

accompanying restrictions on the transfer of such allotments,

Some Relevant Questions

The future of California agriculture is constantly in the forefront
of policy decisions by goverrment and in the plans of individugl farmers,
land investors, and industry, Legislators and directors of govermment
agencles ask, "How much new land will be needed to maintain California's
current share of the nation's food and fiber market? How cheaply must
water be made available if new lard is to be brought into production? How
can urban and industrial expansion be directed to minimize adverse effects
on agricultural production? What impact do aoreage allotments and other
government programs have on econonic effieclency in producstion? What
policies and projects should be carried out to keep agriculture a viable
force in California's economy?! Farmers planning enterprise growth want
to know which cropping patterns will likely maximize profit, Processors
need sound production projections to make decisions such as where to locate
plants, what sire to construct, and how much expansion to allow for,

No one can exactly predict future changes in demand, technology,
production, and prices of farm products, However, because farmers,
processors, legislators, and administrators are forced daily to make
decisions on the basis of future expectations, economic projection becomes
a rimary function of researchers whose aim it is to aid such people to

make rational decisions,
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Various types of projections relating to California agriculturel
production have been made within the university system, goverrment, and
private industry., However, these projections have primarily concentrated
on single resource or product categories, Projectlions of location and
activity of specific commodities (e.g., King and Schrader [58] ),
conversion of agricultural land to nonagricultural purposes (e.g.,
Conservation Needs Inventory [9] ), and water demands in specific areas
(e.g., California Department of Water Resources |24, 26, 28] ), have been
made, These various sets of projections have been developed for the most
part independently, based on very different assumptions, and have been made
without adequate consideration of the interrelationships among them, One
set of projections, by Dean and McCorkle [41], has included all major orop
and livestock groups as well as the major resources in California. However,
the projections are related primarily to State output of crop groups amd
to reglonal requirements for major resources in the production of the total
bundle of agricultural commodities, In addition, these projections,
published in 1961, were for the target date 1975, The need now exists
for a more extensive and current set of projections to aid in industrial

and governmental planning.

Objectives of the Study

The ultimate objective is to nmrovide a set of California agricultural
projections which are for an intermediate time period (e.g., projection
date of 1980), which are comprehensive in coverage of major products,
primary resources, and geographic areas within the State, which are detailed
in specific crop groups by area of the State, and which are internally

consistent. However, since many years of research will be required before



analysis of all the important varlables shaping California agriculture
can be completed and applied in detail to all major resources and
products, the scope and methods used in this dissertation rmust be
carefully limited.

Research Focus

The basic gssumptions and framework of this study must be formulated
soundly to allow other studies to be built upon them so as to achieve
the ultimate objective through additive research, Because the location
of orchard and vineyard crops is essentially fixed for many years after
planting, the detailed projections of this study will focus only on
major changes in field and vegetable crop production within the State,
Estimates of resource requirements should focus on land and water,

Gross projections of orchard and vineyard crops and minor field crops and
vegetables, though not covered in detail, should be included in order to
project total resource requirements, In order to project product prices
and total input costs, the cost of resources other than land and water
will need to be estimated also,

The practical orientation of this research is to inventory land
resources by major production area, determine the gross requirements
for all urban uses and crops not receiving detailed attention, and then
to project the locations ard requirements for the major study crops
subject to the residual resource constraints., Water resources will also
be inventoried in areas where they may restrict production before the

land resources become limiting., All other rescurces, (e,g., fertilizer,

6.

machinery, etc.) will be assumed available in unlimited supply at specified

unit costs,
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Specific Objectives

The impact of the natural resource endowment on the location of
California's field and vegetable crop production will be analyzed with
all other variables set at exogenously determined levels or unit costs,
Rather than predicting the equilibrium conditions, the research conclusions
will be of the form: 1if X, then ¥, That is, if the set of exogenous
variables, X, were to ocour as specified, then it is projected that the
set of ermdogenous variables, Y, should also occur, Subject to the
acourate estimation of the exogenous variables, to be discussed in
succeeding chapters, answers to the following questions will be obtained
for the target year 1980:

1. Will California have the productive capacity to retain its

current share of the nations's food and fiber market?

2. Can California produce the share of national output projected
by recent trends?

3. What will be the locational structure of field and vegetable
crop production which will maximize profits to producers if
they supply the share mrojected by recent trends? How does
it compare to the optimal 1961~65 locational pattern estimated
by & similar model for that period?

4, What will be the imputed farm price of each commodity if perfect
competition prevalls? How will it compare with ocurrent price?

5. What will be the imputed rents on land and water resources,
where restricting, under perfect competition?

6. What will be the requirements for irrigated land in each region
of the State in 1980 as compared to the present?
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9.

How will the feed grain production be distributed among

the various feed grains if total net energy is produced

at least cost?

At what maximum price of water will all alluvial soll on

the west side of the San Joaquin Valley come into production?
What would be the effect on optimum production locations

ard total cost of retaining the current cotton allotment
program in force through 19807

In addition, the locational structure, irrigated acreage requirements,

and imputed farm product prices of field crops and vegetables which

maximize profits to producers will be sought for average 1961-~65 output

levels and resource restrictions,

Further objectives of a methodological nature include:

1.

2,

3.

Teating the applicablility of a large scale programming model
to use as the basls for detailed economic projections,
Exploring new ways of defining production areas, ways which
are based on the production capabilities of multiple factors.
Investigating feasible methods of projecting urban acreage
expansion by homogeneous resource unit for use in a programming
model of agricultural adjustments,

Developing a basic model with which to analyze the effects of
possible changes in yleld, cost, demand, urban expansion, and
goverrmental policies on agricultural production patterns in
California.

It should be emphasized that although this study will provide some

detailed areal projections, the purpose is to provide estimates for policy

purposes and irdustry planning and not to serve as a planning model for an

individual farmer,

8.



Plan of Presentation

The remainder of the text falls naturally into three sections,

The theoretical discussion is in Chapter 2, the development of model
parameters in Chapter 3-6, and the results of analysis in Chapters 7-9.

In the first part of Chapter 2, an overview of general spatial
equilibrium theory is presented as the more general type of theory
encompassing the procedures of this research project, The specific
simplifying assumptions for this study are there identified, and the
model framework is presented in mathematical form in the latter part.

Chapter 3 clarifies methods of delineating "homogeneous production
areas" as spatlal units of analysis, The acreage restraints for the
study crops in each production area are developed in Chapter 4, in which
special emphasis is given to urban projections and to current land use
inventories of orchard and excluded vegetable crops. Other important
production area restraints are developed in the same chapter. Typical
study crop yleld and variable cost estimation comprises the body of
Chapter 5. A brief anslysis of past amd projected future ylelds is also
included in this chapter. Chapter 6 is devoted to estimating 1980 output
parameters as a share of projected U,S, output.

The findings of the base period model are summarized in Chapter 7,
where crop location, irrigated acreage, and mroduct prices of the model
solution are compared with the actual base period estimates, and possible
reasons for observed differences are suggested, In Chapter 8, the
1980 model solutions are compared with the base period. The only
difference between the first two 1980 models is in the cutput vector, In
one, California output is projected as the base period share of 1980 U.S.
output; in the second, it is projected as a changed share of U,S, output.



The output mrojections in the third 1980 model are the same as in the
second; this model is developed to determine the least cost feed grain
mlx which would satisfy the total feed grain energy requirement. 7Two
extensions to the third model provide tentative answers to the final
questions raised in the previous section concerning 1) water priecing on
the west side of the San Joaquin Valley and 2) the effect of the cotton
allotment program on efficlent production. In Chapter 9, the major
findings and implication of the 1980 models are concluded, the methods
of analysis used are evaluatsd, and a mumber of relevant areas meriting
further investigation are suggested.

The actuasl parameters used in the study models, necessary supporting
data, and detalled tables of the model results are confined primarily

in the appendices.

10,
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CHAPTER 11

FRAMEWORK OF ECONOMIC ANALYSIS

The relevant economic theory and tools of analysis for the projection
of product location are discussed in this chapter. Because of the overall
objective of making detailed projections for a broad spectrum of agricul-
tural activity in California, this discussion will not be confined to the
specific analytical framework required for the dissertation mroject.
Rather, a theoretical and analytical base is established which subsumes the
framework required for this study and into which possible additive research
projects can also be incorporated in accomplishing that goal.

In the first section of this chapter, the development of general
spatial equilibrium theory is discussed, In the second, a model for the
solution of general spatial equilibrium type problems is described. Its
mathematical development is included as an apperdix to the dissertation.
The simplifying assumptions required to make the dissertation project com-

putationally feasible are then presented with the specific allocation model
used,

General Spatial Eguilitelum Theory in Review

The theoretical framework into which this study will be incorporated
is that of general spatial equilibrium [ 57, 63]. This theory has developed
through the fusion of two lines of thinking == neoclassical and location
theory. Walras was a master of the first line arnd provided an analysis for
general equilibrium in a multi-product market., Space, however, was not con-
sidered variable in his gpmroach, To fill in i:he spatial gap left by the

neoclassical theorists, there evolved a group of economists who became known
as location theorists, They considered economic activity in space, but
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generally in a partial equilibrium framework,

Location Theor
Von Thunen [107] is known as the father of location theory. He con-

cerned himself with the theoretical considerations of the location of
agricultural production around a single center of population. His market
was treated as a unit isolated from the rest of the world, He made a signi-
ficant contribution in turning economic thought to include costs of trans-
portation as an important element in the determination of economic activity.

Weber followed Von Thunen with an analysis of spatial evolution from
the primitive agricultural society to an industrialized nation, Lefeber
[63] credits Hoover [53] with having provided the theoretical framework of
the theory of the firm and partial analysis to make Weber's location analysis
compatible with contemporary economic theory.

More than a century passed after Von Thunen first ploneered in location
theory before any economic theorists made an earnest attempt to broaden loca-
tion theory to the general case of multi-markets., Losch [65] was the first
to create a general system through the fusion of general equilibrium analysis
with location theory. Assuming a homogeneous spatial production plane, a
uniformly distributed population, and a continuous transportation surface,
he derived the concept of economic regions,

Isard [55] followed with a significant attempt to create an analytically
useful ",... general theory of location " through the synthesis of Weberian
thinking with Losch's analysis of market space, He, like Losch, assumed a
continuous transportation surface which proved to be a significant obstacle
to computational analysis, Being contimious, it is difficult to estimate
the transport plane with linear functions which would lend the problem to
more convenient solution by electronic computer l/[63. PP. 3-6].

1/ For more detail of the contribution of location theorists to a general
equilibrium see Isard [ 55, pp. 27=5¢].
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Neoclassical Spatial Eguilibrium

Several neoclassical theorists have likewise given serious attention
to the problem of inter-spatial market equilibrium. Thelr attention has
been motivated by the need to broaden the economic tools of analysis
through the consideration of transportation between spatially separated
markets rather than the derivation of market boundaries over a contimous
spatial production plane,

Enke [ 46] defines the problem the neoclassicists have tackled very
clearly: "There are three (or more) regions trading a homogeneous good.
FEach region constitutes a single and distinct market., The regions,..are
separated -~ but not isolated -- by a transportation cost per physical unit
which is independent of volume, There are no legal restrictions to limit
the actions of the profit-seeking traders in esach region. For each region
the functions which relate local production and local use to local price
are known and consequently the magnitude of the difference which will be
exported or imported at each local price is well known, Given these trade
functions and transportation costs, we wish to ascertain: 1) the net price
in each region, 2) the quantity of exports erd imports for each region, 3)
which regions export, import, or do neither, 4) the aggregate trade in the
cormodity, [and] 5) the volume and direotion of trade between each possible
pair of regions." He develops a linear mathematical model capable of
solution by electronic analogue, His equilibrium solution, however, while
including multiple markets, is derived for a single homogeneous commodity
only.

Samuelson | 80] quickly followed Enke's analytical approach with a signi-
ficant theoretical development to show that such an apmroach is consistent
with the goal of maximizing "net social payoff". Assuming a constant marginal
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utility of money, he elegantly proves that for the single product case a
static equilibrium can be found in which the "net social payoff! is
maximized over all markets, The maximum can be approached by trial and
error or by a systemastic procedure of varylng shipments in the direction

of increasing soclial payoff., The transportation cost between any pair of
markets per unit is defined as a constant, and the problem is expressed in
a linear programming format, Samuelson points out that with regional supply
ard demarnd given, maximizing net soclial payoff simultaneously minimizes

the sum of transport costs,

Beckmann [ 5] published an article the same year as Samuelson's
extending the formulation to consider the case where production and
consumption of a commodity take place in each infinitesimally small area over
space, This case has much the appearance of the contimuous spatial production
surface derived by the location theorists, However, if the areas are taken
as finite in mumber, the problem can be inserted into the Samuelson maximi-
zation framework., A solution could then be found simultaneously for both
the geographic distribution of production and consumption and the geographic
pattern of interregional flows.

General Spatisl Equilibrium
Following these theoretical developments of single product partial

analyses came Lefeber's general, multi-product, spatial equilibrium model in
which he fused neoclassical general equilibrium with the contributions from
location theory. He focuses ",,.on the problem of optimal resource allo-
cation and commodity distribution over space, given prices of final goods in
different markets or a welfare relation for spatially separated consumer
groups " [63, p. 8. He also develops a general equilibrium framework which
determines market prices of final commodities within the system as well as
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optimality conditions for both producers and consumers,

Lefeber bases his development on the following set of assumptions:
1) There are a fixed number of discrete location points in which both
production and consumption can take place, rather than a continmuous plane
of locational possibilities; 2) each point is endowed with an assortment
of productive factors; 3) there is no transportation cost within the region;
L) production of any or all goods ca;‘féké blace at any point assuming that
the necessary resources are available at that point or transportable to it;
and 5) perfect competition is assumed-- no single firm can affect the price
by adjusting its output placed on the market,

Lefeber presents a strong case for the inclusion of transportation
as a separate industry into this general scheme, i/hile most theoreticians
have assumed that tran5portétion costs per unit are dependent only on the
distance between markets, Lefeber insists that transportation needs to be
accorded the same respect as any other industry in the analysis. Transpor-
tation restraints are important in the short run, and in the long run trans-
port cost per unit can vary significantly based upon the demands placed on
it between pairs of regions. Depending on the relative cost of transporta-
tion to the value of product and on the cost of establishing new or enlarging
0ld transportation networks, transportation treated as a fixed cost per unit
between each pair of regions may be in significant error as a first approxi-
mation to the actual cost relationship.

Lefeber concerns himself with three levels of economic determination:
1) allocation of mroductive factors, 2) distribution of final goods, ard
3) choice of production locations. He develops an internally consistent
framework for the general equilibrium of a muitiple produet, multiple factor,
ard multiple region problem, This framework is finally simplified armd ex-

pressed in a linear programming format,
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A synthesis of various medels used in the general spatial analysis
of agricultural production and processing is presented by King [57]. The
approach, which essentially parallels Lefeber's, is static with the
important dynamic problems of growth and technological change bypassed in
favor of concentration on spatial aspects, The agricultural sector is
specified as to region and products within reglons. A general spatial
equilibrium framework is specified treating agriculture as if it were the
entire economy and its products the various industries within the economy.

Basic assumptions include constant returns to scale for the industry
and production points separated from consumption points. The reason for
the first assumption is simplification., The size distribution of individual
firms need not be considered if constant returns to scale hold because the
size of firm is indeterminate, Also the production function can be
expressed as a fixed input-output ratio which does not depend upon the
output level, The latter assumption is introduced for greater realism,
Since production of agricultural goods takes place in the area surrounding
population oclusters, it is a more reasonable first approximation to assume
an intraregional transportatlion cost. By spatially separating production
from consumption in each region, intraregional transportation becomes an
explioclit condition,

Non-transportable faotors, transportable factors, and intermediate
products are all introduced into the general framework. Final demand is a
function of price. The general spatial equilibrium problem of apgricultural
products is then couched in an activity analysis framework. The objectives
of the framework are to determine the equilibrium location of production
and processing, shipments of primary, intermediate, and final products,
demand for the non-transportable factors, and prices of each,
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A Model of location

A finlte number of relatively homogeneous economic regions can be
defined for California agricultural production, Therefore, in the deve-
lopment of the theoretical framework, the static neoclassical general equi-
1librium system will be generalized to encompass production and consumption
in reglions separated by transportation costs.

Further, since the locatlon of primary agricultural moduction, not
of processing plants, is the objectlive of this group of studies, the
theoretical development in this section will bypass consideration of inter-
mediate products in the general framework.l/

Agriculture will be treated as a distinct sector, and a general equi-
1ibrium will be derived for the products within that sector assuming ceteris
paribus in all other sectors of the economy. Thus, the theory will be for
a static general equilibrium within a partial analysis framework. The same
thing can also be said for any national framework which does not take into
account the effect on the national equilibrium of the exports and imports
of other nations. Any time some relevant variable is assumed fixed, the
result is a partial analysis framework, regardless of the number of variables
whose impact 1s considered endogenously within the system., Therefore, this
theoretical development for an intra-sectoral general equilibrium could just
as easily apply to an entire economy.

First, the general spatlal equilibrium problem will be specified in
very general terms and then simplified as necessary to become computationally
manageable,

The sets of equations needed include: demand for final products in each

region, supply of resources in each region (including both domestic avail-

1/ The interested recader is referred to Lefeber | 63, pp. 1l1-112] or

King (57, pp. 36-38] for the inclusion of intermediate products in the
frameWOI'k.
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ability and imports -- if applicable), transportation functions for
final products and tranSportable resources, and production functions,
Frovided that this system of equations meets the requisite conditions
for the existence of a unique solution, a general equilibrium theoreti-
cally can be found,

The word "theoretically" in the above argument should be emphasized,
fiven with such assumptions as homogeneous factors and products and well
behaved supply and demand functions (i.,e. dowrward sloping demand funection,
and supply function cuts demand function from below), it may be impossible
computationally to determine the general equilibrium without other crucial
assumptions such as perfect competition and a finite number of production
processes wilh fixed factor proportions, Without such assumptions, the host
of approximations and iterative procedures required to obtain the equili-
brium solution in a single-region, single-product case cast doubts as to
whether the equilibrium could be achieved in practice in a multi-region,
multi-product case,

For the purpose of establishing an analytical framework for this type
of study, the assumptions of perfect competition, a finite number of produc-
tion processes, fixed factor proportions, and constant returns to scalel/
will be accepted as sufficlently reasonable. The improvement in technical
accuracy from relaxing these assumptions would probably not nearly outweigh
the computational difficulty added (if the problem would be solvable at all),

With these assumptions, the extension of the Walrasian model by Lefeber
becomes entirely adequate to handle the problem., However, since the only
sector being considered endogenously within the system is agriculture, tran-

sportation costs will be assumed to be exogenously determined, and the quan-

1/ The assumptlon of constant returns to scale can be relaxed somewhat by
using different per unit costs of production in alternative model runs.
The new per unit production costs could simulate different farm sizes,
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tity shipped will not affect the per unit cost of transportation.l/

Solution by Linear Programming

The location model in Appendix Il is exXpanded from the Walras-Cassel
general equilibrium system. The supply-demand equations and the relation-
ship equations between resource and product prices in the original system
are replaced by inequalities in the mathematical development. The inequali-
ties place the system in a natural form to obtain the equilibrium solution
through the technique of linear programming. This modification also makes
the system somewhat more general, since the market will determine which goods
are free and which are scarce,

In the linear programming framework indicated in Appendix Tables H.l
and H.2, the resource supply restraints, resource demand equations (derived
from the production functions), product demand equations, transportation
costs, and unit cost relationships would all be taken into account in deriv-
ing the equilibrium solution. The optimum solution of an LP model, based
on a profit maximization objective function, is identical to the Walras-
Cassel equilibrium solution derived from the same set of inequalities.

The basic primal and dual relationships of linear programming are
developed in the apperdix. Therefore, they will not be duplicated in this
chapter.

An Alternative Method of Solutlon

The major alternative to linear programming as a method of solution for
interregional supply problems is regression analysis, However, the size of
this problem, with many mroduction ard resource interrelationships, precludes

the use of regression analysis as a method of solution. A further feature

1/ Tt should be noted that this assumption 15 really made for simplicity
sake, Agricultural demands on transportation during the peak season are
urdoubtedly enough to affeet the unit cost, However, this assumption 1s
not nearly so unreasonsble in this case with only agricultural production
variable as if an equilibrium for the entire economy were the objective
of the study,
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of regression analysis which would be a hindrance to the achievement of
the current objectives is that 1t predicts based on relationships of past
time periods, not on what could happen in the future. Policy changes,
impact of water projects, and other structural changes which are extremely
important in affecting the solution to the problem cannot be taken into
account easlily by regression analysis, While regression analysis may be a
reasonable predictor of response under a continuation of current structure,
it becomes a much less accurate predictor in the long run. It seems reason-
able that, in the long run, changes in location will tend to approach the
profit maximizing position. The linear programming formulation developed
above has this optimum as its objective, As a forecaster of regional pro-
duction and resource allocation, linear programming is often preferred for

the long run solution, and regression analysis for the shorter run [4],

Linear Programming Spatial Allocation Models

Because of the very large datsa requirements and computer demands
for a moderate-sized general spatial equilibrium model, some researchers
have sought a first approximati_on through the use of an allocatlon model.
An allocation model implies that either demand quantities are pre-estimated
and the demand then allocated among production regions, or production quan-~
tities are assumed to be known ard allocated among demand markets.

Interregional Grain Production Model

Ear]l Heady and colleagues have employed an allocation model of the
first type in a number of interregional studies of major grain and field
crops urdertaken at Iowa State University. Because of the practical rele-
vance to this project of the particular model used in the study, Regional
Ad justments in Grain Production [ 44] by Alvin Egbert and Earl Heady, it will

be discussed briefly here,
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Their general objective was to determine the most efficient pattern
of grain production in the United States which would satisfy anmual require-
ments, The basic assumptions for the structure of the grain economy inclu-~
ded the following: 1) production regions, with many individual producers
having the same production alternatives, are spatially separated; 2) all
producers in a region have identical input-output coefficients; 3) constant
returns to scale exist; 4) the only restricting resource is land; 5) each
producer seeks to maximize his profits; 6) quality is uniform; and 7) con-
sumption requlrements are exogenously determined by annual per unit require-
ments at a point in time |44, pp. 5-6].

It is the final assumption which dictates that an allocation model is
to be used instead of a general spatial equilibrium framework. This assump-
tion says that demand is independent of the prices that are generated by the
allocation model solution (i.e.,demand is assumed perfectly inelastic with
respect to price).

Heady et al. generally use a cost minimization linear programming frame-
work to similate equilibrium production location conditions. With demand
predetermined, solutions generated from a cost minimization model are identi-
cal to those of a profit maximization model |45, p.12]. The intuitive appeal
of this argument is obvious. If the quantity of each commodity to be demanded
at equilibrium prices is known before production occurs, minimizing total
cost of production will simmltaneously maximize total profits.

Egbert and Heady further simplify the general spatial equilibrium
problem by assuming a single, central demand point, and, in most of their
models, they assume zero transportation costs between points of production
and point of demard,
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California Spatial Allocation Model

Linear programming spatial allocation models similar to the Egbert-
Heady model will be used to achieve most of the research objectives of this
study., This section of the chapter will be directed to the specific models
to be used. The mathematical framework is presented first, followed by the
detailed model assumptions, and finally by the specific structural differ-
ences between the five analytical models of this form developed.

Mathematically stated. In mathematical form, the linear programming
primal problem is as follows:

minimize total nonland cost of production =
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Nonnegative input usage

k

> .
xij 0’

duction area k,

is acreage of commodity i produced by process j in area k,
is minimum output of commodity i grown in California,

is minimum output of dry beans grown in the Central Valley,
is minimum output of potatoes grown in the mountain valleys,
is yield of commodity i grown by process j on one acre

is maximum acreage of cropland for model crops in area k,

is maximum irrigated acreage available for model crops

a* s,

23,

(2.4)

(2.5)

(2.6)

(2.7)

. 18 cost of producing one acre of commodity i by process j in pro-

in area k,

in area k

1/ Also quality restraint on potatoes in the San Joaquin Delta.
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Rk is maximum acreage of commodity i grown by process j in area k due

1] k o k
to rotational requirement (Rij sL),

B ig . San Joaguin Valley cotton allotment
Southexrn California cotton allotment’

8, ..., b are San Joaquin Valley areas,
a, ..., d are Central Valley areas,
e, ..., £ are Southern California areas (0 S a, b# e, £ 5 t),
g, +++, h are mountain valley areas,
m 1s dry beans,
n is potatoes,
p is cotton,
1, +«., 8-2 are irrigated production processes,

r, s, t are upper limits on commodity, process, and area numbers,
respectively.

The objective function of each model is to minimize the total nonland
cost of producing & minimum quantity of each output subject to the avail-
ability of nontransferrable resources in each production area. To minimize
nonland production costs is to produce that minimum quantity most effi-
ciently in the absence of transportation costs. In a perfectly competitive
environment, profits to individual producers for supplying that specific
level of output would be maximized simultaneously.

In addition to the requirement that the model allocate resources among
production processes in nonnegative quantities, three types of production
area resource restraints are identified in all models. These include total
cropland, irrigated acreage, and individual crop acreage. Total cropland
restraints limit the maximum aggregate acreage of all crops in a production
area. Irrigated acreage restraints are the maximum acreage for which water
is estimated to be available on a perennial basis and limit the acreage of
all irrigated activities in an area. The restraints on individual crop

acreage are specified because of the need to rotate crops.
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In one of the projection models, Model 1980D, the relative distribution
of cotton acreage among regions is specified. The purpose of this restraint
is to estimate the effect on the model solution of continuing the current
"cotton allotment program.

The dual problem to the primal just specified appears as follows:

maximize returns to fixed resources =

r s t
T I I (up, +vLS kTt + YEJRE y+2z -0 (2.8)
ims]l j=1 kel J P

subject to

Imputed value per acre of output less rents to fixed resources equals
per acre nonland costs

k 4 k k k
- - - <
Aijui v W Yij + Zp cij’ (2.9)
Imputed product price and resource rents are nonnegative
u,, v°, W, ij = 0, (2.10)

Imputed value of an additional cotton allotment acre in the San Joaquin
Valley is unconstrained (in Model 1980D)

<
Zp > 0; (2.11)
with additional notation required

Ui is imputed price of commodity i,

Vk is imputed rent to an acre of land in production area k,
Wk is imputed rent to an irrigated acre in production area k,

Yﬁj is imputed rent to an acre of the individual crop restraint of
commodity i produced by process j in production area k,

Z 1is the imputed rent to an acre of cotton allotment in the San
P Joaquin Valley {(in Model 1980D only)-

The format of the dual problem portrays the equilibrium relation between
resource and product prices. When the system is in equilibrium, the product
value per acre in a particular area is equal to nonland costs per acre plus

all rents to fixed resources.
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In setting up the dusl form of this problem, the equal to or
less than inequalities in the primal are multiplied by (-1). This
transformation is required in order that the imputed wvalue of each

1/

resource and product in the dual be nonnegative, However, there is
no way to assure that the shadow price of an equality is nonnegative,
For example, in the case of the cotton allotment equation, the imputed
value will be positive if the next unit of cotton can be produced leas
expensively in the San Joaquin Valley than in Southern California,
negative if the reverse is true, and zero 1f the marginal cost is the
same in both regions.

Model assumptions, Although simplifying assumptions neeessa.ri'ly'

limit a model's usefulness as a simulation of the real world, certain
assumptions are necessary to make the study computationally feasible,
The particular assumptions upon which the programming models are
developed may not exactly describe the field and vegetable crop industries
in California. However, they permit the use of models which are suffi-
ciently comprehensive and detalled to be consistent with the objectives
of this study.
The following specific assumptions with regard to the structure
of the field and vegetable crop industries in California were mn.de:y
1. There are N unique, spatially separated but interdependent
production areas with many producers of field and vegetable

crops,

1/ Actuailly, the specific oompufer algorithm used lists imputed
product prices as negative values, as evidenced in Appendix
Table G. 12.

2/ The reader may wish to compare these assumptions with those of
Heady and Egbert [ 44, p. 6].
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Unless exogenously proJjected to produce crops not included
in the study, all producers in a specific area have only the
choice of producing the same commodities, and quality is
uniform between areas.l/
A finite number of production processes is specified for the
production of any commodity,
A1l producers in a specific production area have identical
input-cutput coefficlients for each production process,
Input-output coefficients are constant within the relevant range.
Total production in each area is limited only by the net acreage
available to the model crops.
Total production of irrigated crops in each area may be limited
by a restraint on irrigated acreage.
Production of an individual commodity in any area may be limited
by a rotational requirement,
Governmental programs, location of processing plants, and other
institutional factors do not directly affect either California's

31/ Two additional restraints will be imposed on all models due to evidence
challenging the realism of the latter part of this assumption:

(1) The lower quality of potatoes produced on peat soils in the otherwise

(2)

high yielding San Joaquin Delta area limits lts disposition to the
seed market, Acreage in this area is restrained at a maximum of
10,000 aores in all models,

There are important varietal differences in at least two commodities
produced in different parts of the State. Dry beans produced in the
Central Valley are generally of a different variety than those
produced along the Coast. Likewise, the types of potato produced in
the mountain valleys faces a somewhat different demand market than
other potatoes produced. The unit cost of producing dry beans in
the Central Valley and potatoes in the mountain valleys is higher
than in some other areas. However, because of the peculiarities of
the product in the specific areas mentioned, mroduction would likely
not shift to other areas in an optimal pattern., DBecause a product
price differential between reglons has been assumed away in the
development of these models, minimum ocutput restraints will be imposed
on the production of dry beans and potatoes in the Central Valley
and mountaln valleys respectively,
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share of U,S., output or production patterns within California,
with the exception of Model 1980D.l/

10, The economic objective of each producer is profit maximization.

11, The system is static in that consumption must be met from
current mroduction,

12. There is only one center of demand,

13, Transportation cost between points of supply and point of
demand is zero,

14, All producers face the same set of product and resource prices,
except that water mices vary by production area,

15. Total output requirements are exogenously determined.

16, One crop per year can be harvested on each parcel of land, with
the exceptlons that a crop of nonirrigated barley can be harvested
only once in two years in some production areas, and certain
double cropping activities (viz,, barley-grain sorghum, brocecoli-
lettuce, and lettuce-lettuce) are possible in other areas,

Structure of alternstive models. Five specific LP models will be

developed for use in this stndy.g/ One model is oconstructed to determine
optimum locations of production in the base period, 1961-65, in the absence
of govermmental programs, The output levels, resources available after
consideration of urban and excluded crop requirements, and variable cost
and yield parameters for the model crops are estimated for this pericd.
The other four models are for the projected year, 1980,

The differences between the 1980 models are designed to answer specific
questions concerning the future of California's agricultural industry or to
add greater realism to the anzlysis, The objective of each is the same as

that of the base period model; viz., to minimize total nonlamd production

1/ A regional cotton allotment restraint is imposed in Model 1980D,
2/ The abbreviation "LP" will be used periodically for “linear programming,"
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costs subject to minimum output restraints and maximum area resource
restraints. The cost and yleld estimates, as projected to 1980, are the
same in each of these models, as are the total land, irrigated acreage,
and individual crop acreage restraints, Total land and individusl arop
restraints in 1980 are lower than in the base period because of additional
requirements for urban and excluded erop larnd in 1980,

In one of the 1980 models, minimum California output is projected to
be the same share of U,S, output as in the base period. In another, his-
torical trends in the share supplied by California are taken into account
in projecting 1980 output constraints, In the third model, output levels
are the same as in the secord, However, substitution among feed grains is
allowed in the selection of the least cost mix to meet total net energy
requirements, A single feed grain restraint replaces the separate restraints
for each feed grain category. In the final model, the structure of the
third is retained except for the addition of a regional cotton allotment
restraint, With a contimuation of the cotton allotment program, output
levels of cotton and safflower projected for this model are different than
those projected for the previous one. The baslic structure of sach model
is summarired in Table 2.1l.

The specific orops included in the study are the same in each model,
Since there are more than 100 different field and vegetable crops grown
in California with many thousand forms and varieties, it is clearly beyord
the scops of this diasertation to consider each separately. Therefore,
only those crops will be included which are most important in acreage or
value of production to the economy of California. Those commodities which
have sufficiently similar production requirements and/or demand structure
will be grouped and represented in discussion by the most important orop.
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No distinction will be made between alternative marketing outlets, such
as fresh and processing markets for vegetables, The crops to be included
in the study represent 91 percent of 1966 acreage and 83 percent of 1966
value of production of field and vegetable crops [10, 14].

The specific orops included in this study, together with the
representative crop of each group and the model crop activities, are
identified in Table 2.2,

The parameters required in the various models are developed in the
succeeding chapters, The production areas are delineated in Chapter 3,
the model resource restraints relating to these production areas are
developed in Chapter 4, the cost and yield estimates in Chapter 5, and
the State output restraints in Chapter 6.

31.
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CHAPTER III
HOMOGENEOUS PRODUCTION AREAS

Resource Variables

A homogeneous production area (HPA) refers, in this study, to spatial
units having a degree of internal homogeneity in the natural resource
erdowment-- specifically soil and oclimate and, incidentally, water, The
underlying concept of such a delineation is to group productive units which
face similar production relationships, costs, and prices in order to minimize
aggregation bias.y By stratifying the data according to resource endowment,
attention is fooused on spatial differences in nontransferable factors
affecting ylelds and production costs,

This concept is similar to that used by Whittlesey and Heady in their
national interregional competition model of seven field crops. They deline-
ated 144 producing areas "... along county lines to form regions that are
relatively homogeneous with respect to climate, historical yields, amd
production costs" [110, p. 103]. In one model, they alse divided the crop-
land within each region into three groups reflecting differences in producti-
vity. It is a desirable objective to follow such administrative boundaries
in the delineation of areal units because most data are collected using
adwinistrative units as a base, and results can be understood most essily
if they relate to familiar boundaries, But while Whittlesey and Heady may
have been sble to achleve a degree of homogeneity in ylelds and production
costs by adhering to county boundaries, it is not possible in this study, A
typical county in California is an extremely heterogenecus production area.
Most counties include valleys and mountains, shallow soils and very deep
soils, and areas with surplus or with deficit water supply. For example,
San Diego County has land in four major plantclimate sones, ranging from

1/ The problem of aggregation Dias is discussed in the next section,
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marine dominated coastal valleys to the dessrt, and soil oconditions which
vary Jjust as widely. Reliance on county boundaries results in the deline-
ation of production areas which are so heterogeneous that one may be but
8lightly less justified in considering the entire State to be one HPA,
Although the practical problems associated with data collection and reporting
of results are increased markedly, county boundaries will have to be ignored
if realistic HPAs are to be specified,

The first goal in this study is to obtain the most reasonable spatial
aggregation of productive units for which a single set of production condi-
tions could apply. Soil productivity and climatic conditions are hypothesired
to be the key natural resource varisbles affecting agricultural production.
These are the factors of production which, in the long run, are least sus-
ceptible to change, Although soll productivity and microclimate can be
modified to some extent by production practices, rents do accrue to specific
land units because of the inherent natural resource endowment., Other factors
of production, such as labor, equipment, and managerial ability, are wuch
nore flexible over space and time,

In addition, there are aspects of the market situation which are
directly associsted with individual land units over relatively long time
periods, The major one is distance from the market, Depending on the time
horizon of the study, the location of processing plants may be relatively
inflexible., Although these factors are not emphasized in defining HPAs in
this study, any variable which can be stratified spatially may be incorpora-
ted conceptually into the criteria for delinsating homogeneous production
areas, The shorter the time horizon of the study the more variables must
be assessed in obtaining realistic HPis.

Similarity in soil and olimate will be sought through the analysis of
general soils maps and plantclimate studies in the delineation of HPAs,
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No other elements of the agriocultural enviromment will be differentiated
spat:hlly.y It is for these areas that land, rotation, and water restraints
ard cost and yleld estimates are r;levmt.

In the following section, the method used to delineate HPAs is
defended as a means of effectively limiting aggregatien bias. The remainder
of the chapter will then be devoted to a discussion of 1) the soil categories,
2) the climate zones, and 3) the combination of the two in identifying HPAs
for this study,

A Note on Aggregation Bias

Dey [36], Miller [66], Lee [62], and others [82, 49, 3] have dealt
with the problem of aggregation bias in linear models. This bias may be
experienced in any maocro model which utilizes benchmark or average unit
data. In a production model, the effect is to estimate aggregate supply
at a higher level, for any given mrice, than it would be if a linear model
had been solved for each production unit in the aggregation. Day suggests
three sufficient conditions which, if met by all production units, would
prevent aggregation bias in a macro supply problem., They are the following:
1) identical input-output matrices, 2) proportionate variation in the net
returns vectors, and 3) mroportionate variation in the restraint vestors.
The method of aggregation used in this study is analysed in light of these
oriteria in the paragraphs below,

By delineating HPAs according to similar soil and climate, farms
which have similar input-cutput matrices are grouped together. Those with
very different coefficlents of output are separated into different areas.

The unit price vector of nomrestriotive resources to one farmer in
each HPA may not be greatly different than to another farmer., Farms within

1/ Water avallability is also considered indirectly in this delineation.
See the last section of this chapter for an explanation,
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most HPAs are reasonably closely situated, so the competitive envirorment
in the rescurce market should be similar for most farmers, Although some
economies of scale are possible in agriculture, most of the State's produc-
tion comes from farms which are large enough to take advantage of major
economies of sizo.y In a perfectly competitive envirorment, product prices
equals marginal cost, Therefore, not only should the net returns vector of
one farmer be mroportional to that of another in the same HPA, but in many
cases they may be equal,

Because of the methods used in specifying restraints in this study,
nonproportionality in the restraint vectors is not expected to be a signi-
ficant source of aggregation bias, Specifically, land is the only restricting
resource to production in all HPAs, In those areas where water 1s expected
to restrict irrigated production befors land becomes limiting, the restraint
is not imposed on total water avallable; instead, it is imposed on total
land that can be irrigated., In all other areas, the irrigation restraint
is omitted, In each area where a specific irrigation restraint is imposed,
it is based on actual past irrigated acreage. Therefore, the possibility
of overestimating supply in these areas, if water is not uniformly available
on all farms, is minimized, Finally, the rotation restraints are estimated
as a function of land available, Because they never exceed the total land
restraint, it is not necessary that the rotation requirement be uniformly
distributed throughout the HPA in order to avoid aggregation bias, It may
be possible that another resource, not assumed to be restricting in this
analysis (e.g., capital, labor, or machinery), actually limits mroduction
or alters the cropping pattern on particular farms in the target year, How-
ever, other studies of California oropping systems have conoluded that these

1/ In several economies of size studies conducted on California field erop
farms, it has been observed that few additional internal economies are
possible as farms become larger than 600-1000 acres [ 38, 68, 4#7]. The
1964 Census of agriculture reports that two~thirds of field crop output
in California is produced on farms which are larger than 700 acres in
size [ 104 , pp, 105],
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resources are not normally restricting in actual practice. Adequate
oredit facilities are available, labor can be hired, and machinery often
exists in excess capacity in relatioen to the smount of land available [uoj.y
Therefore, the problem boils down to the natural resource endowment being
the primary restriction on production, and nonproportionality in the
restraint vectors should not be a serious cause of aggregation bias,

It is conoluded that Day's sufficient conditions for avoiding bias
in aggregation are satisfied reasonably well by the methed of grouping
production units used in this study. While some bias is inevitable, it
should be minimal, Certainly, it will be far less important than had very
dissimilar production units been grouped (e.g., by following county
boundaries),

General Scils Map
Seil surveys have been completed in varying detall during the past

half century on virtually all privately owned land in California. These
surveys have been conducted on an area by area basis and have typically
concentrated on micro-classification of solils by soil series,

In the early 1950's, Storie and Weir published a report entitled
Generalired Soil Map of California [ 88] which depioted the general soil
geography of the entire state. They based their report on an snalysis of
then current detailed and reconnaisance soil surveys and grouped individual
soils into elghteen major categories, They rated each category saccording

1/ In addition, it is anticipated that managerial talent and screage
allotments will not alter the optimal production pattern on individual
farms. The rationale for this expectation follows: 1) it should be
possible to purchase adequate managerial talent if not already avail-
able on specific farms; 2) even if the ocurrent cotton allotment program
is continued, allotments can be transferred from one HPA to another,
through land sales or rentals, so that acreage allotments are not an
offective restraint to production on individual units,
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to its ",,.general land use sultability for commercial timber, grazing,

nonirrigated field and truck crops, and irrigated field and truck crops"
[88, p.l]. Subsequently, additional work was done on the general soil
map, the number of categories were expanded, and the map, acreage, land
use suitability, and Storie~Index rating were reported for each county in
a manuscript as yet unpublished [87].

The Soll Conservatlion Service has recently been authorized to prepare
general soil reports for each county in California, Although the maps are
much more detailed than Storie's and would therefore be more accurate for
some of the inventory work undertaken in this atudy, these reports were
not available for all countles at the inception of this study. A limitation
to the use of the SCS general soils reports even now is that the soil
categories are not uniform for all counties, Each county SCS unit possessed
a degree of autonomy in the speclfication of soil categories; hence, these
categories cannot be readily fit together into a consistent soil map for
the entire State.

Storie's unpublished mamscript has been used in this study as the
basic reference for delineating soils of different agricultural productive
capacity., Based upon recommendations by Dr. Storie amd Mssrs. Eugene Begg
and Gordon Huntington,yStorie's s0ll classes were grouped into thirteen
agricultural soll categories., In terms of physiographic groupings, four
alluvial (rmmbered 01, 02, 03, and 05), five basin (11-15), and four terrace
soils (21-24) make up the thirteen categories.y A description of typical

soils in each category can be found in Table 3.1.

1/ Soils specialists in the Department of Soils and Plant Mutrition,
University of California.

g/ With minor exceptions, upland soils are not sultable for cultivated
agriculture; hence, they are excluded as & group from this study,
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Soils 01 = 03 are recent alluvial fan and flood plain soils of

medium texture; 05 is wind-modified sardy soil; 11 consists of the
organic soils; 12 is salt-free basin clay soil; 13 is clay soil with
moderate to strong salt concentrations; 14 is basin rim soll reclaimed
of salts; 15 is unreclaimed basin rim soil; 21 is terrace loam soil with
medial profile development; 22 is terrace clay soll; 23 is claypan soil;
and 24 is soil urderlain with hardpan.

While Storie's manuscript was used as the primary source of data,
other information, both published and unpublished, has been utilized for
refinements on acreages, boundaries, and classification., SCS general soil
reports | 98] were used for Napa, Solano, Sonoma, Stanislaus, Yolo and Yuba
counties. The general soil maps published in recent soll surveys were
used for Glenmn and Tehama Counties [ 7, 50] and a portion of Alameda County
[109]. A reconnaisance soil survey was used for Sutter County [ 51].

Mr Alan Carlto 1

modified the map for San Joaquin County from more recent
data. Mssrs, Begg and Huntington recommended modifications in several
other counties. County farm advisors and agricultural commissioners
provided estimates of the acreage of land classified by Dr, Storie as
saline-alkaline which has since been reclaimed of salts. They also

suggested a few alterations in delineations and acreages.

Flantclimate Zones

Climate is one, and perhaps the most important, of the fundamental
determinants of what plants can be grown in a given area. The word climate
encompasses such variables as anmual rainfall, its seasonal distribution,
light, temperature, humidity, and air movement.

In recent years extensive research has been undertaken at the University

of California to determine which of the olimatic variables most affect

1/ Soils specialist in the Department of Soils and Flant Mutrition,
University of California.
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plant growth and to delineats major rones within which orop adaptability

is simllar, It has been observed that in all the principal farming areas

of California temperature is the major oclimate faotor which controls plant
growth, Rainfall is of lesser importance, except where the seasonal distri-
bution is such as to cause plant damage or where it is so sparse that the
cost of irrigation water becomes prohibitive.

In a 1959 issue of California Agriculture, Kimball and Brooks published
a preliminary mapping of sixteen plantclimate zones in California in which
areas with similar effective day amd night temperatures were grouped
[56, pp. 9-10]. It should be noted that while effeotive day and night
temperature is only one measure of climate, the important factors which
combine to determine temperature also greatly affect other olimatic measures.
The chief factors which determine temperature in different parts of California
include distance from the equator, elevation, influence of the Pacific Ocean,
influence of the scontinental air mass, mountain ranges, and local terrain
(43, p.8]. Several of these factors will be recognised ss also affecting
rainfall, humidity, and 1light intensity. Therefore, by directly introducing
temperature as the key variable in delinesting plantolimate sones, other
climatic measures wers indirectly accounted for because of the degree of
correlation between them,

A revision of the plantolimate map was published in 1967 in Sunset
Western Garden Book [43, pp. 17-27]. In that publication, the State was
divided into nineteen zones for the benefit of the howe gardener. In
consultation with Mr, Kimball and Dr, DeWayne E, Gilbert, his successor,
it was advised that the basic plantclimate delineations published in Sunset
be followed in this project. Certain revisions prompted by the specific
oreps in the study and additional research findings sinoce the preparation
of the map were recommended, In gemersl, the changes consisted of grouping



45,

the minor thermal belts with their valley fleor counterparts, splitting
the Central Valley laterally in two additional places, splitting the north
coastal climates laterally, and separating the San Joaquin Delta from the
coastal olimates. This set of modifications resulted in the delineation
of nineteen plantclimate zones whioch are depicted in Figure 3.1 and desoribed
briefly in Table 3.2.

For parposes of presenting the findings of this study, the nineteen
climates have been grouped into nine regions (identified by the first digit
of the olimate code) which, with one exception, follow plantclimate boundaries.
The one exception is that climate zone 24 is the same as 51, but was separated
from 51 in order to keep the regions contiguocus. Hsnce, there are twenty,
rather than nineteen, climates listed,

Homogeneous Production Areas

An overlay of the climate zones on the s0il map results in the
delineation of 115 different soil-climate combinations, which we shall refer
to as homogeneous production areas .y'rh-:lr locations are jdentified in
Appendix A. The aoreage of each HPA was determined by planimetering,

After the projected 1980 aoreage of land in urban, extra-urban, semi-
agriocultural and non-model orop use was calculated, twenty HPAs, including
one entire climate, were deleted from the model because of insignificant
residual acreage. The residual acreage of a deleted HPA was added to that
of the next most similar HPA, A minimum of ten thousand residual acres was
established as the primary guideline for keeping an HFA in the model, In
addition, HPAs with 10,000 = 20,000 gcres which are very similer to another

1/ Aithough no additional delineations were made along irrigation water
isccost lines, the cost of water in the San Joaquin Valley was indirectly
taken into account when soils 01, 02, and 03 were retained as seperate
entities in the model, The productive capacity of these soils is similer
for most arops; hence, they could be reasonably grouped together on this
basis alone, But the natural geophysical boundaries hetween these soils
separate them equally well according to the cost of irrigation water.
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FIGURE 3.1

Plantclimate Zones
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TABLE 3.2

Description of California Plantclimate Zones
(43, pp. 9-26; 56, p. 12]

Description

Zone
11
12
ia 33 .
21
shine intensity. Humidity is high.
22
than in zone 21,
23
in different parts of the climate.
24 See climate zone 51 for description.
31
32
Record lows range from 17° to 20°.
33
record highs average 112°,
34

Marine influence completely dominates this North Coastal climate.
Sunshine intensity is markedly reduced by fog. Humidity is the
highest of any of the climates. Typical mean dgily maximum
temperature in August, the hottest month, is 617; Sypical mean
daily minimum in January, the coldest month, is 41°.

This climate zone consists of the cold winter valley floors along
the North Coast. Humiditg is high. Typical mean daily maximum
tempegature in July is 84; typical mean daily minimum in January

Marine influence dominates this Central Coastal climate 98 per-
cent of the time. There are virtually no frosts. Tygical mean
daily maximum temperatures in September range from 67 to 72°;

typical mean daily minimum in January is 42°, Fog reduces sun-

This Central Coastal climate is dominated by the ocean 85 per-
cent of the time. It has regular summer afternoon winds.
Humidity is high. Winters are colder and summers are warmer

The temperatures in these cold winter basins along the Central
Coast are moderated by occasional marine influence. Hugidity is
relatively high. Record low temperatures range fram 11  to 22

This mild South Coastal climate is almost completely marine
dominatsd. Hugidity is high. Record low temperatures range
from 20" to 33~ in different parts; record highs average 105,

This climate consiasts of air drained thermal belts surrounding
the South Coastal cold winter basins. Marine domination varies
throughout the zone from occasional to 85 percent of the time.

Cold winter portions of the South Coast are included in this zone.
Marine domination in this climate also varies from Occasignal to
85 percent of the time. Record lows range from 14 to 24 ;

This climate comprises Southern California's interior valleys and
terraces. The continental air mass dominates the climate at
least 85 percent ofothe time. Humidity is Iow6 Record lows
range from 7 to 23 ; record highs average 115°.

--Continued on next page.
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Table 3.2 (continued)

Zone

Description

o ——

41

42

51

6l

62

63

71

72

The Sacramento Valley floor is characterized by a long growing
season and almost constant sunshine during it. The growing
season is shorter, due to later spring and earlier fall rains,
and the humidity higher than in the San Joaquin Valley (climates
61 & 62). Resord logs for climates 41, 61, and 62°combineg
range from 13" to 18 ; record highs range from 104 to 116°.

This climate is the thermal belt surrounding the Sacramento
Valley. The cold air drains to the valley floor causing this
climate to have milder winters. Record lows in climates 42 and
63 combined range from 15 to 21 ; record highs are similar to
the valley floors. Other characteristics are similar to climate
41.

Occasional marine influence keeps winter temperatures higher and
summer temperatures lower than they would otherwise be. While
maximum and minimum temperatures are similar to climate 23,
humidity 1is considerably lower. This climate consiasts of valley
areas in the transitional zone, which is further inland than
climates 22 or 23.

This climate is bordered by climates 51 on the north and 62 on

the south. Humidity is higher than in climate 62, but it is still
quite low. Rains are generally restricted to a six-month winter
period.

This climate is characterized by the longest growing season and
the lowest rainfall of the four zones which make up the Central
Valley floor. Summer temperatures are generally slightly warmer.

The somewhat higher elevations which drain into climate zones 61
and 62 are grouped into this c¢limate. This thermal belt is noted
for substantially milder winters than its valley floor counter-
part. In some areas, the temperature difference may be as high
as 10" at the same latitude.

The medium to high elevation deserts in Southern California com-
prise this climate. It is characterized by extremely wide
temperature divergence between night and day and between winter
and summer. Recgrd lows range from O to 6°; record highs range
from 114 to 117, There are more than 110 days each year when
the temperaturs exceeds 90 and 80 nights when the temperature
drops below 32°.

This climate is identified by the lower elevation desert, partic-
ularly Imperial and Coachella Valleys, witg ies egtremely long
growing season. Record lows range from 13 ot° 197; mean daily
maximum temperatures in July range from 106~ to 108",

==Continued on next page.
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Table 3.2 (continued)

 Zone _Description
81 This climate zone, otherwise referred to as the Digger Pine Belt,

is made up of the middle elevations. Hot summers and pronounced
winters give this zone well defined seasons without the severe
winter cold of climate 91 or the high humid%ty of the Coastal
¢limates. Record lows range from -1 to 15 .

91 Frosts can occur any day of the year in this high elevation
climate. The normal growing season ranges from 100 to 180 days.
It is the coldest of California's climates.
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with a much larger acreage were grouped, and HPAs with nearly 10,000 acres
whioch are greatly different from all other HPAs were retained in the model,
Using the primary guideline as the only criteria, nineteen HPAs would have
been excluded, By applying the supplementary rules, three more HPAs were
deleted and two of the nineteen were retained to leave a total of 95 in
the model, The ldentification of the specific HPAs that were grouped is
given in Appendix Table B, 3,

With tho HPAs identified, the next two chapters will deal with
obtaining relevant resource restraints and cost and yleld estimates for

sach of these areas,

1/ The olimate sone dropped was sone 33 which had a projected 1960
acreage of less than 13,000 acres,



CHAPTER IV
LAND, WATER, ROTATION, AND ALLOTMENT RESTRAINTS

Five types of restraints are identified in Chapter 2 for inclusion
in one or more of the LP models, The development of four of these, all
of which restrict the acreage of all or part of the crop aoctivities in
specific areas, are discussed in this chapter, In the firast section, the
method of estimating the total acreage availasble in 1965 and in 1980 for
model orop activities is presented, In the second, specific restraints
on the sum of all irrigated crop activity acreage are developed. Rotation
restraints on the acreage of individual crop activities are developed in
the third., And the fourth section is devoted to the relative regional
cotton allotment restraint to be used in Model 1980D,

Land Restraints

The procedure used to estimate the HPA acreage restraints on model
oerop activities may be referred to as residual resource inventorying.
From the total inventorlied acreage is subtracted acreage estimates for
land uses assumed to return a higher marginal value product to a limited
number of land units than the model crops. Land uses for which acreage
isr to be deducted from the total include all urban, extraaurban,l/ard
semi-agricultural uses .§/ and production of orchard, vineyard, and excluded
vegetable crops, Land required for each of theae uses is exogenously
estimated and subtracted from the total HPA aocreage. The residual is

3.

1/ The extra-urban category includes public roads, military reservations,
parks, eto,

2/ Inciudes farmsteads, farm roads, canals, feedlots, typical crop
failure, and forced idle land.
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entered into the model as an upper acreage constraint on the sum of
all model corop activities,

Urbanigzation

Recent estimates of urban land use in California vary from 2,000,000
L79, pp. 46, 48] to 2,400,000 acres |9, p. 46]. Projections from
additional urban land requirements during £h0 next decade range from less
than 700,000 to more than 1,000,000 acres [79, P 48]. In order to ade~
quately assess the impaot of urban expansion on agrioculture, these
projections must be disaggregated in terms of HPAs,

Urban economists have developed a number of theories for explaining
the process of urban agglomeration and expansion [2, 78, 79]. While some
emphasige transitions within the urban sector, others concentrate directly
on the issue of expansion onto nonurban land. From the theories of urban
expansion, a few points stand out which are of value in quantifying urban
land requirement by HPA., Three theorists, Ruth, Krushkov, and Rao, agree
that the primary variable determining total new land required is the rate
of populstion growth [78, p. 21; 79, p. 17]. Ruth and Krushkov thecrire
that in the absence of a comprehensive urban development plan, the two
variables which most affect specific land developed are its slope and
proximity to the urban fringe [79]. None stress the alternative value of
land for agricultural uses as a significant variable affecting which land
is developed, Assuming that the value of land for agrioculture is insigni-
ficant in determining urban expansion, the latter can be projected without
consideration of any resultant agricultural adjustaents.

Population projections have been published by the California
Department of Finance [15, p. 3] for each county in California for five-
year intervals to 1985, These projections are based on U.S. Bureau of the
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Census fertility series Dlj[103] and net in-migration to California
of BO0,000y persons per year, Thers have been no comprehensive
projections made for sub=county units in the State. The urban lard
rojections used in this study will be based on the Department of Finance
population projeoctions,

Urban countlies, Projections of gross urban land requirements in

California, or a major subregion within California, have been developed
by s mumber of researchers to target dates in the decade 1970-80

[9, 78, 79]. However, only one of these studies made projections for
county and sub-county urmits within the State [79]. The authors, Ruth and
Krushkov, undertook an elaborate and sophisticated study of urban land
expansion in 25 urban counties of California between 1950 and 1964, The
research procedure included measurement from aerial photographs of actual
developed land for the two points in time, analysis of a host of general
and local explanatory variables, testing of several alternative equations,
and a projection of urban land requirements for the periocd 1965-75 for 188
urban submarkets, It is this study which will be used as the basic
reference for projecting urban land requirements by HPA for 1980.

1/ Series D is the lowest of the fertility rates used in Bureau of the
Census projections, Series B was the fertility level used most
frequently by researchers until a few years ago., Series C is currently
thought to be the most relevant for the U.S, However, in 1966 and the
early part of 1967, actual performance in California fell somewhere
between C and D [15, Pe 1]o Reliance on Series D in these projections
is based on the assumption that the fertility rate will contime to
decline,

2/ During the decade 1950-1960, the anmial net civilian in-migration to
California averaged approximately 340,000 persons, Recently the rate
has been lower, These projections assume that within a few years the
level will converge to 300,000 perscns [15, p. 1].
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The authors employed preliminary Department of Finance 1975
population projections which allocate 92 percent of net population growth
in the State to these 25 counties, The most important determinant of
new land required per additional person during the period 195064 was
fourd to be the rate of population growth, Two equations, expressing
the relationship between these two variables in the gbsence of controlled
patterns of expansion, were estimated for primary and for extensive land

1/

uses and are shown belew |79, p. 19]:

primary urban equation
= -4,5176 8022 d
logo dLlO 51767 + 38 1og. PlO ,
arnd extensive equation

loge dLl 0= ~5.76868 + .791069 lt.'nga dPlO

]
where

d.Llo is lard increase in ten years in hundreds of acres, and
dPlo is population inocrease in ten years,

The density of new persons per additional acre of land which was
estimated by the sum of these equations varies from 3,5 for an annual
county population increase of 300 persons to 11.6 for an increase of
120,000 persons. These equations may be used to predict additional land
required in the absence of any pattern controls., However, the actual
county projections derived by Ruth and Krushkov deviated about this
"median” projection path when pattern varisbles were sanalyzed, With the
inclusion of four pattern variablosgjinto the equations, R2 values of
99.4 for the primary urban category and 97.4 for the extensive category

were achieved,

1/ Primsry urban uses include single and smultiple family residential units,
commercial, industrial, stock yards, docks, and related develoyments.
Extensive urban patterns consist of highwayw, airports, cemeteries,
schools, railroad yards, residential estates, parks, ete,

g/ The authors do not explain precisely what these pattern variables are.
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Extension of Ruth-Krushkov mrojections to 1980, The only variable

in the Ruth-Krushkov prediction equation for which county estimates
could be obtained for 1980 was projected population growth, In the
absence of data for the pattern variables, the two-varlable equations,
in which urban land requirement is a function of population growth only,
were consolidated and expanded for a l5-year projection period. The
equation derived is:

loge d,L15 = ,26007 + ,78845 log° dp15. (4,1)
where
dLlS is primary and extansive land increase in 15 years in acres,
and clP15 is population increase in 15 years,

The urban land requirements, 1965-80, estimated from the above
equation, were summed over all urban counties, The average population
density for new land in the 25 countles was slightly below the density
for the 1965-=75 period (see Table 4,1). The lower density in the 15-year
period is due to a projected anmal rate of population growth lower than
in the 10-year period.

The relative distribution of the 1965-80 projected population growth
among counties is not exactly the same as that for 1965-75, but it is
reasonably similar, At least, the degree of variation is not as great
between these two population distributions as between the two 1965-75
urban land estimates projected 1) from the population growth variable only,
and 2) from the five independent variables, Therefore, instead of applying
the 1965-80 land requirements projected from the two-variable equation
to each county, only the 25-county total figure was used directly, This
figure was then distributed among counties in the same proportion as the
1965-75 distribution by Ruth and Krushkov. Such a procedure rested on
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TABLE 4.1

Comparison of 1965-75 and 1965-80 Urban Projections
for 25 Urban Counties

Ruth- Extension of
Item Unit Krushkov Ruth-Krushkov
1965-75 1965-80
Total population growth persons 5,526,963%' | 7,279,300
Average annual population growth| persons 552,696 485,287
Urban land requirements acres 615,66021 830,086
Marginal population density persons/acre 9.0 8.8
Ratio: 1965-80/1965-75 urban land requirements 1.348

a/ [79, p. 21] -- preliminary Department of Finance projections.

b/ [79, p. 3] -- corrected sum,



two baslc assumptions: 1) projected populatien growth in the State will
be distributed among counties in the 1975-80 period relatively the same
as in the 1965-75 peried, and 2) pattern variables in each county have
the same relative effect on urban lard required per person between 1975-80
as between 1965-75. The 1965-80 county urban land requirement was in turn
distributed among the urban submarkets in the same proportion as in the
1965-75 period.y

Generalisation of urban projections to HPAs., A large percentage
of the urban submarkets overlap HPAs. Since the urban submarkets are
the smallest geographic units for which urban projections have been made,
a working procedure for generalizing submarket mrojections to HPAs is
required, This working procedure must include 1) a method of distributing
urban projections among urban units in a submarket, ard 2) a system for
rrediocting where expansion will take place relative to the existing urban
unit,

Maps were secured on which Ruth and Krushkov had delineated actual
1964 urban boundaries (as distinet from city 1limits) for each urban unit
within a submarket., Current location, shape, and approximste size of
each urban unit was thms available as data.

For the first part of the working procedure, the hypothesis is made
that all urban units within a submarket encroach additional lard at the

same rate (e.g., 3 percent per annum) regsrdless of the absolute level of

1/ The only exception to this procedure was faced when all of the develop-
able lend within five miles of the urban fringe [79, App. C=3] would
be exceeded, In this case, the working assumption of the authors
that virtuslly all develomment would occur within these boundaries
in a decade was respected for the 15-year period also., Hence, these
submarkets were filled to their stated limit, and the residual was
allocated mroportionately among the other submarkets in the county.

37,



current urban lard use, To see if the base period level of urban land
use is a significant variable in explaining past rate of urban growth,
county urban acreage data for 1950 and 1964 are used as proxy variables
for the urban unit data. Two varliables are defined: the independent
varlable, Ll' is 1950 county urban acreage, ard the dependent varlable,
R, 1s the 1950-64 rate of expansion relative to 1950 urban land

L-L
(R="2 "1, with L, being 1964 county urban acreage). A linear

-—EET—- 2

equation is specified:

R=a+bLl.
The least squares estimates for a ard b are as follows:
a = 3815,
-7
b=6,2x10 ",

The t value for b is ,0708 which is not significantly different from
zero at the 10 percent level. There is not a linear relation between
1950 county urban acreage and the rate at which additional land is
urbanized between 1950-64 with respect to that acreage. Therefore, it
seems apmropriate to specify that urban units enroach additional land
at a uniform rate in all reglons,

For the second part of the working procedure, we will assume that
all urban expansion is contiguous to existing urban units and that the
relative propensity to develop is the same in all directional/ These

assumptions tie the expansion projection procedure employed in this study
most directly to the concentric expansion model of classiocal urban develop-

2/ -
ment theory.” Warren Farrell |48, p. 13] emphasizes that two alternative

1/ This concept is illustrated in Figure 4.1.
2/ One important difference should be noted. The second assumption

implies that the relative shape of the urban unit will tend to remain

constant rather than becoming concentriec,

58,

(4.2)



FIGURE 4.1

Basic Patterns of Contiguous Urban Expansion
With Equal Propensity to Expand in
All Directions

=1
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expansion models, which he labels "scattered" and 'radial', are more
remesentative of California's typical urban develomment patterns than
the concentric model, He hastens to add, however, that the concentrio
model is ",,, still frequently used when larmd requirements mmst be
estimated for future population levels ... [because it] is the easiest
to work with mathematically" [48, p., 11].

Nomurban counties, Detailed urban land projections are unavailable
for California countles not in the Ruth-Krushkov study. However, popu-
lation has been projected to 1980 by the State Department of Finance
(15, p. 3] for these counties also, In addition, the 1960 population and
estimated acreage in individual cities, unincorporated towns, and counties
has been published by the Bureau of the Census [102].

The following assumptions provide the framework for projecting
urban land requirements in the nomurban counties and in the area outside
of urban submarkets in the urban counties:

1, Population and acreage within eity limits, or general

bourndaries of unincorporated towns, reported by the Bureau
of Census [102] are reasonable estimates of actual 1960
urban population and acreage in built-up uses,

2, Population in 1980 will be distributed among urban and rural

sectors in the ssme proportion as in 1960,

3, The population in the rural sector is directly involved with

fcrninsoy

1/ This sssumption permits sll developed land requirements for the non-
urban sector to be accounted for in the semi-agricultural land
requirements section to rfollow,



61,
L4, Urban population in 1980 will be distributed among towns
(incorporated and unincorporated) in the same proportion
as in 1960,
5., The urban density of people per unit of larnd in 1980 will
be the same as the 1960 county average for towns having a
population of at least 1,000 persons.
6, Urban expansion is contiguous to existing towns,
7. The propensity to expand on land is uniform in all directions.

Urban projeotions. Urban land in 1964, urban land requirements,

1965-80, and projected 1980 urban land for the State are recorded in
Table 4.2, These figures are identified according to urban ard nomurban
counties. A detailed listing by HPA is provided in Appendix Table B.1.

Extra-Urban Land Uses

The term M"extra-urban land use' is used in this study to refer to all
lands in public ownership which are committed to uses not classified as
urban nor directly related to agricultural production. This category includes
parks, national forests, military bases, Indian reservations, wildlife
refuges, and public roads outside of towns and urban submarkets,

Acreage in parks, national forests, military bases, Indian
reservations, and wildlife refuges were measured with a planimeter for
each HPA from 1966 county maps supplied by the California Division of
Highways. The acreage of land in these uses is assumed to remain constant
through 1980, A major reason for this assumption is that decisions for
expansion or contraction of such lards are msde through the political
processes, frequently involve large units of land, and are not amenable

to effective prediction with economic models,
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TABLE 4.2

Urban Land Requirements (circa 1965-80)

Circa Land Projected
Item 1964 a/ requirements b/ 1980
acreage (circa 1965-80)~ acreage
1,000 acres
Urban counties 1,860 858/ 2,718
Urban land in HPAs 1,455 747 2,202
Urban land not in HPAs 405 111 516
Nonurban counties 171 82 253
Urban land in HPAs 144 72 216
Urban land not in HPAs 27 10 37
State total 2,031 940 2,971
Urban land in HPAs 1,599 818 2,418%
Urban land not in HPAs 432 121 553

a/ Urban acreages for the nonurban counties and area outside urban sub-
markets in the urban counties are for 1960.

b/ Land requirements for the nonurban counties and area outside urban sub-
markets in the urban counties are for the period 1961-80.

¢/ This figure is higher than the urban county projection recorded in
Table 4.1; urban land requirements outside the urban submarkets are
also included in this figure.

d/ Computed from unrounded data.



The current mileage in public roads outside of citles is published
for each county in the California Statistical Abstract [31, p. 160].

The mileage is classified according to state or county maintenance,
Estimated average acreage per mile by type of road in California was
secured from the California Division of Highways [16]. Projected 1980
mileage of Stats highways was also obtained from the same source.y
A 15 percent increase in Stete highway mileage between 1966 and 1980
is projected,
The 1980 acreage of roads by production area is projected acoording
to the following set of assumptions:
l. The mileage of county maintained roads will remain constant
between 1966 and 1980.
2, The mileage of State highways will increase consistent with
the Division of Highways projection,
3. Acreage per mile of each type of road will remain constant.
4, Acreage per mile of each type of road is the same in each
county.
5. Mileage of roads will be distributed among HPAs within a
county in 1980 in the same relationship as in 1966,
Total 1980 extra-urban acreage in HPAs is projected at 804,000 acres,
A detailed listing by HPA can be found in Appendix Table B.2, Acreage
estimates were tabulated for 1966 also, but they differed very little
from the 1980 p-ojections.y Henoe, only the latter are included in the

appendix,
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1/ Verbsl estimation Dy Thomas E. Whaley, Supervising Highway Engineer,

2/ According to assumption, the only component that differs between 1966
and the 1980 mrojection is State highway acreage, Estimated differ-
ences for this component rarely exceed 1,000 acres for any HFA,
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Semiagricultural Demands

Having inventoried the total land resources in each HFA ard
subtracted requirements for nonagricultural land uses, the residual may
be termed "gross acreage for agriculture.” It is gpparent that not all
of the gross agricultural acreage can be used for the produwetion of
crops in any single year. Land is required for the farmstead, farm
roads ard lanes, feedlots, canals, and ponds. On a year-to-year basis,
some acreage will be lost due to crop failure or ownership inflexibilities
(i.e., estats transfer, operator illness, etc.), Since cost and yleld
data used in this study are representative for a harvested acre, it is
necessary to deduct from gross agricultural land that acreage which will,
on the average, not mroduce a arop in any given year,

No detailed survey of agricultural land in the above stated uses
is available by HPA, Hence, a State proxy variable was sought which
could be applied generally to all HPAs, The 1964 Census of Agrioculture
for Califorria [104, p., 7] reports that "Crop Failure" plus "Other Land"y
accounts for 11 percent of the total land available for agriculture.

"Idle Cropland" accounts for nearly 5 percent more.

1/"Other land" in the 1964 Census includes the above stated uses plus
wasteland and excepting crop failure and ownership inflexibilities.
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The California Department of Water Resources assumes in their land
use surveys that approximately 8 - 10 percent of gross field crop acreage
and 4 - 5 percent of vegetable and orchard crop acreage is taken up by
farmsteads, farm roads, and miscellaneous uses.y

As an arbitrary standard in this study, 10 percent of gross agricultural
land in each HPA is assumed to be required for uses incidental to net agri-
cultural production, The circa 1965 acreage adjustments from gross to net
agricultural acreage are recorded for each HPA in Appendix Table B,2, The
1965-80 change in semiagricultural land is grouped with 1965-80 urban and
exoluded crop requirements in a single category in that table also,

Orchard and Vineyard Crops and Excluded Vegetables

The final step in deriving net model acreage restraints is to subtract
from net potential cropland the acreage required for orchard, vineyard, and
excluded vegetable crops. All land not required for these excluded crops
or for any of the uses already inventoried 1s assumed to be available for
the production of the study cz:-ops.2

The procedure involved in this section consists of these major parts:

1. Inventory excluded crop acreage by HPA;

2. Update the linventory as necessary to a common base period

(1965-66);
3. Project State acreage requirements to 1980;
L, Allocate 1980 State acreage among HPAs,

Inventory of excluded crop acreapge. The California Depariment of Water

Resources in 1958 began a total inventory of lard use throughout the State,

Both agricultural and nonagricultural uses were inventoried, with emphasis

1/ Verbal estimation by Fred E. Stumpf, Associate Land and Water Use Analyst,

g/ In deriving the net model acreage restralnts, requirements for pasture
and range are not also subtracted from net potential cropland. Because
of the low marginal value product of land in pasture and range, require-
ments for these uses will be allocated to land resources remaining after
the study erop location patterns are determined,
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on detail in the agricultural inventory. Sixiy separate crop or crop
groups were identified, The State was divided into study areas, and
one or more of these areas have been inventoried every year. At the
date of this writing, nearly all of the agricultural land has been
inventoried.

The areal breakdown is quite detailed, Land use is identified
geographically by major hydrologic area (e.g.,, & river basin), county,
quadrangle (covering 7-1/2 minutes of latitude and longitude), and
service area (e.g., an irrigation district).

These data, stored on some 170,000 computer cards, were secured and
summarized by 7-1/2 minute quads within counties for the excluded crops.
For a few counties, quad data could not be obtained. In these, the most
detailed land use data available were used, A preliminary inventory for
seven agricultural areas in Monterey County had been conducted by the
Department of Water Resources, For four other counties, quad data were
unavallable or umsable -~ Imperial, San Diego, Modoc, and Lassen. County
totals were used for these counties,

Because the quad and other areal boundaries do not correspond exactly
with HPA boundaries, a set of decision rules 1s necessary to allocate
crops when the inventory boundaries overlap HPAs, Refer to Table 4,3 for
a listing of soil and climate priorities for the allocation of irrigated
and nonirrigated excluded crop groups among HPAs, A maximum of two
priority levels are listed for climates and five priority levels for soils.
The following decision rules are made:

1., If climates from both columns exist within the inventory
boundary, allocate total excluded crop acreage among those
climates in the first column only.

2, Allocate the acreage among those solls in the highest priority
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column which are combined with the selected climates.

The acreage in each crop group is to be allocated among the
HPAs thus selected in proportion to their respective

"total HPA acreage” within the inventory boundary,

The rationale behind this apecification of priorities should be

emphasized, While no extensive study was undertaken to determine the

sultability of soils and climates for the excluded crops ,.]_-/ the following

points of information were gleaned from production bulletins and university

speclalists,

1,

3.

6.

Citrus production is essentially restricted to the thermal belts
which comprise olimates 42, 63 and parts of 22, 32, and 3,
Climates 11, 12, and 21 have the highest rainfall and are, there-
fore, more amenable to nonirrigated production than are the other
ol:lm.t“.'g/

The alluvial soils are generally the most fertile and lack
problems such as poor drainage, excessive salts, and extensive
profile develomment which are present in some of the other soils,
Therefore, they are best suited for all of the excluded erops,
particularly deep-rooted orchard and vineyard arops.

Soil 11 is & peat soil and is particularly well-suited to vegetable
production because of its texture.

Adequate drainage is possibly more important than level slope,
Hence, soils 21 ard 22 are given a higher priority than 12 or 14,
Shallow depth of soil is particularly restricting for orchard

1/ Refer to Chapter J for the characteristics of each soil and climate.

2

There is a wide range in anmal rainfall and its seasonal distribution

in the other climates also, but production is enhanced considerably
by the application of supplementary water in all of them.
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crops, but the presence of excessive salts is a serious
problem to all excluded crops.

7. Outside of oclimates 11, 12, and 21, much of the nonirrigated
production of orchard amd vineyard crops is on sloping but
relatively deep soll. This may be due to the higher cost of
irrigating with sprinklers., Hence, soils 21 and 22 are assigned
first priority in the allocation of nonirrigated orchard crops,

Updating to a common base periocd, The sllocation of excluded crops

among HPAs derived in the above fashion must be updated to a common base
period to mrovide a reference for projecting. The base period selected is
the average of the 1965 and 1966 crop years. The primary source of State
excluded crop data for the base period is the California Crop and Livestock
Reporting Service, County acreages for individual orops were obtained from
the same source, where available, and also from the County Agriecultural
Commissioner's Reports,

Updating the inventory data is subject to the primary assumption that
the allocation of excluded crops within a county at the time of the inventory
was optimal, Hence, the acreage of excluded orops in each HPA within a
county is scaled by the same fastor,

The 1965-66 State acreage of each of the excluded orop groups is
recorded in Table 4.4, The acreage of all excluded crops in each HPA may
be found in Appendix Table B.Z2,

1980 projections of State requirements for excluded ercps. Aggregate
California land requirements in 1980 for orchard, vineyard, ard vegetable

crop groups have been projected by Kenneth Farrell [1, p. 13]. Based on
specified yield and share of market projections, he estimates the acreage
required to meet 1980 demand as projected by Dely and Egbert [34]. The



TABLE 4.4

Average 1965-66 California Excluded

Crop Acreage

1,000
Crop group acres

af

Orchard & vineyard crops:—
Deciduous tree 390
Citrus 264
Other tree fruits 78
Grapes 488
Tree nuts 319
Excluded vegetableahj 229
Total 1,768

a/ Source: California Crop and Livestock Report-

ing Service [11].

b/ Source: California Crop and Livestock Report-

ing Service [14].

70,
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Daly-Egbert estimates of U,S, production assume that Series B U.,S,
population projections will be valid through 1980 and that export levels
will continue to increase at the same rate as during the 1950-60

decade [ 34, p. 2].

In recent years, a lower birth rate has prevailed causing the
Series C population projections for the U.,S. to appear more realistic
than the higher Series B, Reduction factors [ 97| have been derived to
convert a modified set of 1980 U.S, output projections [ 96, Appendix
Table l] from Series B to Series C population estimates, This same set of
factors is used in this study to convert the Daly-Egbert projections.

In order to assess the yleld estimates used by Farrell, a linear
least squaresyleld trend, using 1930-66 annual yield data, was estimated
for each important orchard and vineyard crop. Projected to 1980, the
estimates thus derived are higher in all cases than those by Farrell., In
order to have a conservative slant in the orchard and vineyard crop yield
estimgtes in this study, it was decided to use a simple average of Farrell's
projection and that projected by the 1930~66 linear trend.l/ The rate of
increase in yleld between 1961-65 and 1980 for excluded vegetables is the

same as Farrell's estimate for all vegetables.

1}

1/ An exception to thils rule applies to deciduocus tree crops. A high
degree of confidence could not be placed in the linear projection
of peach and pear ylelds. Therefore, a nonlinear mrojection was used
in the averaging process, The nonlinear projections were lower in
both cases than the linear as the following table indicates,

Average Linear Nonlinear
yield, projection, mrojection,
Crop 1%@1—6; 1980 1980
tons tons tons
Peaches 11,43 16,10 14,00

Pears 8,92 13.88 12,50
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Projected California share of U.S. output is estimated by different
procedures for each crop group. The basis for each projection may be
found in the footnotes to Table 4.5. Refer to Table 4,5 for the develop-
ment of projected 1980 Staie acreage of excluded crop categories,

Total excluded crop acreage in 1980 is estimated to be 1,937,000 acres,
This compares to an average of 1,710,000 acres in 1961-65 and an average
of 1,768,000 acres in the 1965-66 crop years, Farrell's 1980 projections
for these crops total 1,957,000 acres.l/ An alternative set of projections

2/

California, and U,5. output requirements based on Series C population

using linear yleld trends,™ constant share of U.S. output supplied by
estimates total 1,822,000 acres. The additional 115,000 acres projected
in this study assumes lower yields and generally larger shares supplied
by California.

Allocation of 1980 excluded orop acreage among HPAs, The allocation
of estimated 1980 excluded crop acreage among HPAs 1s based on the
following assumptions which are applicable to excluded crops as an aggregate:

l. Excluded crop acreage in counties which have no lard in

defined HPAs will remain the same as average 1965-66 acreage,
2, Location patterns within the rest of the State were optimal
in the base period,

3. With the exception of urban expansion, no shocks,causing
extensive shifting of acreage from one HPA to another, will
ocour betwesn the time of the inventory and 1980,

4, A specifio climate is more important than a specific seil to

the production of excluded crops.

1/ This acreage assumes that yleld and share of U.S. market relative to
196165 average is thes same for the exoluded vegetables as for all
vegetables,

2/ With the exception previously mentioned for deciduous tree crops,
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5« The ratio of double cropped to single cropped vegetable

acreage will remain the same as that estimated in the
1965-66 period,

If the above assumptions are valid, the acreage of excluded crops
in all HPAs will increase at the same rate. The ratio of 1980 to 1965-66
excluded crop acreage in all counties having land in HPAs is 1.1073.

See Table 4,6 for the development of this coefficient. Appendix Table B,2
records the estimates by HPA of additional land required between 1965-66
and 1980 for excluded crops,

In only five HPAs, all of which were in Southern Californis, did the
estimates of urban land requirements limit the acreage of excluded crops
to less than the acreage thus ostimatod.y In none of the HPAs was the
net agricultural acreage exceeded by more than 2,000 acres, In each case
in which projected urban acreage limited the expansion of excluded ecrops,
the excess requirement was transferred to the most similar soil in the same
climate,

Land Restraints Recapitulated

Two sets of upper limit parameters on total model crop activity
acreage have really been developed in this section, One is the current
2
land restraint."/ which 1s equal to total inventoried acreage less ocirca

1/ Although there is enough land in most of the HPAs technicelly to
allow the projected expansion of excluded crops, there likely will
be more transferring of acreage, particularly of orchard and vineyard
crops, to HPAs without heavy urban pressures, Some of the fruit and
nut orops to be removed by urban expansion urdoubtedly will not
relocate in the same vicinity to be removed again soon after the
projection date of this study, Industry sources project considerable
Ehiﬁ‘ting of orchard orops from Coastal valleys to the Central Valley
771

2/ TIdentified as "ciroca 1965 net model acreage” in Appendix Table B.2,
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1965 urban land, extra urban land uses, semiagricultural requirements,
and excluded crop acreage, The other 1s the projected land restraint,y
equal to the current restraintiess 1965-80 net urban and excluded crop
requirements, The former will be used in Model 1961-65, and the latter
in each of the 1980 models.

The remainder of this chapter will focus on the development of

parameters which restriect the acreage of particular crops in given areas.

Water Availability

Anmual rainfall in California is adequate to meet agricultural,
industrial, and municipal requirements for many years to come, However,
the spatial and seasonal distribution of this rainfall is as varied as
California's other natural resources. Two-thirds of the State's water
supplies are in the northern third of the State, while the greater
requirements are in the central and southern portions [ 30, p., 25]. While
most of the rainfall occurs between October and April, the bulk of the
cultural production takes place in the other six months,

Local storage of surface water plus pumping of groundwater supplies
is adequate to meet water requirements at low cost in some areas of the
State, In other parts, either overdraft pumping of groundwater or
importation of surface water 1s necessary to meet the existing demand
for water. When water must be imported long distances or a pumping over-
draft occurs for many years, the cost of water may become prohibitive for
agricultural purposes, In very few areas of the State is water really
a physically limiting resourcs for agriculture; but in several areas it
is economiocally limiting,

76,

1/ Identified as "projscted 1980 net model acreage’ in Appendix Table E.Z2,
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The areas designated by Department of Water Resources engineers,
Louis R, Mitchell and Helen Peters, as having water resources in effectively
limited supply to agriculture and without prospects of importing additional
water by 1980 include the coastal valleys of Santa Barbara County; Coastal
terraces of San Mateo and Santa Cruz Counties; all of the high elevation
mountain counties -- Mono, Sierra, Plumas, Lassen, Modoec, and Siskiyou;
and the intermediate level desert -~ Antelope and Owens Valleys. The
maximum acreage in each of these areas for which watef supplies are
projected to be adequate for 1980 agriculture is current irrigated acreage.
Most recent irrigated acreage data available, typically 1964, was used
to estimate irrigation restraints in these areas, The HPAs for which
restraints on irrigated acreage are imposed at less than net model acreage,

by region, include:

Central Coast Desert Mountain Valleys
(Region 2) (Region 7) (Regions 8 & 9)
0222 0171 1381
0224 0371 0191
2121 2471 0391
2122 1261
2124 2391

The same irrigated acreage restraints are used in the 1961-65 model and
in each of the 1980 models., See Apperdix Table B,3 for the restraint
values,

In all other areas of the State, it is estimated that adequate water
supplies exist or can be made available to irrigate net model acreage.
It is recognized that the cost of asdditional water to expand agricultural
production may be more expensive than that currently used, Insofar as
such estimates are currently available, this information has been taken
into sccount in the development of typlcal water cost figures in the
next chapter,
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Rotation Restraints

Fixed agrioultural rotation patterns are not the rule in
California. Unlike Midwestern agrioculture, many production pssibilities
are open to most California farmers, Therefore, the deocision concerning
which arops are to be included in the rotation is normally based more
on the expected profitabllity and risk of alternative crops than on
previous practice,

Rotation is an important physical arnd economic cultural practice
for many crops, However, it is often more important in the rotation
ocycle to take land out of the production of a specific erop for one or
more years than it is to plant to another specified commodity,

Since rotation practices in the State generally are quite flexible,
activities which involve a fixed rotation pattern were not built into
the models, Instead, restraints were imposed on the maxirum acreage in
an HPA which could be planted to a partiocular cropping activity in a
typical year if the same crop is to be grown in that area for several years
in a row, To obtain such restraints, commodity and plant pathology
specialists at the university were consulted concerning the maximum
proportion of acreage in a typical HPA that could be continuously planted
to a specific orop activity. The following questions were asked of each
speclalist:

1. How many years in ten could be grown on the same

land without adverse effects on ylelds or quality if currently
accepted management practices were used?
2, By how much, if any, would this estimate be reduced if g large

contiguous area (e.g., 30,000 acres) were planted to this orop?
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The coefficients thus obtained are recorded in Appendix Table B.4,
Acreage restraints on single crop activities may be computed by multiplying
net model acreage for any HPA by the rotation coefficient for that activity.
Only one coefficient is recorded for each crop activity. No detailed
survey was made of rotation requirements as a function of soil, climate,

or secordary crop(s) in the rotation pattern,

Cotton Allotment Restraint

Since the mid 1950's the acreage of cotton in the United States has
been subject to allotment restrictions., Allotments in any given year are
distributed among states in proportion to historical planted acreage.

The allotment to California is in turn distributed among counties and
among farms within a county by the same criterion, Acreage allotments

can be transferred from one farm to another within a county (if the same
party owns or leases both), but can be transferred to another county only
by referendum vote of the cotton farmers in the transferring county.
Because the optlon to transfer allotments to another county has been
exercised by the producers in only one county (San Diego), with a very
small acreage, the relative cotion allotment distribution among regions in
California has remained nearly constant in the past decade,

In Model 1980D, the effect on location patterns and production costs
of contimiing this relative distribution of cotton allotments will be
analyzed, The distribution between major cotton regions will be determined
by 1968 allotment levels, In 1968, California's cotton allotment was
738,639 acres, of which 671,421 acres was allocated to Region 6, 67,086
acres to Region 7, and 132 acres to other regions. Aoreage in Region 6 was

10,0 times greater than in Region 7. The negligible acreage in other regions



will be ignored, ard the allotment restraint will assure that cotton

1
acreage in Region 6 is 10 times that in Region 7.—/ While total
California cotton acreage will be endogenously determined, its relative

2
distribution among regions in Model 1980D will be thus fixed exogenously._/

HPA and Regional Restraints Concluded

Four sets of parameters ,whioh limit the acreage of all or part
of the arop activities in specific areas, have besn discussed in this
chapter, The actual parameters are recorded in Apperdix B, The only other
set of restraints to be developed are minimum output levels, which will be
discussed in Chapter 6, Cost and yleld estimates, which comprise the
final mode) parameters needed, are developed in Chapter 5,

I/ Hence, the value of coeificient"B" in Equation 2.6 in Chapter 2 is
10.0,

2/ 1In the last few years, an export acreage reserve has been established
under which producers can grow cotton in excess of their domestic
allotments, FProduction from this reserve acreage can be sold only
for export. No mprice support loans or payments are made, and in no
year has the entire export acreage reserve been utilized by producers.
A maxinum of 30,000 acres has boen produced in California in any one
year under this plan., Therefore, its impact on cotton production
patterns, if the current allotment program is continued, is expected
to be of 1ittle importancs,
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CHAPTER V

YIELDS AND COST OF PRODUCTION

A Word of Caution

The most difficult task in setting up a linear programming problem
may well be to obtain meaningful technical coefficients. Errors made in
the development of yield coefficlents and their respective unit production
costs may have serious effects on the programming solution.l/ In the disser-
tation models, if all costs are underestimated or overestimated by the same
factor, the optimal production pattern will be unaffected, If all yields
are under or overestimated by the same coefficient, more or less total lard
will be brought into production than would be required for a given level of
production, But the most pronounced problem occurs if some costs or yields
are overestimated while others are underestimated. In this case, the optimal
location pattern obtained as a programming solutlion may be seriously biased,

A detailed survey of farmers to determine average cost and yield
parameters in each HPA was clearly beyond the scope of this study. Instead,
published data and the Jjudgment of a small group of experts providod the
basis for these estimates, As to the relative ylelds and costs between HPAs,
the chief source of information has been expert opinion. No pretense was
made at the time the data was gathered, nor is it made here, that these
estimates are HPA averages., But they do reflect the thinking of some of the
most knowledgable individuals as to what the typical farmer should expect on
an efficient-sized farm with the specified soll and climste conditions in a

year representative of the period 1961-65.

1/ The yleld coefficients are the elements in the output equations
J
(equation 2.2) of the model, Tha“production cost estimates are the
ij elements in the objective row (equation 2.1).



Yields

Estimation of Typical 1961-65 Yields

A questionaire was sent to each county director of the Californis

Agricultural Extension Service requesting the best estimates of their
staff of typical recent yields on harvested acreage by HPA. All but one
county responded to the questi;mire. Following the questionaire to the
county directors, conferences were held with ons or more University of
California commodity specialists, a solils specialist, and a climate
specialist.y The commodity specialists were asked to estimate typical
yields of their respective crops for sll soils in one climste and for one
soll in all climates, The soils s=pecialist estimated ylelds for all crops
on each soil in one climate. And the climate specialist estimated yields
on one soil in each climate,

Based on the premise that the characteristics of a given soil do not
vary by climate zons arnd climatic qualities do not vary by soll group,
relative yield between two solils in one climate should be the same as between
two s0ils in any other climate., Therefore, the specialists' estimates were
expanded to provide ylield estimates in all HPAs not directly estimsted by
them, Two complets sets of yield estimates were compiled in this fashion:
one from the commodity specialists and the other from the joint estimates
by the soil and climate specialists,

The estimates from each county extension staff were normalized to
center on average county yield per harvested scre. The normalired estimates
were averaged over countles, with each county being given the same weight.
The normalized averages which were derived from estimates in three or more
counties, or a majority of counties if the HPA is confined in less than

three counties, were compiled,

1] The specialists imvolved are identified in the section "Personal
Communications™ following the Bibliography.
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All three sets of yleld estimates were independently normalized to

i/

1/ -
welghted 1961-65 State average™ 10, 14] based on estimated distribution

of

2/

production among soils and climates.,” The simple average of the nonzerc

elements in these threc ssts of normalized ylelds provide the yield para-

3/

meters by HPA used in the 1961-65 model,“ These figures are recorded in

Apperndix Table E.l.&/

1/

Exceptions include the following:

(1) Cotton ylelds are based on solid plant production only ard are
normalized to a value 9.1 percent lower than State average gross
yield., Gross weight includes bags and ties which average 22 pounds
per 500-pound bale,

(2) Safflower ylelds are estimated for an irrigated culture. They are
normalized to a value 10 percent higher than State average because
of the sizable proportion of acreage historically not irrigated.

(3) Potato ylelds are for USDA No. 1 quality only. They are normalized
to a value 25 percent lower than State average.

Yields are not normalized with great preclsion since only the regional
distribution of acreage in the base period is known., Judgment and some
guesswork was used to estimate the distribution among specific scolls ard
climates within a region.

One yield estimate for each commodity in each HPA was estimated, except
for barley. A nonirrigated barley yleld and an irrigated barley yield
were estimated for those HPAs in which both types of production are
possible, But crop ylelds were not differentiated by season or single
versus double crop culture, In those HPAs where a crop of nonirrigated
barley must be preceded by a fallow year, the yileld coefficients are
one-half the yield estimated for the crop year. For the double crop
activities involving lettuce, the yields of both harvested crops in the
year are included, For a discussion of the speclal case of barley-grain
sorghum double crop production, refer to the final section of this chapter,

In general, if a double crop activity is specified for the production
of a commodity in an HPA, a single crop activity is not also specified
there, However, because of the fixed minimum output restraints for each
commodity, it was observed in a preliminary model that total cost could
be reduced if a single crop activity were added for summer lettuce in
the Central Coast and for irrigated barley in the Central Valley, Rather
than expanding these crop activities to all HPAs in those regions, the
most efficient areas for such activities were determined by inspection.
Hence, a summer lettuce single orop activity is identified for only a
limited portion of the HPAs in Region 2, and an lirrigated barley
activity for only part of the HPAs in Regions & - 6,



Trends and Development of Yield Projections

Avergge yield per acre of all major crbps in California has risen
rapidly in the last several decades., Teohmnological innovations, improved
plant varieties, and better managerial skills have had a marked impact on
Yields, Given the current emphasis on research and adoption of new ideas,
this upward surge is expected to oontd.mo. The question is, how mmoch? Two
point estimates for the 1980 yield of each crop have been obtained by
statistical estimation of time trends in yields. The equation forms used
include a linear equation

and logaritimic equation

log Iz = "2 + bz log T, (5.2)

where T is year (T19,+5 =1) ad Y, is average California per acre yield,
They were estimated from anmial California yleld data for the years 1945-66
for each of the study ocrops .y Least squares estimates of Y, were obtained
for the year 1980, The estimated 1980 yields of each orop relative to
average 1961-65 yield [10, 14] are reported in Table 5.1. The regression
estimates of a8 and bi' along with the t-values for bi' are reported as
inserts in Appendix Figures C,1 to C.15.

It may be observed that a relatively high t-value of both hl and b2
is obtained for nearly every crop. In faot, for only one orop is a coeffi-
cient of regression insignificant at the 5 percent level. However, the
1980 yleld estimates obtained from these two equation forms are often

greatly different, As Stollsteimer, et al. [86. p. 87] concluded with regard

10] for safflower and for 1965-00 yields of all field orops;
92 | for all field crops, 1945-64, except zafflower;

14| for all vegetable orops exoept potatoes;

9%,101] for potatoes,
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to statistical cost functions, although the results are very dissimilar,

respectable measures of correlation and reliability may be obtained from

more than one equation., Therefore, absolute confidence was not placed in
either of these sets of statistical estimates, Instead, these estimates

were modified by the judgment of commodity specialists,

The table amd graphs containing historical data and statistical
estimates of trend were taken to conferences with the respective speclalists,
Using this information as reference material, the following question was
asked for each crop: *What do you consider will be the most likely level
of State average yield in California in 19807" The background assumptions

iy

1., Yield estimates to be based on reasonable expected adoption

for these yleld projections were as follows:

of known technology;

2. Cost-price relations in 1980 similar to 1961-65;

3. No continued major wars and no depression;

L, Target year 1980 will be a normal year with no unusual
weather corditions, disease problems, etc;

2/

The specialists' estimates are also recorded in Appendix Figures C.1 to C.15,

5. No shifts in production locations,

and their estimates relative to the weighted average 1961-65 yield are
provided in Table 5.1.

The estimates obtained from the commodity specialists are the ones
used to project ylelds in this study., It will be noted that, with three
exceptions, their estimates coincide with either the linear or curvilinear

1/ The question and assumptions, except for the target_year, are basically
the same as those used by Dean & McCorkle [ 41, p.11].

2/ The importance of this last sssumption is obvious: the objective was to
estimate the increase in yleld that could be expected within an HPA,
not because of mroduction shifting to another HPFA with a superior or
inferior soil-climate mix,
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regression estimates or fall somewhere between these two extremes,

Two assumptions are critical for the application of these estimates
to HPA yields: 1) ylelds in all HPAs will increase relatively the same
for any single crop, and 2) yields of all crops in a commodity group will
increase at the same rate as the representative crop. Therefore, crop

yield in each HPA increases at the same rate as average State yield.y

Cost of Production

The objective funotion to be minimized in this study is total variable
(i.e., nonland) cost, Potential agricultural land is the only resource
for which supply is considered inelastic in each HPA for 1980, Therefore,
all costs of production, except rents on existing land, must be estimated
and aggregated for one acre of land for one year, These include annual
cash production expenses and annual charges for short and intermediate term
investments and additionsl development of lard,

This section is divided into two parts, In the first, the methods
used in estimating relative base period cost among HPfs are explasined, In
the second, the development of a coefficient for estimating 1980 costs is
discussed, This coefficient is used to update all cost categories for all
crops in all HPAs,

Develomment of Representative 1965 Nonland Costs

The method used to estimate current costs is to develop a budget
for a base area for each crop and then to estimate physical input requirements
and unit costs for other HPAs in relation to the base area, A standard set
of unit costs for several cost items is ectablished., These are recorded in

Appendix Table D,4, The cost of harvesting each crop is hypothesized to be

1/ Although 1980 HPA ylelds are not recorded, they may be computed simply
by multiplying 1961-65 yield in Appendix E by the respective crop
coefficient from Table 5.1.
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a linear function of yleld, That portion which varies directly with

yield is recorded in Appendix Table D,5. Physical inputs and unit costs
for most categories are eatimated for a base area from recent Agricultural
Extension Service sample cost studies, The specific county and year of
the study used, along with the HPA it is judged to be abpliodble for, are
recorded in Apperdix Table D,.8,

Basic assumptions made in the extension of these cost estimates to
an entire HPA include the following:

1. A1l land in soll categories 01-15 is adequately leveled for
flood or furrow irrigation; in categories 21.24, smrinkler or
contour irrigation is necessary because of greater slope.

2. All land, except soils 13 and 15, is leached of excessive salts,
ard necessary drains are installed; Salts must be leached from
soils 13 ard 15, and artifiocial drainage may be required.

3. All land units in an HPA face an unlimited supply of all other
resources at the specified mrices, excepting the resocurce of
water in those HPAs for which an irrigation restraint is imposed.

4, Tractors, equipment, and irrigation delivery systems depreciate
as functions of time only.

5. In double crop gctivities, depreciable items used in the produc-~
tion of one crop can also be used in the production of the second
crop.

A single total cost estimate applicable to existing developed agri-
cultural land, except for soils 13 and 15, is made for each crop activity
in an HPA. Step~cost functions within an HPA are thus ruled out by
assumption., The anmial investment cost in a double crop activity, based on
the last two assumptions, is calculated as the sum of one=half the invest-
ment cost of each crop,.

Differential physical input requirements were estimated for the non-

bazic HPAs from cost studies in other counties and from confersnces with
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commodity specialists, The develomment of costs in other HPAs were
guided by the following assumptions:
l. Investment cost does not vary by HPA;
2, Sprinkler irrigation is used for all arops, except rice,
on soils 21-24;y
3. The only unit costs which differ by HPA are water costs;
4, In the absence of specislist judgment or other evidence
to the contrary, input requirements per acre are assumed te be
the same in all HPAs,
Estimated 1965 total nonland cost of each model crop activity on one acre
of HPA land in one year may be fourd in Apperdix Table E,l.

Irrigation requirements, Consumptive water use, irrigation efficiency,

rainfall and its sesasonal distribution all combine to determine the totsl
irrigation water that must be applied to & crop, Irrigation requirements

for crops in many areas of California have been estimated by various resear-
chers [17, 27, 30, 32, 105, 106], These estimates have been sorted along
climatioc gone boundaries, averaged, and checked with University of California
commodity, irrigation, and climate specialists, The best estimates so
obtained are summarized in Appendix Table D.l.

Although specific studles comparing the irrigation efficiency on the
different soil groups defined for this study were not found, the commodity
specialists generally agreed that irrigation requirements on sandy soils are
about 20% higher ard on clay soils about 20% lower than on loam soils,
Application efficiency with sprinkler irrigation is estimated to be 15%

1/ Although rice would not be irrigated by sprinklers, higher costs are
also estimated for rice on these soils to account for additional
leveling ard contouring.
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greater than with flood or furrow irrigation, Relative irrigation
requirements on each soil group are recorded in Appendix Table D.2,
Water Costs., Estimated 1965 water cost per acre foot is recorded in

Appendix Table D.3 for each HPA, These ;htingtos are welghted averages of
estimates derived for each county HPA, The sources of county HPA water cost
data include previcus water cost studies in the San Joaquin and Salinas
Valleys [67, 71, 72], reported irrigation district charges [29], depth to
groundwater maps and tables [18, 19, 20, 21, 22, 25], estimated future water
costs by district on the Westside, San Joaquin Valley [ 74, 75, 76], Agricul-
tural Extension Service sample costs sheets [106], and the judgment of
engineering consultants, Louis R, Mitochell and Helen Peters, from the
California Department of Water Resources, N

An extensive stndy was undertaken by Moore and Snyder [72] to determine
pumping 1ifts in the San Joaquin Valley, In reporting their conclusions,
they defined areas of simllar pump 1ift, Because surface water supplies a
significant proportion of total irrigation water used there, they followed
their initial study with an analysis of surface water costs for the same
areas, They computed average water cost for each aresa based on relative
shares supplied by surface and groundwater sources [67]. These latter
figures were used exclusively in this study for the San Joaquin Valley,
except for the Westside, Water cost per acre foot in each HPA is computed
by welghting Moore and Snyder's figure by the proportion of the HPA in each
of their areas,

For the Westside, cost estimates of water to be delivered from the
California Aqueduct were obtained from the water agencies that will distri-
bute this water [74, 75, 76]. Their cost estimates generally were for water
at canalside., To these figures were added the estimated distribution costs,
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The water costs at the headgate thus derived are averaged with Moore
and Snyder's estimates weighted by the relative area of the HPA covered
by each source,

In most other areas of the State, water cost is estimated by
directly averaging costs from surface-]—'/ and groundWatery sources, It is
expected that irrigatlion districts provide virtually all of the water
within their geographic boundaries, and grourdwater sources supply the
residual to each HPA, In those counties for which neither surface nor
groundwater data are available, water cost is estimated from county
Agricultural Extension Service estimates [106].2/

y The cost of surface water in irrigation districts was calculated
by dividing total revemue received from farm deliveries by
quantity delivered for agricultural use, This is an important
difference from taking the reported cost per acre foot, because
the latter often excludes charges levied per acre irrigated or
per assessed valuation,

2/ The cost for groundwater was calculated by_obtaining data on depth
to the water table [18, 19, 20, 21, 22, 25], adding 40 feet to
account for drawdown, and multiplying the sum by $.045/ft,

3/ The average of the sample cost sheet estimates is assumed to be
the average water cost on all alluvigl and basin solls in the
county, An additional pump lift of 50 feet is added to estimate
water cost on terrace solls,



Reclamation costs., Barley has the highest tolerance to saline

conditions of any crop in the study [8, Pe 10]. Even with its relatively
high tolerance, barley ylelds are reduced by 10 percent at the estimated
typical salinity levels of soils 13 and 15.1/ The only crop activities
permitted to enter the optimal solution on umreclaimed soils 13 and 15
are the nonlrrigated barley activitles, The rationale behind permitting
only these activities is that if water is inexpensive enough to make
irrigation profitable without reclamation, it would be more profitable

to also reclaim the soil of excessive salts,

Virtually complete reclamation of the top three feet of soil is
specified as prerequisite to the production of all other crop activities,
except rice, For rice production, it is only necessary to remove salts
from the top 3-6 inches of soil,

Reclamation costs, both one-time outlays and periodic costs, for
each saline and alkaline HPA were estimated in consultation with
university irrigation speclialists Larry Booher and Robert Ayers and
soils specialist Gordon Huntington. An annual charge using a 6% interest
rate and straightline depreclation were computed and are summarized in
Apperdix Table D.6 for the alternative cropping activities,

1 I

1/ The salinity level of a soil is determined by measuring its
electrical corductivity. The estimated typical electroconductivity
of a saturated extract of soil 13 or soil 15 is 18 millimhos
per centimeter,
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Estimation of 1980 Nonland Costs

The discussion which follows explains the rationale behind the
scalar estimation of 1980 nonland production costs relative to 1965 costs.
Since a single coefficient is used to project total production cost of
all crops in every HPA, it has no effect on the optimal location pattern,
Its only function is to provide more reasonable estimates of 1980 total
cost parameters so that the shadow prices derived endogenously from the
1980 models are also more realistiec,

The unit price of all nonland agricultural inputs in the U,S, has
increased 16,6 percent during the 15-year period between 1945-49 and
1960-64 [93, 100]. According to Farrell, "The [California] farm sector
is now [year 1965] producing nearly one-third greater output, with only
3 percent more total inputs than in 1950" [1, p. 6]. Since cropland in
California during the period 1950-65 actually decreased, the increase
in nonland inputs was more than 3 percent, If 1) a 5 percent increase
in nonland inputs between 1950 and 1965 was a reascnable estimate,

2) nonland inputs between 1965 and 1980 will increase at the same rate,
amd 3) unit costs will increase an average of 17 percent, then total

nonland production costs will increase by 23 percent between 1965 and
1980.l/

;j Since most of the base area budgets were developed from more
recent data than 1965, 1980 costs may be biased slightly upward,
But, in any event, the optimal location pattern will be unaffected,
Because of the higher yield estimate, the actual cost parameters
used in the 1980 models are more than 23 percent higher than the
1965 parameter. To calculate the 1980 cost parameter, multiply
the differential yield between 1961-65 and 1980 by 1,1 times the
unit 1965 harvest cost. Add this quantity to the 1965 total
variable cost estimate and multiply the total by 1.23.
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An alternative to the above procedure would have been to group

inputs into several major categories such as skilled labor, unskilled labor,
machinery, water, fertilizer and chemicals, etc, Then the cost of each
category could have been projected at its own rate, based possibly on
historical tremds. Assuming that the input mix will remain constant to 1980,
this procedure would provide more realistic estimates of actual 1980 costs.
For example, because labor costs have risen at a more rapid rate in
the recent past than machinery prices, one might expect the 1980 nonlard
cost parameters in this study to be urderestimated for the labor intensive
crops or areas and overestimated for the capital intensive ones. However,
it should be cbserved that there is considerable substitution of one input
for another over time, especially between labor and capital. Rapidly
increasing labor costs have been largely responsible for the trend to
mechanize formerly labor intensive production practices, Therefore, the
major problem in projecting the cost of input categories at different rates,
if based on historical data, is failing to foresee the substitution that will
take place between categorlies, Without further investigation, it would
appear to the writer that the distortlons caused by projecting all costs
to increase at the same rate between 1965 and 1980 may be 1little more than
those caused by mrojecting the cost of individuasl categories independently.

The possibility of input substitution is a very real one.

A Note on the Barley-Grain Sorghum Double Crop Activity

Three basic double crop activities are specified in this study:
1ettuce-lettuoel"{ broccoli«~lettuce, and barley-grain sorghum, For the first
two combinations, the climate zones identified by the specialists as capable

1/ Three different seasonal mixes of a letiuce-lettuce double crop
are possible,
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of producing two crops in s year can normally produce two arops every
year, For the barley-grain sorghum ocombination, this is not se,
Fourtesn olimates are listed in whioch two crops can be harvested in a
majority of years, but in only two of the fourteen can continuous deuble
cropping be practiced,

The proportion of years in which two orops of feed grains can be
harvested in each of the double cropping oclimates was estimated by the
commodity speclalists, The remaining years are assumed equally divided
betwesn the production of barley and grain sorghum,

Sinoe resource restraints are specified in units of net agriocultural
land acres for a time period of one year, the model cost and yield parameters
mst be relevant for crop production on one acre of land in a year. Single
crop activity estimates derived on this basis are the same as for one har-
vested gore. For the barley-fallow activity, the estimates per anmual unit
of land are one-half the cost and yleld estimates per harvested acre, Lettuce-
lettuce and broccoli-lettuce double erop activities include the cost of
producing both arops and the yleld estimates are for both on an acre of land
in one year. A orop of barley and of grain sorghum cannot be harvested
overy year from the same land in 2]l HFAs for which a double crep feed grain
activity is specified, Hence, the cost and yield estimates per harvested
aore of each crop must be reduced by the proportion of years in which each
coxmodity is not grown in order to be rerresentative of one acre of land.

Costs are further modified to reflect the ratio of double to single
crop years for each commodity., The ocost and yleld estimates for both crops
are tregted alike since, by assumption, they are grown the same proportion
of the time.

There is no difference in the crop yield estimates obtained betwsen
the single and double crop aotivitles., The only difference in either orop's
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cost estimate is in the investment category, which in a double crop
activity is equal to one~half the single crop investment cost. To

1llustrate for either barley or grain sorghum, define:

a = proportion of years the crop is grown,

b = proportion of years the crop is not grown,

8, = proportion of years crop is grown in double crop activity,
32 = proportion of years crop is grown in single crop activity,
Ic = investment cost in single crop activity for crop year,

Cc = total nonland cost for crop year,

Y. = yleld for crop year,

I = annual investment cost in amalgmated activity,
C = total annual nonland cost in amalgamated activity,
Y =

annual yield;
then
a + b =1, (5.3)
a) + 8, = 8 (5.4)
ard
I = (.58) +8,)I (5.5)
C =alC,-I)+1I, (5.6)
Y =aY_. (5.7)

The total cost figure for the amalgamated double crop activity is obtained
by summing Equation 5.6 for both erops. See Appendix Table D.7 for the
values of coefficients a, al, and 32 in those climates for which a double
eropping activity is specified,

An alternative to this amalgamation procedure would have been to
assume that in any climate where two feed grain crops can be produced in
& majority of years, two can be produced every year. However, this
alternative, galthough simpler, is a considerably less realistic method of

determining actual feed grain land requirements.
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Sumrx

The cost and yield estimates to be used in Model 1961-65 and in the
1980 models have been discussed in this chapter., Some publishsd data
have been used in the development of these estimates, but the judgment
of farm advisors and university specialists has been the primary source
of data, The reliabllity of the parsmeters derived in this chapter will
be of basic importance in determining the ressonableness of the optimum

production patterns for the output levels estimated in the next chapter.
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CHAPTER VI

CALIFORNIA FRODUCTION FROJECTIONS

Development of 1980 Output Projections

This chapter is devoted primarily to a discussion of the demamnd
restraint development for ths 1980 models.l/ Basically there are two sets
of California output projections. Both are based on the same U,S., commodity

2/,

ut with different assumptions concerning the share

Y

One set (for Model 1980A) is made on the premise that California

output projections,

to be supplied by California.

producers will continue to supply the same share of U.5. output which they
produced during the period 1961-65. Because California's share in the
production of some commodities has changed rather steadily over a period
of one or more decades, the second set of projections assumes that these
trends will contimue to 1980, California's projected share in 1980 is
estimated from time series data on market share with the time variable
expressed 1) in actual units from the base year and 2) in 1og¢r1thms.&/
These projections for Model 1980B are also used for Models 1980C and

19800 but with some modification in specific crop groups.

1/ These are the Bg values in equation 2.2,

g/ An exception to this statement affects one set of demand estimates for
forage and feed grains, The secord estimate for these two orop groups
is based on projections of livestock and poultry fed in California,
rather than on a specific assumption regarding the share of U,S, output
supplied by California. For details, see the explanation in the next
seotion of this chapter,

3/ The goal of achieving a certain share of the national and international
markets is not based on an economic concept such as maximieing national
welfare, It is a purely empirical question., There is no direct
oconsideration given here to the relative advantage of regions outside
of California, except as such advantage has affected California's
historical share trends,

4/ A minimum of ten and a maximum of 37 years of annual data were used in
each equation. The equation providing the highest degree of explained
variance was used in the projections.



U. S, output projections for 1980 have been made by Daly and Egbert

[35] for many of the crop groups in this study, Their projections are
based on the following assumptions [ 34, pp. 2-5]:

1.

2,

3.

b,

5e

U.S. population will reach 245 million by 1980 (Census Bureau
Series B estimate);

Fer capdta consumption in the U.S. will continue to change
gonerally according to recent trends; |

Prices of farm products will be approximately the same as in
recent years;

Exports will contime to increase by the same quantities as
during the 1950-60 decade;

Per capita disposable income will show an annual gain of
approximately 2.3 percent.

Their cutput projections, modified to the lower Series C population

estimate of 235 million, are used in this study for potatoes and each of

the field crops.

The output of U, S. vegetable crops, exoept potatoes, in 1980 is

projected in this study based on the following assumptions;

1.

3.

U, S, population will reach 235 willion by 1980 (Series C
population estimate);

Per capita consumption of individual vegetables will contimme to
shift according to general trends of the past two decades;

Net export demand will change in the same proportion as domestic
demand,

The California output projections fer each arop under both sets of

sssumptions are recorded in Tables 6.1 and 6,2,U.S, output projeations,

California's past and projected shares, and other essential support date

may also be found in these tables.

97,
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Special Situations
Alfalfa

Alfalfa hay is readily substitutable for other types of hay in
livestock production., The percentage of California hay which is alfalfa
has been increasing steadily for many years, Therefore, the development
of alfalfa hay projections involves 1) cutput projection of all hay, and
2) projections of alfalfa as a percentage of all hay, Alfalfs hay is
projected to increase from 84 percent of all hay in the peried 1961-65 to
88 percent in the first set of 1980 projections and 87.8 percent in the
second set. This rate of inorease corresponds favorably to recent trends,
Safflower

Cottonseed and safflower oll are the only vegetable oils produced in
significant quantity in California. For mrojection purposes, it is assumed
that 1) the outturn rate of cottonseed oil as a byproduct of lint production
will remain constant to 1980, and 2) safflower will supply the remainder
of California's vegetable oil, California's vegetable oil production is
projected as a psroent of U,S, food fats and oils,

Seasonal Demand

Most output restraints developed in this study are for anmal
production, However, for certain crops, there are seasonal demand aspects
which are very important in determiming production patterns. This is
partioularly true for perishable vegetable orerns sold on the fresh market,
For example, the Desert HPA 0372 has a relatively high cost == yleld ratio
in comparison to other HPAs for the production of tomatoes. With only an
annual output restraint specified, the tomato activity in HPA 0372 does
not come into the optimal solution, However, 1f tematoes could be produced
there in an off-season when the prioce is substantially higher, it very well
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may be an economic allocation of resources to produce some tomatoes in

HPA 0372.

It is recognized that seasonal demand characteristios play an
important role in defining production patterns for several of the crops
in this study. However, seasonal demand restraints are specified for only
two: lettuce and melons. Virtually all the production of these crops is
distributed for fresh market consumption,

Lettuce is produced year rournd in California. But whereas winter
lettuce can be grown in one climate, only summer lettuce can be grown in
another, Climates in which spring lettuce can be produced are generally
also suitable for fall lettuce, but may not be well suited for either
summer or winter production. Hence, lettuce demand is separated into three
seasons: fall-spring, summer, and winter. Approximately 34 percent of
California lettuce produced in 1961-65 was marketed in the spring and fall,
32 percent in the summer, and 34 percent in the winter. No strong trends
in the share of Californlia lettuce produced by season are discernable in
the 1957-66 decade., Therefore, the distribution among seasons is projected
to remain constant to 1980,

The harvest season for melons is }imited to less than seven months,
Thsse are three major seasons for cantaloupes and two each for honeydew
melons and watermelons, Productlon of the spring orop in particular is
limited to the low desert valleys (climate 72). The fall cantaloupe crop
is also produced in this olimate zone. Melon output restraints are
separated into the spring-fall seasons and the summer season. In the base
period, approximately 16 percent of the cantaloupes, 6 percent of the honey-
dew melons, and 40 percent of the watermelons were produced in the spring
and fall seasons, with the remainder being harvested in the summer., These
relative seasonal distributions are projected to prevail in 1980 also,
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Varietal Restraints

In two cases the geographic adaptability of important commodity
varieties are deemed to be sufficiently different from the rest to
necessitate minimum varietal output restraints, The two instances are
dry beans ard potatoes,

So many varieties of dry beans are produced in California that a
single yield estimate cannot represent all of them, The yield estimates
used in this study are considerably higher for Reglon 2 (the Central Coast)
than for Regions 4, 5, and 6 (The Central Valley), However, for bean
varieties such as blackeye, pink, kidney, and baby lima, the yields obtained
in the Central Valley are higher than in the Central Coast. It is expected
that at least these varietlies will continue to be produced in the Central
Valley and will commrise at least their current percentage of dry bean
production, Therefore, a minimum output restraint is imposed on dry bean
production in this area at 54 percent of California dry bean output,

Potatoes produced in Region 1 are predominately of the Russet Burbank
variety., This varlety is a high quality potato for fresh consumption and
is projected to retain at least its current share of total potato
production, Therefore, a minimum output restraint on Region 1 potatoes
equal to its current share, approximately 13 percent, of State output is
imposed on all models,

Forage and Feed Grain Projections Based on Livestock and Poultry
Numbers in California

In the second general set of 1980 output restraints, the output
of forage ard feed grains correspond to independent livestock and
poultry projections made as a part of this study, Numbers of livestock
and poultry fed in California are projected to change as follows between
1961-65 and 1980:
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as follows between 1961-65 and 1980:

Type of animal Percent change
Beef Cattle + 2

Dairy Cattle + 27

Sheep -9

Hogs -3
Poultry + 26

The forage-concentrate ratio is assumed to remain constant. Total
hay supplies of 8,172,000 tons (up 10 percent from average 1961-65) are
projected to come from California. Estimating that California will supply
58 percent (compared to 51 percent in the 1961-65 period and 65 percent in
1967) of its feed grain requirement, California feed grain production in
1980 is projected to be 3,400,000 tons (up 34 percent from 1961-65).

In both sets of output projections, the gquantity of corn and sorghums
produced for silage i1s projected to increase in proportion to the number
of dairy cows in California, A 46 percent increase over average 1961-65
production is thus estimated.

Conversion of Output Estimates to Representative Crop Units

For the crop groups which are represented in the linear program
by a single commodity, one demand value for the entire group must be
obtained, It has already been assumed that relative ylelds of each of the
crops in a group remain constant over HPAs and that they increase at the
same rate over time. In order that the model solution accurately reflects
the true acreage required for the group, demand for the nonrepresentative
crops are converted into units of the representative crop in proportion
to their average 1961-65 State yields. The group output restraints thus
derived are recorded in Appendix Table F.1.



Feed Grain Output as a Single Restraint 105.

One alternative to output projections by specified crop groups is
anslyzed in this study and incorporated into the ocutput restraints for
Models 1980C and 1980D, This alternative is to remove the minimum output
restraints from each of the individual feed grains, speocify a single minimum
feed grain output, and soclve for the minimum cost feed grain mix,

The yield and output estimates for the barley and sorghum groups used
in Model 1980B are converted to corn equivalent net energy units, The
relative net energy values used for conversion were derived by an average of
estimates obtained for various classes of livestock and poultry;/weighted
by the portion of 1961~65 feed grains fed to each olass.gj The average

relative net energy values are as follows:

Corn 1.00
Sorgllum . 96
Barley 93

The output projection in Model 1980B for each feed grain group is multiplied
by its respective factor to convert to corn equivalents, The output require-
ment for individual feed grain groups is set at zero, with the exception of
the barley group. This last group includes the food grain, wheat, as well

as feed grains, barley and eats, Its output, therefore, is set at the
projected wheat output level multiplied by the relative 1961-65 yields of
barley and wheat, Refer to Appendix Table F.,1 for these minimum output
restraints,

Imposition of Cotton Allotments

In Model 1980D the impact on production patterns of imposing a regional
cotton allotment restraint is analyzed, If a regional cotton allotment
restraint is imposed, total California cotton lint output projections must

also be modifed, It is not realistic that urder a continuation of current

1/ 64.Aii§5]’for ruminants, [73| for hogs, and a verbal estimate by Wilbur
« Wilson, Chairman, Deparfment of Poultry Husbandry, University of
California, Davis for poultry.
2/ The breakdown of feed grains fed to each ¢lass has been estimated by
King [84]: ruminants - 53,2%, poultry - 44.5%, hogs - 2.3%.
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allotaent programs, California's share of U, S, output will inorease as
proJootpd.y The bulk of the historical increase in California's share
came before the intreduction of the allotment program. Since 1957
California's share has not increased markedly.

Assuming that cotton yislds in Californis increase at the same rate
as the rest of the nation and that the relative distribution of allotments
among states will not change, the California cotton output restraint in
Model 1980D will be the same as in Model 1980A,

If the projected share of U.S. food fats and oils supplied by California
vegetable oils is not altered, the output restraint for safflower must be
increased, With allotments imposed, the cottonseed oil output projection
will be cut back from 355 to 250 million pounds, To meet projected vegetable
0ll requirements from California, 711 million pounds of safflower cil or
1,033,000 tons of safflower seed must be produced.

Model 1961-65 Restraints

Actual 196165 California production of each arop is used as the basis
for the Model 1961-65 output restraints. The development of restraints in
representative crop units is implemented in the same way as for the 1980
models, These restraints are also recorded in Appendix Table F.l. However,

a different data series for 1961-65 production is used for the 1961-65 model
than i1s used as the basis for the 1980 output projections, In order teo
estimate the share of U,S, production to be supplied by California in 1980,

it was necessary to use a data series whioh records both California and U.S.
crop production. The 1980 mrojections are based on 1961-65 output as reported

1/ It is recognised that seme increase in Califernia's share may occur
because of roduction exclusively for the expert market. However, as
explained in Chapter 4, preduction on this basis is not expected to be
very substantial,
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in Agrioultural Statistios [91] and U.S, Fats and Oils Statisties [95],

But HPA yleld estimates for the base period have been normalized to
average State yleld reported by the California Crop and Livestock Reporting
Service. In addition, the base period model acreage will be compared

with actual crop acreage from that source. Therefore, the Model 1961-65
output restraints are also devolped from California Crop and Livestock
Reporting Service data.

Sumary

The estimation of base period and 1980 output levels complete the
elements required for the models specified in Chapter 2, Other elements
were developed in the three preceeding chapters, In Chapter 3, homogeneous
production areas were defined, In Chapter 4, the acreage in each HPA was
computed, Estimates of acreage in nonfarm amd excluded crop uses in the
base period and conversions of model crop lard to these uses by 1980 were
also derived, In the last chapter, total nonland cost and yield per acre
were estimated for both time periods.,

The attention of the reader will be focused in the following three
chapters on the analytical insights gleaned from the various model solutions.
In Chapter 7, the Model 1961-65 solution will be compsered with the actual
base period patterns., The results of the 1980 models are contrasted with
the base period in Chapter 8, Certain policy implications of the model
solutions are suggested in the final chapter, together with a critical
evaluation of the methods of analysis used and suggestions for further

research,



CHAPTER VII

OPTIMUM CIRCA 1961-65 VERSUS ACTUAL PRODUCTION PATTERN

Introduotion

This Model?

There are two primary purposes for including a 1961-65 model in the

anslytical section of the thesis:

1.

2,

To determine the differences between acreage and price levels

in the real world and in the linear programming solution, with —-
a) a given level of output, b) model ylelds normalised to state
average for the same period, and o) model costs representative
of actual costs; and

To provide a base period optimal solution with which to compare
the effects of urban expansion, increasing cost and yield, and

& changing demand for agricultuwral products to 1980,

The first purpose stated for including this model should be clearly

distinguished from providing a validity test of the model. The model is

normative and its value (or validity) is not measured by how closely it

aprroximates the real world, There are several reasons that might cause

108,

the model zolution to differ from the actual, These inolude the following:

1,
2.
3.
b,
5e

6.

Resources were not optimally allocated in the base period;
Farmers do not have the single objective of maximising profits;
Not all of the relevant variables have been considered;

The data collected areincorrect or inadequate;

There is not a linear relation between variables over the
relevant range;

The model is too aggregative —= i.e,, there 1s a great deal of
variation in cost and yleld within an EPA, or seasonal or special
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markets are much more important than assumed in the

1/

It is likely that all of the above possibilities are reflected in

model development,

the model results. While a desirable goal of this type of model iz to
estimate the extent of resource misallocation, such an estimate must be
tempered by due consideration for the other possible causes for the model
solution differing from the real world, Analysis of other variables (e.g.,
transportation costs, location and economic life of processing plants,
etc.) and further refinement of the data (more accurate estimation of
average cost and yleld and additional consideration of variance) may be
quite important in explaining these differences, However, misallocation
of resources is doubtless an important factor also.

The usefulness of the second stated purpose of the 1961-65 model is
to allow a separation in the discussion of the 1980 model solutions between
the effects of changing parameters over time and the effects of moving from
a hypothetical or real state of initial disequilibrium to one of static
equilibrium,
Matrix Size

The physical dimensions of the 1961-65 model activity matrix are 822
rows ard 1102 columns, The matrix strueture is block diagonal. ILard, water,
and rotation restraints each apply to crop activities in only one HPA. The
output restraints tie the model together because demand for each commodity

can be satisfied by production in any of a group of HPAs,

1/ It should be recalled that the farm price for a given commodity i=s
assumed to be equal in all regions of the State. Thus, some
deviations of model production from actusl patterns are due to
current locations of processing plants (e.g., sugar refineries),
feeding areas, and markets for commodities which cause the vector
of farm prices in one agrea to differ somewhat frem that in another,
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Plan . of Discussion

The remainder of this chapter will be divided into two sections,
with the major insights from the mrimal linear programming solution being
presented in the first and those from the dual solution in the second.

In the first section, the optimal acreage and distribution of production
among regions will be compared to the actual patterns. Because there are
nonirrigated activities in the model, there are really three acreage
comparisons of interest: larnd use (land resources required), irrigated
acreage (portion of land resources requiring irrigation), and harvested
crop acreage (output acresge of each crop). In the second section, derived
model total product value and imputed product prices will be compared with
actual value and prioces,

It should be noted that the term "optimal' is applied to the model
solution discussed in this chapter and to each of the model solutions in
the next chapter. Each model solution discussed is optimal in the sense
that for the output, cost, yleld, and acreage parameters used in each
model, it is the one for which total costs are at a minimum (and producer
profits are estimated to be at a maximum)., None of the solutions is
presented as an optimum in the sense that the model parameters glso are
derived under conditions which meet some measure of optimality.

State and Regional Acreage Comparison

Estimation of Actual 1961-65 Acreage Data

To mrovide a basis for comparing the optimal model solutions, aoctual
1961-65 regional acreage of irrigated land and harvested acreage of each
orop group was estimated.

Regional irrigated screage., The 1964 aareage of irrigated land in

each county is reported in the Census of Agriculture [104]. Maps depicting
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the location of irrigated land within counties are published by the
Department of Water Resources [23 |o County irrigated acreage was obtained
from the first reference, while its distribution among regions within a
county was estimated from the latter by planimetering, It is assumed that
the data for 1964 are ressonable estimates for the period 1961-65 also.
Regional harvested crop acreage, The Department of Water Rescurces

land use data, discussed in Chapter 4, was summarized by seven and one<half
minmite quadrangles for the model crops. This degree of areal breakdown was
adequate to obtain reasonably acourate estimates of regional acreage.

For purposes of updating these data to a common base period, it was
assumed that the relative regional alloocation of acreage within a county
at the time of the survey remained constant, Initially a 1965-66 base
period had been chosen for crop acreage, County harvested acreage of crops
in the study was obtained for the arop years 1965 and 1966 from Crop and
Livestock Reporting Service and Agricultural Commissioner publications
(10, 1%, 33]. County data from the latter scurce were modified proportion-
ately to correspond to the State totals reported by the Crop and Livestock
Reporting Service. County crop acreage thus obtained was distributed among
regions in the same proportion as in the Department of Water Resources land
use survey.

However, when it was later decided to use a 1961-65 base period,
county acreage for this period was not computed. Instead, total 1965-66
regional crop soreage was increased or décroued mroportionately to corres-
pond to 1961-65 State harvested acreage of each crop group,

Land Use Pattern

It is estimated that there are nearly 20 million acres in California
which have potential for commerclial agriocultural production, Of this acre-
age, it is estimated that in the bass period approximately 12 percent was
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actually required for urban and extra-urban purposes, 9 percent for
semiagricultural uses, 16 percent for crops not in the study (consisting
of irrigated pasture and nonalfalfa hay as well as orchard and excluded
vegetable crops), and 30 percent for included crops. This left an
estimated 33 percent of the inventoried acreage idle or used only for
range purposes, In the model solution, only 26 pesrcent of the inventoried
acreage 1s estimated to be required for included crop production and 36
percent remains idle.y The breakdown of potentlal agricultural lamd in
Callifornia according to major types of usage is recorded for the base
period actual and model solution in Table 7,1,

The total model acreage required for the included crops is almost
800,000 acres less than actual requirements in the base period, but
optimal irrigated acreage is 335,000 higher, One conclusion drawn from
the model solution is that by shifting all production to optimal loecations
and increasing irrigated acreage by one~third million acres, total land
requirements can be decreased by more than twice that amount., Such a
conclusion is based on the premise that irrigated acreage in all regions
(except possibly Regions 3 and 6) can be expanded at the same unit water
cost in each HPA as is presently typlcal.

In Table 7.2, the model solution is recorded for each included crop
activity by region.y At the bottom of the table, a reglonal summary is
given of net model aocreage avallable, total land required for included
crops, and the residual acreage. It will be recalled that net model

acreage is equal to total inventoried acreage less urban, extra-urban,

1/ Optimal requirements in all other categories are taken to be the same
as actual.

g/ For easy reference, the production regions are delineated in Figure 7.1.
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TABLE 7.1

Land Use in California in Base Period, 1961-65
Actual and Estimated Model Requirements

Estimated acreage
Land use category , requirements
Actual | Model
1,000 acres
Nonagricultural landgj 2,403,2 2,403.2
Semi-agricultural land® 1,722.5 1,722.5
Agricultural requirements
Commodities not in atudyh/
Irrigated 2,804.0 2,804.0
Nonirrigated 406.6 406.6
Subtotal 3,210.6 3,210.6
Included commodities
Irrigated 4,763.3 5,098,0
Nonirrigated 1,163.0 38.0
Subtotal 5,926.3 5,136.0
All commodities
Irrigated 7,567.3 7,902.0
Nonirrigated 1,569.6 444.6
Total agricultural requirements 9,136.9 8,346.6
Idle land 6,362.7 7,153.0
Total land inventoried 19,625.3 19,625.3

a/ Source: Appendix Table B.2.

b/ Orchard and excluded vegetable crops, pasture, and nonalfalfa
hay =-- circa 1965-66.
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FIGURE 7.1

California Production Regions
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Region 9 -- High levels
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Central Valley
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Region 5 -- Delta

Region 6 -- San Joaquin
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California
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Region 1 =-- North
Region 2 -- Central

Region 3 -- South




TABLE 7.2

Study Crop Land Use by Reglion in Base Period, Estimated Model Requirements
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Region
Crop activity Coastal 1 Central Valley Desert | Mountain IS al
T ] 2z 1 3 1 & 5 G 7 B 9 } Stace
1,000 acres
Vegetable cropa:
Asparagus 0 42,48 0 0 0 0 42.86
Broceoll (single crop) 0 1} 0 0 2.4 o o} 2,4
Broccoll & fall or spring
lettuce (double crap) 0 40.5 o 0 0 0 o 0 0 40.5
Lettuce, fall or spring
(single crop) 1} V] 0 [} 0 0 4] 0 0 2
Lectuce, fall & spring )
(double crop) 0 0 0 o] 0 0 0 0 o 0
Lettuce, fall or spring & !
summetr (double crop) 0 0 0 0 0 0 0 9 0 0
Lettuce, summer
(single crop) 0 34.1 0 0 0 0 0 o ¢ 34.1
Lettuce, winter
(double crop) 0 0 0 0 0 0 20.1 ] [} 20.1
Cantaloupes, fall or sptinA V] 0 0 0 0 0 15.9 ) 0 15.9
Cantaloupes, summer 1] 0 0 0 0 41.0 0 0 4] 47.0
Potatoces o 54,8 0 0 10.0 15.6 0 0 14.7 25.1
Tomatoes, processing 1] 71.5 0 19.0 78.3 1] 0 0 0 1ok, ¢
Field crops:
Corn 7.0 10.0 0 29.0 110.7 0 ! 150.7
Barley (fallow) Q 34.0 0 o 4.0 0 0 0 3.0
Barley {(nonirrigated} 0 0 [ 0 0 o] 0
B::}):’)' {irrigated, single 0 0 o| 162.3] e6.1| 479.0 109.8| 90.0| 260.0 | 1,107.2
Barley & grain sorghum .
(irrigated, double crop) 0 0 v} 0 273.5 0 0 0 0 273.5
Grain sorghum (single crop) 0 [ 0 0 1] [} 4] 0 o 1}
Alfalfa hay 28.0 16.0 0 341,0 357.95 63,2 D! 57.0 7.2 1,25+, 3
Pry beans 4] 79.4 0 .0 23.0 50.4 0 1 ] 0 194,22
Rice 0 0 0 2948,7 9 i 0 : 0 0 94,7
safflower 0 s} 0 0 J 0. 210.u) o] 0! 21,0
Sugar beets ¢ 72.0 12.0 0 o2 .4 Q. lb.9 ; 0 290,
Cotton 0 0 0 0 0 v006.0 200,0 ! 0 0 wl2 .o
[Total lond utllized, - Y
Model 1961-05 oedm_%lg_l 35,0 655.0 | 72.0 865.0 920.0| 1,b60.4 562,0 | 105.0 372,90 | 3,136.0
Residual landhl 167 607 1,009 263 733 8,568
Net model acreage . . - v g
available, circa 19055/ 202 1,002 877 l1,775 5,321 1,572 448 1,105 13,828

a/ Compucted from unrounded data.
3f Includes acreage required for pasture and nonalfalfa hay.

¢/ All figures except total are computed from unrounded data.

Total is from Appendix Table B.2.
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semiagricultural, and orchard and excluded vegetable crop requirements,
Pasture and nonalfalfa hay were not introduced as model activities, nor
were they inventorlied and projected exogenously as were the excluded
crops which generally return a higher marginal value product to land
than the study crops. Therefore, the acreage required for pasture amd
nonalfalfa hay is included in the residual category in Table 7.2.

In no region do the optimal lard requirements for the model crops
equal the net model acreage available, In fact, not more than two-thirds
of this acreage is so required in any region, ard in many it is less than
a third,

Irrigated Acreage —- Actual and Model Results

Of the crop activities in this study, all but two are specified as
irrigated. Only 38,000 acres of nomirrigated barley enter the optimal
solution. The remainder of the acreage would require irrigation, Optimal
total irrigated acreage for all crops 1s estimated to be 4 percent higher
than base pericd actual.

The largest percent increase in optimal regionsl irrigated acreage
from the actual estimate is in Region 8, The largest increase in real
terms is in Reglon 5. The only regions in which a decline in irrigated
acreage is suggested by the optimal solution are Regions 3 and 6 (the
South Coast and San Joaquin Valley), Table 7.3 presents the regional and
regional group distribution of 1964 irrigated acreage, actual acreage
used for excluded crops, and optimal requirements for the crops in this
study.

Harvested Crop Acreage ~- Model 1961-65 Optimal Versus 1961-65 Actual

In the period 1961-65, harvested acreage of the study crops averaged
6,019,000 acres, The optimal harvested acreage indicated by Model 1961-65
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is 5,369,000 accresyor 11 percent less than sctual acreage., The crop
groups with the most pronounced declines in optimal acreage relative to
the actual include asparagus, small grains, and safflower. The lower
model acreage of asparagus is a result of a reglonal shift from the
relatively low yielding Reglon 5 (San Joaquin Delta) to the very high
yielding Reglon 2 (Central Coast)., In 1964, slightly more than half of
the small grain acreage was irrigated as compared to 98 percent according
to Model 1961-65 results. A similar shift from nonirrigated to irrigated
safflower productiong/ (62 percent irrigated in 1964 and 100 percent in
Model 1961-65 would cause a substantial decline in the acreage required
for this crop. -

The model results indicate that the base period output of several
other crop groups could have been produced on considerably fewer land
resources than were actually used, In addition to the three crops already
cited, six groups are allocated by the model to less than 90 percent of

1/ Harvested crop acreage differs from lanrd requirements because of
partial and complete double cropping activities on some land and a
barley-fallow activity on other land., A summary comparison of base
period actual and estimgted model harvested acreage is recorded in
Table 7.4 by region and by crop.

g/ Following a preliminary analysis of the comparative cost of producing
safflower with or without irrigation, only the irrigated activity was
specified in the LP models., Nonirrigated production on some rice land
in the Sacramento Valley (Region 4), having a particularly high water
table, may represent an optimal allocatlon of resources; but, in
general, production could be increased sufficlently by applying
supplementary water to make its application profitable in all areas.



TABIE 7.4

120,

Harvested Study Crop Acreage by Region and Crop in Base Period,
Actual and Estimated Model Requirements a/

Model Model as
Item Reglon Actual Model less percent of
number
actual actual
1,000 acres percent
ACres
REGION
Coasgtal:
North 1 6 35.0 29.0 583.3
Central 2 333 478.5 145.5 143.7
South 3 218 72.0 -146.0 33.0
Subtotal 557 585.5 28.5 105.1
Central Vvalley:
Sacramento 4 922 888.0 =58, 96,3
Delta 5 805 1,109.4 304.4 137.8
San Joaquin 6 2,679 1,666.4 | -1,012.6 62,2
Subtotal 4,406 3,663.8 =742.2 83.2
Desert:
Southern California 7 649 582.7 ~-66.3 89.8
Mountain Valleys:
Intermediate 8 249 165.0 -84.0 66.3
High 9 158 372.0 214.0 235.4
Subtotal 407 537.0 130.0 131.9
State 6,019 5,369,0 -650.0 89.2
CROP_GROUP
Asparagus 64 42.8 -21.2 66.9
Cole crops 48 42.9 =5.1 89.4
Lettuce 116 114.8 -1.2 99.0
Melons 73 62.9 =10.1 86.2
Potatoes 101 95.1 =5.9 94.2
Tomatoes 178 168.8 -9.2 94.8
Corn 180 156.7 =23.3 87.1
Small grains 1,871 1,418.6 =452.4 75.8
Sorghums 265 232.5 -32.5 87.7
Alfalfa 1,276 1,259.9 -16.1 98.7
Dry beans 217 194.2 -22.8 89.5
Rice 318 298.7 =19.3 93.9
Safflower 261 210.8 =50.2 80.8
Sugar beets 286 258.4 -27.6 90.3
Cotton 765 812.0 47.0 106.1
Total 6,019 5,369.0 -650.0 89.2

a/ Source: Appendix G.
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their actual 1961-65 total acreage. Reglonal shifts in production
are quite important in explaining the difference between actual and
optimal acreage of some crops, but intraregional shifts between soils
and climates are undoubtedly the more important for others,

The crop groups with the least relative difference between base
period actual and optimal acreage are alfalfa and lettuce. The optimsl
solution allocates both groups to just less than 99 percent of actual
acreage.

The model acreage of one crop, cotton, is actually higher than actual
acreage, In the 1961-65 period, a portion of the cotton production was
planted in g skip-row pattern, with higher yields being obtained than from
solid plant production. Marvin Hoover, University of California Extension
Cotton Specialist, estimates that ylelds in this period were about 10 per-
cent higher due to skip-row planting than they would have been from a
100 percent solid plant. Because only a solid plant activity is introduced
in the linear programming models, 1961-65 acreage would have been exceeded
by 10 percent 1f there were no relative shifts among soils or climates,

The most pronounced absolute decline in acreage between the base
period actual and model solution is in the small grains category, with
optimal acreage being 452,400 gores lower than actual.

The model acreage is higher than actual acresge in four of the regions
and lower in the remaining five, The most significant absolute differences
in regional acreage are in the Central Valley: the model acreage in
Region 5 (San Joaquin Delts) is more than 300,000 acres higher than actual
acreage, and the model acreage in Region 6 (San Joaquin Valley) is more
than one million acres lower than actual. However, relative differences
are most striking in two of the Coastal reglors: model acreage in Region 1
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(North Coast) is more than 500 percent higher than actual, and model
acreage in Region 3 (South Coast) accounts for only 33 percent of actual

base period acreage,
Regional Shifts -~ Individual Crop Harvested Acreage

Several very striking redistributions of the harvested acreage of

individual crops are manifest between 1961-65 actual and optimum regional

1/

to be made comparing the optimal to the actual patterns, it would be

locations.,~ Others are less pronounced, But if a general statement were
that regional shifts are the rule rather than across-the~board expansion
or contraction of acreage in all major regilons, The observations below
emphasize this point:
1, Safflower production shifts from the Central Valley
(Regions 4, 5 and 6) to the Desert (Region 7)., The largest
relative increase in a single regional crop acreage is
safflower acreage in Region 7, with 1961-65 optimal being
more than 200 times actual,
2, Asparagus acreage shifts from Regions 4 - 7, where the major
concentration was in the San Joaquin Delta (Region 5), to the
Central Coast (Region 2).
3. Sugar beet acreage is transferred from Regions 4, 5 and 7 to
Regions 2 and 3, while the acreage in Regions 6 and 8 expand

somewhat less,

1/ Appendix Tables G.,1 to G.4 give the regional breakdown of harvested
acreage by crop group:

Table G,1 == 1961-65 actual

Table G.2 ~- Model 1961-65 optimal

Table G,3 ~= optimal less actual

Table G.4 -- optimal as a percent of actual.
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10.

Major grain sorghum production in the base period was
actually in Regions 4 - 7, In the optimal solution, all
production is concentrated in Region 5,

Corn production shifts nortlward in the Central Valley from
Region 6 to Regions 4 and 5,

Optimal cotion acreage is higher in Region 7 and lower in
Region 6.

Dry bean production in the South Coast (Region 3) moves
northward to Region 2,

The only regions in which the small grain acreage increases

are Regions 5 and 9,

123,

Alfalfa acreage shifts northward completely out of Region 7 and

partially out of Region 6 into Regions 4 and 5 in the Central

Valley.
The dominant region for potato aocreage is Region 2 in the
optimal versus Region 6 in the actual pattern,

Tomato production in Regions 3 and 6 is moved to Region 2 while

the acreage in Regions 4 and 5 remains quite similer to actual.
The concentration of production in the major producing regions
is much greater in the optimal than in the actual pattern for

rice, melons, lettuce, and the cole crops.

Synopsis of the Model 1961-65 Primal Solution

According to the model solution, the total cost of producing 1961-65

average output can be reduced by using fewer land resources,
increase in irrigated acreage would be necessary to partially offset the
decrease in total land required.
optimal for all crops.

Extensive relocations are indicated for several:

However, an

Some regional shifts are estimated to be
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notably safflower, asparagus, sugar beets, alfalfa, and the feed grains.
Significant declines in total harvested crop acreage are estimated for
safflower, asparagus, and the small grains, The largest decline in
both regional irrigated and harvested crop acreage is in Region 6, and
the largest increase in both is in Reglon 5. Relative increases and
decreases are significant for other regions also, In summary, the
optimal production pattern is estimated to be quite different in all

respects from the actual base period pattern,

Tnsights from the LP Dual Solution

The economic implications of the dual solution to a linear
programming model are discussed in Chapter 2., In this cost minimization
model, the dual includes the mindmum total production cost, imputed
price for each product, and imputed rent to each resource in fixed supply.
Derived total product value and imputed price of each product are discussed
in this section.

Production of Base Period Output at Least Total Cost

Total imputed value of production may be ascertained in either of

two ways:

W = IPpX .
or

™W = TC + 'fvini, (7.2)
where

TV is total imputed product value,
TC is total nonland production cost,

Pj is imputed price of commodity j,

XJ is output of commodity Jj,

Vi is imputed rent to one unit of resource 1,

Ri is quantity of resource i required for production,
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It is 11lustrated here as the sum of total nonland costs and rents to

fixed resources:

Model solution Actual

($1,000,000)  ~(%1,000,000)
Total nonland costs 935.0 Not available
Total rents 87,4 Not available
Value of mroduction 1,022.4 1.133.31/

Imputed value of production is almost 10 percent lower than actual product

2/

Imputed and Actual Product Price

value in the base period,

In this model, the imputed product price is the marginal cost of
producing one more unit of each representative crop., If supply and demand
were in exact long-run perfectly competitive equilibrium, the imputed
Frice would be average market price,

Differences betwesn imputed and actual mroduct price may result as
the aggregate effect of a mumber of causes, For example:

1, Production is not optimally located;

2, Supply and demand are not in long-run equiliteium;

3. Perfect competition does not prevail;

4, Cost estimates used in the model do not accurately reflect

what farmers pay for resources,

5. The price vector is not uniform in all areas because of

the location of processing plants and commodity markets,

1/ Source: California Crop and Livestock Reporting Service [ 10, 14].

2/ With nonrepresentative crops in each crop group comverted to units
of the representative crop.
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All of these factors would have some effect on the relative difference

between imputed and actual price, but only the net is measurable in
this study.
Imputed 1961-65 prices are generally lower than actual average

1/

product prices™ for the same period (see Table 7,5), Of the

18 representative crops in the study, only five have an imputed price
higher than actual price.g/ Eleven have imputed values between 70 and
99 percent of actual, The imputed price of safflower and grain sorghum
are relatively the lowest at slightly more than 60 percent of actual,
The imputed price of summer lettuce is relatively the highest at

113 percent of actual.

The imputed price for potatoes is 1 percent higher than actual,
However, the imputed prices are for USDA No. 1l's only, while the actual
price is for the average of all potatoes marketed., If only USDA No, 1's
were included in the determination of actual price, it should be signi-
ficantly higher, and the imputed price would be relatively lower.

Cne action taken in this study as a direct result of differences
between Model 1961-65 imputed and 1961~65 actual prices was to add Model
1980C. This model was developed to force the relative imputed prices of
the feed grain groups -- barley, corn, and grain sorghum -- to equal
their relative feeding values.y In Model 1961-65, the imputed prices for
barley and corn compared favorably with their actual prices, but the

imputed price of grain sorghum was relatively much lower,

1/ Actual weighted 1961~65 price is estimated as average price at the
ferm or at the first delivery point [10, 14]; it does not include
government payments,

2/ The imputed prices average 88 percent of actual prices with an
average deviation of 15 percent,

3/ Additicral detail on the develomment of this model is given in
Chapters 6 and 8, and the results are discussed in detail in Chapter 8,



TABIE 7.5

Crop Price, Weighted Base Period Actual, and Model Imputed

Representative crop

Price

Actual 1961-65

a/

Model 1961-65 optimal

Asparagus
Broccoli
Lettuce:
spring & fall
summer
winter
Cantaloupes:
spring & fall
summer
Potatoes
Tomatoes, processing
Corn for grain
Barley
Grain sorghum
Alfalfa hay
Dry beans
Rice
Safflower
Sugar beets

Cotton

$/ton harvested

percent of

1961-65 actual

273.18 249.10 91
160.60 137.12 85
81.92 65.03 79
65.88 74,77 113
77.70 74.97 96
111,44 82,48 74
84.86 76.78 90
51.422/ 51.85¢/ 101
28.54 22.35 78
51.10 50,29 98
46.32 47.34 102
43,82 27.37 62
24.34 26.92 111
196.34 150,548/ 77
99, 06 81.25 82
84.77 51.64 61
11.66 12.55 108
$/bale harvested
164.00 127.75 78

g/ Does not include any government payments

b/ Average price of all potatoes marketed.

¢/ Imputed price of USDA No. 1's; imputed price per ton in Region 1

potatoes 1is $54.42.

d/ Imputed price per ton of Central Valley dry beans is $170.33.

127,
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If it can be assumed that the data used in the model are basically
accurate ard the model is adequate, the importance of this discussion
of imputed and actual prices is to point out those representative crops
which show the largest deviation from a long-run equilibrium of supply
and demand, It appears that excessive relative profits are enjoyed in
the current production of grain sorghum and safflower while net losses
are experienced in the production of summer lettuce, alfalfa hay, and
sugar beets.l/ While such a conclusion must be carefully qualified at
this point, it is relevant to point out such observations that additional
research may determine the reasons for the discrepancies, If it can be
shown that errors in the data used resulted in these differences, that is
one matter., But if that is not the primary factor, then it becomes of
economic (and possibly political) importance to find out which factors
are responsible for the apparent cost-price disequilibrium., How important
are barriers to entry, such as governmental allotments and contractual
agreements, in the production of some commodities? What role does imperfect
knowledge play? How extensive are misallocations of resources? What
effect do processing plant locations have on production location? Are
producers slow to adjust to a changing market condition? While definitive
answers concerning the relative importance of each of these possibilities
cannot be given by this study, the importance of raising relevant
questions as a byproduct of analysis 1s not minimized either.

1/ In the absence of government payments,
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Sunmary

In the introduction to this chapter, attention is given to the
primary reasons for including a 1961-65 model in this study. The
empirical discussion of this chapter has been developed exclusively
to meet the first purpose == a comparison of differences between the
real world and the linear programming solution for the base period,

The model solution suggests that the base period output might have been
produced optimally on fewer land resources and at considerable saving

to both producers and consumers, To do so, the acreage of irrigated
land would have to have been increased, and extensive regional production
shifts would have been necessary.

In the following chapter, a mumber of important insights are drawn
from a comparison of optimal solutlons between the two time pericds,
This was the second stated purpose for the base period model. Other
insights are gained through a comparison of the 1980 model solutions

with each other and the actual base period parameters,
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CHAPTER VIII
OPTIMUM LOCATION PATTERNS, 1980

This chapter is divided into four parts for the purpose of
discussing the results of the 1980 models, The first section is devoted
to a brief review of the alternative 1980 models. Secondly, the results
of the mrimary 1980 models (i.e., Models 1980A and 1980B) are highlighted.
A detajled discussion of regional production shifts and changes in product
prices indicated by these models is bypassed in favor of focusing
attention on the results of Model 19800.y The results of Model 1980C
appear to be more realistic as to the feed grain production pattern than
those of the primary models, Therefore, in the third section, the
detailed results of Model 1980C are presented. Two additional issues,
discussed in the fourth section as extensions to Model 1980D, are:

1. Demand for water at the farm level on the west side of the

San Joaquin Valley with consequent implications to the
California Water Project pricing policy, amd
2, The effects of retaining the existing cotton allotment

program (to include the findings in Model 1980D).

2
Brief Sketch of Alternative 1980 HodelaJ

The per acre cost ard yield estimates are the same in all four 1980
models, Depending on the crop, the yield parameters range from 11 to 60
percent higher than in Model 1961-65. Nonlard production cost parameters

1/ Copies of the optimal oropping pattern ard imputed product prices
for any of the other models may be obtained from the writer.

2/ The structure of the various models was summarirzed also in Table 2.1.
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are more than 23 percent higher than the base period estimates.

The irrigated acreage restraints are the same in all models.
Although the land and rotation restraints do not vary between the
1980 models, they are lower than in the base period.

California output restraints are different in each of the models.
Production levels of every crop are projected to be higher in each of
the 1980 models than in the base period. In Model 1980A, minimum
California output of each crop is projected to be the same share of U.S,
output as in the base period., In Model 1980B, recent trends in the share
supplied by California are used in projecting the 1980 California share
of national production., Output restraints are the same in Model 1980C
as in Model 1980B, However, an additionsl restraint is added to force
selection of a least cost feed graln mix to meet aggregate feed grain
output, This is in contrast to the previous medels which specify a
minimum output requirement for each feed grain. In Model 1980D, output
restraints are the same as in Model 1980C, except for cotton and safflower.
The cotton output restraint is the same as in Model 1980A, and the safflower
restraint is higher than in any previous model. The final difference
between Model 1980D and the other models is the imposition of a regional
cotton allotment restraint in Model 1980D,

Highlights of the Primary 1980 Models
Between 1965 and 1980 nearly one million additional acres will be

required for nonagricultural and excluded crop uses., The results from
Models 1980A and 1980B indicate excess productive capacity in California
although output levels for 1980 exceed those for the base period

(see Table 8,1),
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Production of Base Period Shsre of 1980 U.S. Output (Model 19804)

Acreage comparison, California has the productive capacity to

produce its base perlod share of projected national field crop and
vegetable output in 1980 and still have considerable reserves of potential
agricultural land remaining idle, However, more inputs of all resources
would be needed than were required in the base period model sclution.
Land requirements for study ocrops are 7 percent higher, and irrigated
acreage requirements for all crops are 6 percent higher, In comparison
with the resources actually used in the base period, 7 percent less lard
for study crops and 11 percent more total irrigated land would be needed,
Potential agricultural land remaining idley is estimated to be 8 percent
lower than the base period actual and 18 percent lower than base period
optimal, Although study crop lard requirements in the Model 1980A
solution are 7 percent lower than base period actual, harvested acreage
of the study crops 1s only 5 percent lower because of a larger proportion
of double cropped acreage in the 1980 model solution. The proportion of
double cropped acreage is approximately the same in the model solutions
of both time perlods,

An interesting observation concerns the regional distribution of
study crop harvested acreage in the two model solutions, In eight of the
nine regions (Region 4 being the only exception), optimal crop acreage
in the Model 1980A solution more closely approximates actual 1961-65
acreage than does that in the Model 1961-65 solution. While no explanation
of this fact is mroffered, it is of interest that the net effect of
increasing costs and yields and changing demand between time periods would

1/ Assumes that pasture and nonslfalfa hay acreage remains at the
1961-65 level,
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be to partially offset the difference between the model solutlion and the
actual pattern in the base perioed,
1
Imputed value, Imputed total product value'/is 25 percent higher

than 1961-65 actual and 39 percent higher than the imputed value from the
1961-65 model., Similarly, nonland production costs are 36 percent higher
than the base period model suggests, and imputed rents to fixed resources
are 62 percent higher than the optimal solution in the base period model,
In general terms, it may be observed that it is possible to have
either a larger or smaller relative increase in rents than the relative
increase in product value when the supply and demand ourves shift. This
is illustrated in Figure 8,1 for two time periods for a case of a stepped
supply curve and an inelastic demand curve, With a 40 percent increase
in quantity demanded (Q; to Qp,) and a doubling of unit costs, rents are
increased relatively more than the increase in value of production, With
a 60 percent increase in quantity demanded (Ql to Qu), rents increase
relatively less than the increase in value of production., There is some
point, but only one point, between these extremes in demand at which product
value, nonlard costs, ard rents to fixed rescurces all increase proportion-
ately. With a set of supply curves for multiple crops that do not have
equal step increments and do not change proportionately between time periods,
it is reasonable to expect that the individual components of the value of
production will change nonproportionately also,
In this study, imputed rents increase relatively more than does
value of production between the base period optimum and each of the
1980 models, In fact, the increase in relative rents is substantially

1/ In representative crop units,
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FIGURE 8.1

Hypothetical Single Commodity Step Supply Curves and Inelastic Demand
Curves in Two Time Periods Between Which Unit Costs Double and
Quantity Demanded Increases Alternatively
40 Percent and 60 Percent

Iime Period 2

$/Q
Dya Doy
{
Time Period 1 2
== = =2 8la e - ——_—— {
D 71 l
$/Q 1 '
6 ot H
|
5 o P Sl 5 B .
1 ]
3 L- ————— r.d 3 o l
2 — ﬁ 2 |_J
1 Q 1 -
;lnllQll-d.Q .l.lnl%hbq
2 4 6 2 4 6 8
TR1 = 15 TR2a = 56 TRZa/TR1 = 3,73 TRZb = 64 TRZb/TRl = 4,27
¢, = 9 1IC, =32 'rczﬁ/'rc1 =3.56 TC,, =40 '1'02bl'rc1 = 4,44
R, = 6 R,, = 24 R2a/ R, = 4.00 R,, = 264 RZb/ R, = 4.00
where
si is supply curve (or marginal cost curve) in time period i,
Dij is demand curve in time period i and alternative j,
Pi is equilibrium price in time period {i,

Q is equilibrium quantity in time period i with demand curve j,
TR is total value of production (PQ) in time period i with demand curve j,

TC, , is variable production cost (area under supply curve) in time period i
with demand curve j,

R,, is rent to fixed resources (or producer surplus) in time period i with
demand curve j.
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greater than that of product value in all cases, Therefore, there is
some Justiflecation for inferring that optimum capitalized land value

for agrioulture will likely increase proportionately more than value

of farm production between the base period and 1980.1"/

Production of Share of U.S. Output Projected by Recent Trends LModei -19_80B2

The only differences between the structure of Model 1980A and
Model 1980B are in the output restraints., The relative difference is
the greatest for cotton and safflower, with the output of each in Model
1980B exceeding that in Model 1980A by more than 25 percent. The output
of sugar beets, tomatoes, and cole crops is also higher while the output
of alfalfa, dry beans, and each feed grain is lower,

Acreage comparison., In response to one of the questions raised in

Chapter 1, California has more than encugh agricultural capacity to
produce its projected share of 1980 U.S5, output. More inputs of all
resources would be required than were needed in the base period model
solution. Land requirements for study crops are 11 percent higher ard
irrigated acreage requirements for all crops are 9 percent higher, In
compaerison with the base period actual requirements, 4 percent less land
for study crops and 14 percent more total irrigated land would be needed,
Potential agricultural land remaining idle is estimated to be 11 percent
lower than the base period actual and 2] percent lower than the base
period optimal,

The reduction in idle land reserves from the actual base perlod levels
is due entirely to additional demands for land in the nonagricultural amd
excluded corop sectors. Although Model 1980B output projections of field

1/ If the interest rate on alternative investments does not increase
between these time perlods,
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crops and vegetables are considerably higher than the base period levels,
it is possible to produce this increased output on fewer acres than
actually used in the base periocd., To do so, however, yleld levels must
also inoresase, more land would have to be irrigated, two crops a year
would have to be produced on a larger proportion of the acreages, and
farmers would have to adjust their cropping mractices to optimal production
patterns.

Imputed value, Imputed total product value is 35 percent higher

than base period actual and 49 percent higher than the imputed value from
the 1961-65 model. Similarly, nonland production costs are 48 percent
higher than the base period model suggests, and imputed rents to fixed
resources are assessed at a 64 percent higher level than the optimal
solution in the base period.

Best 1980 Projections

At the inception of this study, only two 1980 models, possessing
alternative demand assumptions, were planned. However, an unrealistic
relationship was obtained between the relative feeding value of corn and

1/

grain sorghum and their imputed prices in Models 1961-65, 1980A, and 1980B,

1/ There was a significant disparity also between relative imputed
arnd actual base period feed grain prices, although prices in the past
decade have not correlated closely with scientifically estimated
feeding values, Of the 20 anmual mrice ratios of barley and grain
sorghum to corn in this period, all but three have been lower than
relative feeding value for major types of livestock and poultry,
This observation is true when feeding value is computed as net energy
only and also when digestible protein is assessed, The cause for this
disparity has been attributed by some university specialists to old
wives! tales, lower quality of sorghum inshipments, and feeder inflexi-~
bilities, However, it is assumed in this model that full adjustment
to least cost feeding ratioms will be made by 1980 such that prices
paid by feeders will reflect the true feeding value in net energy
equivalents of the alternatives,
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In addition, the imputed prices of corn and barley in Models 1980A amd

1980B were not in agreement with their relative feeding values, Because
of this disparity, Model 1980C was developed. Yields of barley ard
grain sorghum activities are converted to equivalent feeding units of
corn, arnd Model 1980B output restraints for individusl feed grains are

1/

parameters remain at Model 1980B levels.

replaced with a single restraint.™ All other output restraints and

The assumptions underlying Model 1980C seem to be the most realistic,
in the absence of govermmental programs, of the 1980 models, It seems
reasonable that by 1980 the share of U,5, output supplied by California
would be different from the base periocd and that feeders should adjust
their rations to a least cost mix., Therefore, the Model 1980C solution
will be presented in detall in this chapter,

To facilltate the orderly presentation of these results, this
section is divided into six subsections, In the first three, the major
insights apparent from the primal solution are discussed: land use, irri-
gated acreage requirements, and harvested crop acreage in that order. These
insights are summarized in the fourth subsection. In the fifth, attention
is focused on the dual solution. And the sixth is concerned with the sensiti-
vity of the optimal solution to errors in psrameter estimation.,

Land Use Pattern

Land units required to produce Model 1980C output amount to
5,148,400 acres, as shown in Table 8,1. This is only 12,400 acres more
than optimal acreage in Model 1961-65 and is the lowest of the 1980 models,

being more than 1/2 million acres less than Model 1980B requirements.

1/ Detail on the development of this restraint is given in Chapter 6.
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The minimum cost feed graln mix, which is comprised of 38 percent small
grains,ljéz percent grain sorghum, and no corn, is produced almost
exclusively in barley-grain sorghum double crop activities, An additional
652,200 acres of the double crop activity displaces 1,118,600 acres of
single cropped irrigated barley, 9,000 acres of fallowed barley, and
141,300 acres of corn in the Model 1980B solution.

Because of additional nonagricultural and excluded crop land
requirements between the base period and 1980, idle land is projected by
Model 1980C to be more than 900,000 acres less than in the base period
optimal, However, projected idle land in Model 1980C is only about
140,000 acres less than actual idle land in the base period.

Regional study crop acreage reguirements. Some production of study

crops is projected by this model in all reglons (see Table 8.2)., The

acreage in Region 6 is projected to be higher than it is in the base period
optimal solution, In all other regions, a net decline in optimal acreage

is anticipated. While the difference in the feed grain mix, with the
consequent move to more double cropping in the Central Valley, is responsible
for part of this reglonal realigmment, the relative shifits between the
optimal base period and Model 1980B solutlions were almost as great.

Reglonal adjustments both in individual and total crop acreage are the net
result of the entire complex of urban expansion, increased excluded crop
acreage requirements, and a changing demand structure for the study crops.

Soil categories required for crop activities. From Table 8.3 it is

observed that production is concentrated almost entirely on alluvial and

basin soils, The only soil group entirely used for production is soil 11

1/ Oats and barley in units of barley, the representative crop.
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Study Crop Land Use by Regilon in Base Period, Estimated Model 1980C Requirements
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Crop activity Coantal Central \ﬁ%:mn Desert Mountain al
1 2 I 3 A 5 3 7 o 5 State
1,000 acres
Vepetable crops: ' I |
Asparagus 40.8 0 0! 0 0 0 - o 40.8
Broccoli (single crop) a a 0 0, 4] 11,6 a! & 1.6
i
Broccoll 'Ed::;{fzrg‘;*"s 0] 4.7 ) 0 lt 0 0 of o 0 41,7
Lettuce, fall or mpring 0 0 0 0 . 0 o o g o 0
{(single crop) i , . )
Lectuce, fall & gpring 0 0 i 0 o I 0 0 0. o i 0 o
{double crop) ! J
Lettuce, fall or apring & o 0 o 0 ! 0 0 a o 0 0
summer {(double crop) I I . I
Lettuce, summer 0 8.4 o o o o o o i} 38.4
(single crop) i :
L‘z;::’;;; :;2;‘)" 0 0 l 0 0 0 o 21.9 ' 0 0 21.9
! Cantaloupes, fall or spring (1] : 0 i 0 0 0 14.0; 0 0 14.0
{ Cantaloupes, summer 0 0 0 ] 0 40,9 0: 0 0 40,9
Potatoes 0 28.0 0! 0 36.0 14.5 0! 0 14.3 92.8
Tomatoes, processing 0 o: s7.2| 110.0 0 0i a 0 107.2
Flelid crops: I
Corn 1] , g ¢} 0 o} ! 3
Barley (fallow) 0 26.0 0! o 0 0 o * 26.0
Barley (nonirrigated) 0 o] 0 0' i 0 4}
darley (irrigated, single 0 0 0 0 0 0 0 0| 16.7 | el 7
crop) ] | ! .
“‘:{:iigit;‘;‘:‘go’;z:g“:i‘op) 0 4.0 o| 249.0| 314.0] 335.8 0 0 8! 9u3.L
Grailn sorghuw (single crop) 0 0 0 0 0 i} 0 0 ] . 0
Alfalta hay 24,0 16.0 ] 207.8 340.0 267.0 aQ 81.3 : 295.0 ; 1,294.1
Dry beans 0 60.7 | 21.0 0 49.0 62.2 ] 0 0! 192.9
Rice 0 0 o z268.4 0 0 0 0 : o' 208.4
Safflower 0 0 0 0 o| 271.6| z40.0 0 : 31 sit.e
Sugar beets 0 111.0 32.0 0 5.0 1244 0 36,0 0 311.4
Cotton 0 0 0 0 0 954.3 202.0 0 0 . 1,156.3
ol lomac i iiedas 26,0 | 366.7 | 53.0| 83.0| wuss.0}2,082.4| 477.9(119.4 | 227.0 ¢ s5,148.4
';:;ﬁg::ldl?ggay 172 546|615 570 soz 3,094 1,062 |3z23 7 7,757
| Nov model acreage aval)- 196 913 Js4es  [1,713 {1,357 |[s,176 |1,560 |4s2 [1,006 [12,905

a/ Computed fram unrounded data.
3/ Includea acreage used for pasture and

</ All figures except total are computed from unrounded data.

nonalfslfa hay.

Total is from Appendix Table B.2.



TABLE 8.3

Total Land Use for Study Crops by Soil Category,
Estimated Model 1980C Requirements
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Net model Total land Residual
Soil acreage utilized by land
Soil type available, study crops, ’
number y projected
projec;ed Model 198 1980 o/
1980 & optimal 2 £
* 1,000 acres
Alluvial:
Loam 0l 1,377 981 396
Loam 02 956 834 122
Loam 03 2,384 7174 1,610
Sandy 05 380 266 114
Subtotal 5,097 2,855 2,242
Basin:
Organic 11 319 319 0
Clay 12 1,913 1,458 455
Clay with salts 13 479 247 232
Basin rim 14 301 119 182
Basin rim with salts 15 788 127 661
Subtotal 3,800 2,270 1,530
Terrace:
Loam 21 1,108 23 1,085
Clay 22 447 0 447
Claypan 23 884 0 884
Hardpan 24 1,575 0 1,575
Subtotal 4,014 23 3,991
State total 12,905 5,148 7,757

a/ Equal to total inventoried acreage less urban, extra-urban, semiagricul-
All figures except

tural, and orchard and excluded vegetable crops.

total are computed from unrounded data.

b/ Refer to Appendix Table G.ll for detail.

¢/ Includes the acreage to be used for pasture and nonalfalfa hay.
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(organic soils), All of the valley floor acreage (soils 01-15) in the
Central Valley from Merced County north and virtually all of the irrigable
acreage in these soll groups in the Central Coast enters the solution.y

A considerable acreage of saline-alkaline soil (including all of
soils 13 and 15 in the Central Valley from Merced County north) is
projected for reclamation, but very little production is projected for
terrace soils, In fact, the only crop activity on a terrace soil is
23,000 acres of sugar beets on soll 2] in the Central Coast. Apparently
the estimated anrmual cost per unit of output is less to reclaim certain
saline and alkalline solls for production than to irrigate with sprinklers
on the sloping terraces., There are enough cheaper alternatives in the
relevant section of the supply function to prevent any greater expansion
on terrace soils in any of the models,

HPA lard requirements, Of the 95 HPAs delineated in the early

stages of this study, orop activities are optimally located in 57 of them.
Because supplementary restraints are imposed on the maxirum acreage of
individual crops or total irrigated acreage in a given HPA, there are
considerably more than 57 HPA crop activities in the solution. Actually
there are 122 elements in the optimal baslis, which includes acreage in

18 of the 24 different crop activities, The acreage of a crop activity

is limited in 3 instances by irrigated acreage restraints, in 69 by
rotation restraints, in 32 by net model acreage restraints, and the limiting
restraint for 18 others is minimum crop output., The Model 1980C study
crop activity acreage in each HPA is recorded in Apperdix Table G.12
together with an identification of the variable which restricts production

in each case,

1/ Refer to Appendix Table G,11 for the Model 1980C distribution of
included crop activities by soil category.
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Irrigated Acreage Reguired
A1l but 20,000 acres in the Model 1980C optimal basis are irrigated

production activities, Irrigated acreage requirements for all crops

are 7 percent higher than estimated base period acreage actually
irrigated (see Table 8.4)., They are only 2 percent higher than the base
period optimal irrigated acreage and 6 percent lower than the optimum
estimated by Model 1980B.

The only regional change from the base period actual which is in
g different directlion than that of the base periocd model solution is
in Region 7. Total irrigated acreage in this region is projected to
be 6 percent lower than base period actual rather than being higher as is
the base period optimal solution., Region 8 shows the largest relative
increase over the base period actual in this model as well as in Model
1961-65, The largest absolute acreage increases are in Regions 4 amd 5,
with almost equal changes in both.

The projected regional changes in total irrigated acreage are quite
different when the comparison is between Model 1980C and the base period
optimum, The largest relative increase between the two optima is in
Region 6., A slight increase is projected also in Region 3, In all other
regions, however, the change in optimal lrrigated acreage is dowrward,
Harvested Crop Acreage

Optimal 1980D acreage of model crops harvested is 5,827,800 acres,
While total land required for these crops in 1980 is projected to be very
similar to the 1961-65 optimal, harvested crop acreage is 458,700 acres
higher, This is an 8.5 percent increase, However, it is still 191,200
acres, or 3.2 percent, less than actual 1961-65 crop acreage. A similar
contrast to that of the 1961-65 optimum is observed when Model 1980C is
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compared with the Model 1980B optimum, Total land required is more than
1/2 million acres less in Model 1980C, but the difference in harvested
crop acreage is less than 100,000 acres, The shift to much more double
cropping of feed grains in Model 1980C is responsible for the increased
disparity between relative total land and harvested orop acreage.

Major changes in crop acreage. As indicated in Table 8.5, the
largest relative increase in the harvested acreage of any crop group
between 1961-65 actual and Model 1980C is for sorghum, where acreage
increases almost 190 percent, The aoreage of safflower increases
96 percent and of cotton, 51 percent. For each of these crops, the
1980 output is significantly higher than the base period output. Four
other crop acreage increases ocour, each being less than 12 percent.
Decreases include corn, 100 percent (no corn is projected for production
by this model); small grains, 58 percent (due to a lower projected output
and extensive conversion from dry land to irrigated production); asparagus,
32 percent (resulting from higher yields in the new production locations);
ard melons, 25 percent (output in both periods is similar, yields are
higher in 19680, and there is a shift to the highest ylelding HPA in the
1980 solution). Four other crop acreage decreases are within 16 percent
of original acreage.

Harvested acreage of small grains shows the greatest absolute decrease of
more than 1 milljon acres, A significant reduction in acreage is also
noted for corn of 180,000 and for rice of almost 50,000 (rice yield
estimates in 1980 are 35 percent higher than in the base periocd, ard
output in 1980 is only 22 percent higher), Increases in absolute, as well
as relative, terms are the greatest for sorghum, cotton, and safflower --

all of which increase more than 250,000 acres,
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In comparison also with Model 1961-65 crop acreage, the largest
relative and absolute inoreases in Model 1980C crop acreage are for
sorghum, cotton, and safflower, Decreases in both relative and absolute
terms are most significant for small grains and corn.

The relative difference between Model 1980C crop acreage and 1961-65
actual is greater than the difference between Model 1980C and 1961-65
optimal for six ¢rops, the same for one, and less for eight.

The acreage change by moving from 1961-65 actual to optimal
locations is greater than the change between Models 1961-65 and 1980C
for only five crops, For ten crop groups, the effect of structural changes
in yield, cost, and demand between the two time periods is more important
than shifting production to optimal locations in the base period,

Regional shifts -- total harvested acreage. Major regional acreage

changes from 1961-65 actual include relative increases of 300 percent
in Region 1 and 107 percent in Region 9 and decreases of 76 percent in
Region 3 and 52 percent in Region 8, as recorded in Table 8.6. In absolute
terms the largest increases are 269,800 acres in Region 5 and 169,000 in
Region 9. The largest decrease is 340,200 acres in Region 6. Other regions
with sizeable decreases include 3, 7 and 8,

When compared with the 1961-65 optimal, the largest relative change
1s a 40 percent increase in Region 6 acreage. The only other region with
a projected increase in Reglon 4, Declines are greatest in Regions 1, 3
and 8 with 31, 26 and 28 percent decreases respectively. The impact on
total regional acreage of moving from actual to optimal base period
locations is greater than the impact of structural changes between the

two dates in 7 of the 9 reglons,
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Regional shifts -—- individual crop harvested acreage, Several

major shifts in the regionmal distribution of individual crops are noted

1l
between the 1961-~65 optimal and the Model 1980C solution:

1.

3.

Grain sorghum production is expanded mainly in Regions 4 and
6, from which mroduction was originally shifted to Region 5 in
the base period model solution, It is interesting to note in
Table G.7 that as output expands, sorghum acreage in Regions
4, 5, and 6 increases almost proportionately from the actual
base period acreeage.

Some of the bean production returns to Region 3 such that the
1980C optimal pattern is similar to the base period actual.
The only exception is that there is no 1980C production in
Reglon &,

The major increase in safflower acreage is in Region 6,
Approximately 53 percent of the base period actual acreage

was in Region 6. Region 6 has this same share of optimal 1980C
acreage, but had none in the base period optimal. The acreage
that shifted from Regions 4 and 5 in the base period actual to
Region 7 in the base period optimal remains there in the 1980C
optimal.

I/ Apperdix Tables G.5 to G.9 record absolute and relstive acreage
comparisons of regional harvested acreage by crop group belween
Model 1980C optimal and 1961-65 actual and optimal patterus:

Table G,5 =~ 1980C optimal,

Table G,6 == 1980C optimal less 1961-65 actual,

Table G,7 == 1980C optimal as a percent of 1961-65
actual,

Table G.8 =~ 1980C less 1961-65 optimal,

Table G,9 -- 1980C as a percent of 1961-65 optimal.
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7o

9.

10.
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Some sugar beet production shifts from Region 3, a small
acreage returns to Region 5, and expansion of 1961-65 optimal
aoreage occurs in Regions 2, 6, and 8,

Approximately 15 percent of the State's optimal base period
alfalfa acreage shifts from the Central Valley to the mountain
valleys (particularly to Region 9).

Major declines in small grain acreage ococur in Regions 6-9,
The only region with a projected increase in optimal acreage
is Region &,

All expansion of cotton acreage takes place in Region 6,

but the 1980C regional distribution is stil]l more heavily
welghted to Region 7 than is actual base period acreage,

While more than 40 percent of tomato acreage in the 1961-65
optimal solution was in Region 2, it is concentrated entirely
in Regions 4 and 5 in 1980,

Approximately half of Region 2's optimal base period potato
acreage shifts to Region 5, giving the latter the largest share
of the total in 1980,

Little or no regional realigment of optimal acreage is

projected with rice, asparagus, lettuce, or melon production,

Synopsis of the Model 1980C Primal Solution

The combined effect of shifting production from nonoptimal base

period to optimal Model 1980C locations, increasing the relative use

of irrigation in production, and harvesting two crops from a larger

proportion of acres more than offsets the greater requirements for land

resources due to increased demand, Included crop land requirements in

Model 1980C are considerably lower than actual requirements in the base
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period, While Model 1980C land and irrigated acreage requirements are
the lowest of the 1980 models, the land requirements in all of the 1980
models are lower than actual requirements in the base period.

Harvested study crop acreage in Model 1980C, although higher than
the base period optimal, is lower than actual acreage in the base period
ard optimal acreage in Model 1980B. The Model 1980C regional distribution
of crop acreage is quite different from the actual base period distri-
bution., Actually, significant contrasts also can be observed between the
1980C solution ard any of the other model solutions,

In the following part of this section, the imputed product value
and rents to fixed resources as obtained from Model 1980C will be
presented,

Insights from the Model 1980C Dual Solution

The imputed value of Model 1980C output is nearly $1.5 billion,

This figure is 32 percent higher than the actual value of base period
output and 46 percent higher than the imputed value of Model 1961-65
production. The increase in imputed product value over the base period

is due to 1) generally higher unit costs, 2) higher output requirements,
and 3) less land available in 1980 in HPAs on which production was
allocated by the base period model, Nonland production costs are 45 per-
cent higher than suggested by Model 1961-65, and imputed rents are 63 per-
cent higher (see Table 8.1).

Least cost feed grain mix, Cutput requirements and all other
paramete.rs in Model 1980C are exactly the same as in Model 1980B, The
only difference between the two models is the addition of a feed grain
restraint which requires that the model select the least cost mix of
individual feed grains to satisfy the aggregate 1980B feed grain net

energy requirement.
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The Model 1980C imputed value of production of all study crops
is approximately $28 million lower than the Model 1980B imputed value.
Shifting from a 1980 feed grain mix in which the percentage of individual
feed grains in the mix remains the same as during the base period to a
least cost mix results in a saving of 2 percent in imputed value of study
crop production. In a perfectly competitive system, this net saving would
be passed on to consumers,

In Model 1980B, the imputed produot value of all feed grains
amounts to $173.5 million. The imputed value in Model 1980C is $31 million
less, This relative saving in imputed feed grain product value over Model
1980B rations amounts to 18 percent, If production occurs under perfect
competition, this is the saving that would be passed on to the feeding
irﬁustry.y A considerable improvement in production efficiency could
thereby be obtained by moving to the optimum product mix in this erop
group alone,

The fact that the imputed saving in the production of feed grains
is greater than total imputed saving of all crops implies that the market
value of some other crops will be higher under conditlons of optimum
location Af the least cost feed grain mix is produced. The only crops
for which imputed prices in Model 1980C are higher than in Model 1980B
are alfalfa hay ard rice,

1/ California is a deficit region in the supply of feed grains
(i.0., demand has historically exceeded production within the State).
This situation is projected to contimue to 1980, so that feed grains
will still be shipped into California., Hence, i1f the imputed value
of feed grains produced in the State is lower than the cost of feed
grains shipped in, under equilibrium conditions ths production of
these crops would be increased within California, and inshipments
would be decreased.
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Imputed value of restricting Variables. The imputed value of a
variable is interpreted as the decrease (or, if negative, the increase)

in cost that would occur if the restraint level were increased by one
unit. The imputed value of varinble; f;t n; roéi‘.ricting levels is gzero,
The dual value for resources is imputed rent, and for minimum output
restraints it is the marginal cost of mroducing ¢ne more unit of that
product, The restriocting variable to the production of a crop activity
in the basis is recorded along with its imputed value in Appendix

Table G.12,

The highest imputed rent to an additional acre of land is $61.25
in the Central Coast HPA 0122, Other lard rents are all less than $50
per acre, Enough water to irrigate one additional acre of land would be
worth $40,83 in the Central Coast HPA 0222 and $26.64 in HPA 0224,

Rotation restraints, which 1imit the acreage that can be planted
to a particular crop activity in any HPA, are specified in all models,
However, it is possible to reduce the extent to which rotations are
required in the production of most crops through good management, weed
and pest control, proper fertiligation, eto. Hence, the imputed rent to
a rotation restraint may be interpreted as the dollar amount which could
be spent on nonland resources in order for one more acre of that crop
activity to be planted in the HPA, An additional $87,69 could be spent
on nonland resources to relax by one acre the rotation restraint for
cotton in the Desert HPA 0372. Similarly, $73.69 in HPA 0572, $61.00 in
the San Joaquin Valley HPA 1362, $60,00 in HPA 1262, or $30 to $40 in
several other areas could be spent on alternative rescurces to relax the
cotton rotation restraint by one acre. The only other crops for which an
additional acre in the rotation restraint is worth more than $20 are

sugar beets, dry beans, and alfalfa hay in very few HPAs.
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Model 1980C representative arop imputed prices (or the marginal
costs of production expressed as positive values) average 4 percent lower
than actual 1961-65 prices and 10 percent higher than imputed 1961-65
prices (see Table 8,7). The average deviation of 1980C imputed prices
as a percent of base period actual is 19 percent, This is a wider
relative deviation than that of the base period imputed prices with
respect to actual. In addition, the average deviation of 1980C prices
as a percent of base period imputed is lower at 11 percent. There are
at least two obvious implications of the relative magnitude of these
deviations:

1. The impact on the relative product price vector is due

less to changing cost, yleld, and output parameters between
the two time periocds than to the net effect of: 1) higher
price-cost ratios in the base period for some arops than for
others, 2) the possibllity for decreasing costs by moving to
optimal locations, and 3) having some budgets which are less
representative of actual costs than others,

2, The changing perameters between time periods do not offset

any of the relative price deviation obtained by moving from
actual to optimal production locations in the base period,

The 1980Cimputed prices which are the largest relative to 1961-65
actual prices are for sumer lettuce (+31 percent), alfalfa hay (+24 per-..
cent), and sugar beets (+24 percent), The lowest relative to the base
period actual are for safflower (-34 percent), barley (-28 percent),
tomatoes (=26 percent), and corn (=24 percent), The highest 1980C prices
relative to 1961-65 imputed prices are for grain sorghum (+26 percent),

asparagus (+21 percent), dry beans (421 percent), and cotton (+20 pesrcent).
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TABLE 8.7
Crop Price, Model 1980C Imputed
Representative crop ’fﬁﬂﬁieﬁgggfce iSE‘ifEE 2ctua1®/ Model 1961-65
$/ton harvested percent

Asparagus 302,22 111 121
Broccoli 146.47 91 107
Lettuce:

spring & fall 76.90 9% 118

summer 86.26 131 115

winter 85.38 110 114
Cantaloupes:

spring & fall 97.06 87 118

summer 90.84 107 118
Potatoes 58,45/ 1148/ 113
Tomatoes, processing 21.26 74 95
Corn for grain 38. 99/ 76 78
Barley 33,479/ 72 71
Grain sorghum 34.55Q/ 79 126
Alfalfa hay 30.17 124 112
Dry beans 181,972/ 93 121
Rice 78.07 79 96
Safflower 55.81 66 108
Sugar beets 14,48 124 115

$/bale harvested

Cotton 152.92 93 120

a/ 1961-65 actual price does not include any government payments.

b/ Imputed price of USDA No. 1's; imputed price per ton of Region 1 potatoes
is $60.77.

¢/ No corn activities entered the optimal basis. The imputed cost of produc-
ing a ton of corn is $3.00 more than producing a ton equivalent of barley
or grain sorghum.

d/ Estimated from imputed price of feed grains which is $35.99. Imputed
price of barley is 93 percent of feed grain price, and grain sorghum is
96 percent.

e/ Imputed price per ton of Central Valley dry beans is $195.12.

£/ 1961-65 actual potato price is the average for all potatoes marketed.
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The lowest are for barley (~29 percent) and corn (-22 percent), Each

of these crops whose 1980 to 1961-65 imputed price ratio is at one of

the extemes either has a very low 1980 yield relative to the base period,
or it is a feed grain crop and is affected by the minimum cost feed grain
restraint in Model 1980C.

Sensitivity of Solution to Errors in Psrameter Estimation

To indicate the sensitivity of the optimal solution to possible
data errors, three observations are offered in the paragraphs below.

There are 122 activities in the basis, The basis will change if
the real cost per unit in any one of a subset of 30 activities is under-
estimated relative to all others by only 1 percent. In a second mutually
exclusive subset of 18, urderestimation of between 1 and 2 percent would
cause an incorrect solution; in another of 31, 2-5 percent, in a fourth
of 27, 5-10 percent, and in 16 the underestimation would have to be greater
than 10 percent., Some of the changes so prompted in the basis would amount
to only a few acres of a crop shifting location and others to more than
10,000 acres changing. No summarization has been made of the effect of
data errors in the nonbasic activities, but they appear generally to be
somewhat less sensitlive to overestimation of unit cost than the basic
activities are to underestimation. Some changes would also occur if unit
costs of the basic activities are overestimated, but these are less
important than underestimation in that group.

The second point deals with the parametric programming of certain
water costs in the following section. The solution changes when the water
cost is reduced as 1ittle as $2 per acre foot in HPAs 0362 and 0363.

But all of the idle land in these areas does not optimally come into
production until water prices are lowered $12 per aocre foot (or more than

60 percent from original prices).
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Finally, solutions were obtained for two additional models to
obtain a rough ldea of the supply function for feed grains in California.
The only difference in the structure of these models from Model 1980C
is in the feed grain output level. In one model the restraint is
lowered 25 percent and in the other it is raised 25 percent, The imputed
price of feed grains in corn ton equivalents is $35.94% in the first and
$36.55 in the latter as compared to $35.99 in Model 1980C, When output
is decreased 25 pe;cent, imputed price decreases‘only .14 percent; when
increased 25 percent, imputed price increases 1.55 percent. The only
other crops for which the imputed price varies between models are alfalfa
(~,07 percent in the former and +.07 percent in the latter) and rice
(+.81 percent in the latter),

It is concluded from the alternative feed grain output models that
the supply function for feed grains is extremely elastic with respect to
price with very minor cross effects on the supply of other crops. It may
also be concluded that the Model 1980C locatlion pattern of feed grain
production within the State may be altered considerably with little impact
on total production costs,

No genersl comment can be made concerning the sensitivity of the
production pattern to possible data errors. The solutlon is sensitive
to extremely minor data errors in some elements amd insenslitive to sizable
errors in some others, The direction of the error, as well as its
magnitude, is important.

In this entire past section, attentlon has been focused on the
firdings of Model 1980C, The projections of this model have been referred

to as the 'best" of the 1980 models in the absence of goverrmental programs,
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The remaining sections of this chapter will be devoted to a disocussion
of two extensions of this model:
1. In the first extension, a demard function for water
on the west side of the San Joaquin Valley is derived,
2, In the second, the extent of resource misallocation
from contimuing the current cotton allotment programs is

suggested,

Westside San Joaquin Valley Water Pricing

Relevance of the Parametric Pricing Problem
Not all alluvial soil in the San Joaquin Valley enters the optimal

solution of the base period or 1980 models, Because of high water costs
on the Westside, only a portion of the acreage in HPAs 0362 and 0363 is
used for production in any of them, Cotton and melons are produced in
HPA 0362 in all four models amd cotton in HPA 0363 in Models 1980B and
1980C. In the past, the Westside area has been only partially irrigated
by deep wells which are steadily exhausting the ground water sources. It
has been a land of cotton filelds, ranches, oil fields, and tumbleweed,
So the optimal model patterns are not dissimilar to the current pattern.
However, beginning in 1970 the California Aqueduct, a part of the
comprehensive California Water Project, will begin delivering millions
of acre feet annually to a large share of HPA 0362 and 0363 land, In
fact, it 1s anticipated in the planning of the California Water Project
that more than 1/2 million acres of this land will be irrigated in
1980. But glven the currently estimated cost of water and the production

1/ Verbal estimates of idle land in this area in 1980 include: Fresno
County - 125,000 acres, Kings County - 160,000 and Kern County - 190,000,
The sources of these estimates were David De Bruyn, Hydrologic Engineer,
U.S.Bureau of Reclamation, ard Glenn Sawyer, Serlor Land and Water Use
Analyst, California Department of Water Resources,
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alternatives considered in this study, less than 1/3 of the 1 million
acres in this area enters any of the optimal solut.ions.y

If the parameter levels in this study are reasonably accurate and
the model structure is adequate, then one would conclude that it will be
uneconomic in 1980 for farmers to use the total volume of water projected
for the Westside, Since the California Aqueduct is a joint State ard
Federal project, these governments have control over the base price charged
for water, If it is uneconomic for many farmers to use the water at the
higher price levels, it may be possible to increase the total annual
return to the public's capital investment by lowering the price and
exterding the repayment period,

The parametric objective function (variable cost) programming method
is applied to the Model 1980C solution to determine the demand function for

water on the Westside. This programming method 1is a modification of the

1/ Undoubtedly some additional production of erop alternatives not
included in this study will optimally occur in this area. However,
the acreage in these alternatives will not require all the irrigated
land to be available. In Model 1980C more than 725,000 acres in this
ares are projected to be idle or available for pasture of nonalfalfa
hay. The cost of water is too high to support a pasture-~-hay economy,
Therefore, the major alternatives left are orchard and excluded vege-
table crops. Even if a major portion of the projected net acreage
expansion of these arops between 1961-65 and 1980 were to occur on
HPA 0362 and 0363 land, it would require less than 100,000 additional
acres, Even then, at least 150,000 fewer acres would be irrigated
in 1980 than is estimated by the Department of Water Resources amd
Bureau of Reclamation sources,
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1/

standard simplex linear programming model,, The effects of a wide range
of costs or prices on the optimal sclution to the simplex problem can
be studied. For an input such as water, it may indicate the optimum
quantity of water to be purchased at each possible unit cost. In this
case, the optimum acreage of land to be irrigated in relation to water
cost is determined simultaneously.

Solutions are obtained at 1965 water cost increments of $2 per acre
foot in HPAs 0362 and 0363, For each crop activity in these HPAs, the
estimated nonland costs of production for 1980 are systematically reduced
by a reduction in the cost of irrigation water, Because of the method
of budgeting and projecting costs used in this study, a $1 change in the
1965 unit cost of water {or of any of the budgeted resource activities)
results in a $1.10 total change per unit in the 1965 production cost and
$ 1.353 in the 1980 cost. Therefore, in the discussion to follow, when a
$2 decrease in the 1965 water cost per acre foot is mentioned, it really
refers to a $2.706 decrease in 1980 nonland production cost.y

Demand for Irrigated Land on the Westside

It is not until the 1965 water price declines by $12 per acre foot
that all of the net model acreage in both HPAs enters the basis, However,
all of the HPA 0362 acreage, 504,000 acres, is brought into production
with a $6 decregse in water price. In HPA 0363, 163,000 acres are brought
into production with a $6 decrease., With only a $4# price decrease, a
combined total of 417,000 acres is brought into production. Hence, the
marginal cost of water to the farmer would have to be reduced between

1/ See Heady and Candler [ 51A,Chapter 8] for a disoussion of variable
cost programming.

._2_/ The irrigation requirements for each orop are recorded in Table D,}.
The 1965 cost per acre foot is $14,70 in HPA 0362 and $19.36 4in 0363.
The total generated nonland production cost in 1980 per acre foot of
water applied is $19.89 in 0362 and $26,19 in 0363,
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$4 and $6 to bring the 1/2 million acres of land into production for which
water is planned to be available in 1980, The specific crop activity
acreage in these two HPAs at each inoremental price level are recorded in
Table 8.8,

Westside Irrigation Water Demand by Study Crops
A contimious 1980 demand function for irrigation water used by the

study crops in these HPAs is estimated in loglinear form from the eight
parametric program observations. The demand funotion is for all irrigation
water in the area, not only that which is delivered via the Californis
Aqueduct, With the total quantity of water demanded in both HPAs estimated

as a function of 1965 price in each HPA, these least squares equations

are obtained:
108, Q = 3.64 - ,052 P0362,
logyn Q = 3.89 - 052 P0363,
where
P0362 is the unit cost of water to the farmer in HPA 0362,

P0363 is the unit cost of water to the farmer in HPA 0363,

Q is the total quantity of water demanded, in 1,000 acre feet

units, in HPAs 0362 and 0363.
It is observed that the regression coefficient is the same in both
equations, The differsnce in the intercept value is due to the average
‘water cost differential of $4,.66 between the two HPAs,

The demand squation is plotted on a semilog scale in Figure 8.2,
The 1965 price of water in each HPA is identified on the horizontal
axis and the combined quantity demanded in both HPAs on the vertical
axis,
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Elasticity of Demand

The point elasticity of demand with respect to the 1965 price of
water is estimated at selected prices and recorded also in Figure B.2,
For HPA 0362, the elasticity is determined at prices of $14,70, $9.70
and $4.70; for HPA 0363, the estimates are at prices of $19.36, $14.36,
and $9.36, The total quantities on the Westside demanded at the low,
medium, and high prices in HPA 0362 are the same as at the respective
HPA 0363 prices,

Demand is elastic at all prices except one. It is inelastic at
the low water price in HPA 0362, but is elastic at the low price in
HPA 0363. Hence, if the $4,66 water pmrice differential is maintained
between production areas, total revenue to the water mroject would be
maximized by decreasing the price in both areas by at least $5.00, and
possibly as much as $10,00, per acre foot,

If there are any variable costs incurred in supplying incremental
units of water to farmers, the quantity at which profits, or net returns
on investment, are maximized would be lower than that at which total
returns are maximized,

In contrast to this generally elastic demand function for water on
the Westside of the San Joaquin Valley is the inelastic demand for water
on Tulare County farms estimated by Moore and Hedges [ 628, p. 133]. At
a 1965 water price per acre foot of $9.70 in HPA 0362 or $9.36 in HPA 0363,
the Westside demand for water is elastic, A 1 percent decrease in
rrice would result in more than a 1 percent increase in quantity
demanded, so total reverue to water suppliers could be increased by
lowering the price in these areas. However, at a price of $9.44 in
Tulare County, Moore and Hedges estimated demand to be very inelastic
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(e = =0,188), A 1 percent decrease in prices would result in only a ,188
percent increase in quantity demanded; therefore, total revenue to water
suppliers would increase by raising the price of water in Tulare County.
Even at a price of $23.30 per acre foot, demand was stil] estimated

to be inelastic by Moore and Hedges,

Both sets of demand curves for water were derived by a similar
procedure, Parametric programming was used in both studies., However,
certain differences are apparent in the underlying assumptions amd
technique, as well as the area of analysis, Moore and Hedges derived
their aggregate demand function from an individual farm approach for
different sized farms., Based on a single set of typiocal production
corditions and unit costs in each HPA, a more aggregative approach is used
in this study, The demand curve of Moore and Hedges included the water
demanded for orchard and vineyard crops, whereas in this study it does not.
Such orops make up a significant portion of the agricultural acreage in
Tulare County and are higher valued crops than most of those in this study.
Because water costs comprise a smaller portion of nonland production costs
for orchard and vineyard crops than for the field crops and vegetables
which are projected fer mroduction on the Westside, one would expect the
water demand for the former to be less elastic than for the latter,
Conclusions

At least two conclusions may be drawn from this extension of Model
1980C:

1. Unless water costs in these two HPAs are substantially

overestimated or important deficiencles exist in other
parameter levels or structural aspects of the model, it
will not be economic at these unit costs to irrigate all of
the land on the Westside for which water is expected to be
available in 1980.
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2, Anmual revenues to suppliers of water on the Westside
may be increased by lowering the unit price of water
sufficliently to irrigate all of the land which the water
agencies have estimated will be irrigated in 1980. There
are important implications, however, for other producing
regions in the State if such a policy were adopted,

Impact of Imposing a Regional Cotton Allotment Restiraint

Although only one model 1s identified in the previous chapters
with a regional cotton allotment restraint, the question about cotton
allotments raised in Chapter 1 really requires answers from two slightly
different models, The first lissue is to estimate the effect on cost and
production locatlons from imposing an acreage allotment restraint without
changing anything else in Model 1980C, The second model (1980D) is
needed to project production patterns and provide related information
when output levels are alsoc affected by the acreage allotments, The
allotment restraint in both cases distributes cotton acreage regionally
in the same proportions as did 1968 allotments -~ 90,9 percent to the
San Joaquin Valley and 9.1 percent to the Desert.

Allotment Restraint without Modifying Output Levels

Model 1980C nonland production costs are increased more than $27
million by imposing current relative regional allotments. Cotton acreage
is increased 26,900 acres, with Region 6 increasing 121,300 acres and
Region 7 decreasing 94,400 acres, With the exception of a small acreage
of sugar beets and alfalfa shifting from Region 6 to Regions 2 and 8
respectively, no other regional crop shifts are prompted by the transfer
of cotton to Region 6,
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Cotton production replaces 19,200 acres of alfalfa and 4,400
acres of sugar beets in HPA 0161 and expands by 97,700 acres in HPA
0363, HPA 0572, with 43,000 acres of cotton, is removed from production,
and the cotton acreage in HPA 0372 declines by 51,400 acres.

The only imputed price which is different because of the cotton
allotment is for cotton itself. Another bale of cotton can be produced
for $151.50 versus $152.92 in Model 1980C. In Model 1980C the imputed
price is the marginal cost of producing one more bale in HPA 0363.

Here it is the marginal cost of producing part of the bale in Region 7
and the rest of it in Region 6.

Although the LP solution does not indicate the imputed rent to
the transfer of an acre of cotton allotment from Region 6 to Region 7,
this value can be estimated. If another bale of cotton were to be produced
in Region 7, it would be grown in HPA 0372 at a cost of $123 per bale.
Neither land nor the cotton rotation restraint are restricting resources
in this production area. The only cost incurred in expanding cotton
production is its nonland cost of production indicated above. If another
bale were to be produced in Region 6, it would be grown in HPA 0161.
Because land is a restricting resource in this area, an acre of a crop
already being produced there would have to be shifted to another HPA to
make room for an additional acre of cotton. Hence, the marginal cost of
producing more cotton in HPA 0161 is greater than its nonland production

cost. The nonland production cost is $136 per bale. The increase in



total cost, however is $156 per bale.y The imputed rent to the transfer

of allotment acreage from Reglon 6 to Region 7 is $32.22 per bale or

$96,02 per Region 7 acre, In other words, if one additional bale of

cotton is to be marketed, it can be mroduced in Region 7 for $32,22 less

than in Region 6,
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1/ Set of equations for estimating real marginal cost per acre of
cotton in Region 6:

where
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418 marginal cost per acre in Region 6;

is marginal cost per acre ($315.13) produced in fixed
proportions between Region 6 and Region 7;

is marginal cost per acre ($368.00) in Region 7;

is Region 7's current share (,091) of the gllotment;

4s Region 6's current share (.909);

is imputed price of bale ($151.50) produced in fixed
acreage proportions between regions;

is marginal yield of an acre (2,08) divided between the
regions in fixed proportion;

Y161 18 yield in HPA 0161 (1.99);
Yo372 48 yield in HPA 0372 (2.98).
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Allotment Restraint with Cutput Levels Modified Also

Acregge allotments not only affect the regional distribution of
acreage, but also the total acreage in the State. Although California's
share of U.,S5. output is projected in Models 1980B and 1980C to inocrease
in the absence of acreage controls, it has not increased markedly during
the decade that allotments have been in force, In Model 1980D it is
assumed that cotton ylelds in the rest of the U.,S. increase at the same
rate as in California and that allotments are distributed among states
in the same ratio as in 1961-~65. Therefore, California cotton output
in Model 1980D is projected to be its base period share of 1980 U,S. output,

One other change was also made in the output vector. Cottonseed
oll comprises a part of California's vegetable oil output. Safflower
01l makes up the remainder. The California ocutput estimates for safflower
are derived as the residual sburce of vegetable oill production to that of
cottonseed oll. DBecause vegetable o1l production in California has
increased steadily as a share of U.S., production during the period that
cotton allotments have been in effect, the total vegetable oll estimate
used in Models 1980B and 1980C - is not altered for Model 1980D., The output
ostimate for safflower is consequently higher in Model 1980D, Thus, the
impact on the Model 1980C optimal solution 15 the net effect of a regiomal
cotton allotment restraint, a lower cotton output restraint, and a higher
output restraint for safflower,

Model 1980D output can be produced at a total cost of $1.,25 billion
on 4,903,800 acres of land. Production costs are 9 percent lower than in
Model 1980C and land requirements are 5 percent lower. Harvested crop
acreage, 5,586,800 acres, is 4 percent lower than in Model 1980C.
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The imputed product price of cotton is $142.62, or 7% lower than in
Model 1980C; imputed price of safflower is $61.37, or 10% higher. No
other significant changes in imputed product price are observed. The
imputed rent to the transfer of cotton allotment acreage from Reglon
6 to Region 7 is $21.51 per bale or $64,10 per Region 7 acre.']-'/

There is less than 200,000 acres in production in HPA 0362 and none
in 0363 which together comprise the Westside, San Joagquin Valley. Hence,
with cotton allotments continmuing in force, the extent of idle land there
at current water prices could be greater than under free market comditions,

Harvested crop acreage of cotton would decline 337, 000 acres,
or 29 percent, from the Model 1980C level, The decrease comes 209,500
acres from Region 6 and 127,500 from Region 7., Safflower acreage increases
by 92,000 acres with an expansion of 48,400 in Region 6 and 43,600 in
Region 5. The only other significant reglonal crop shifts affect tomatoes,
alfalfa, barley, ard grain sorghum, Tomato acreage in Region 4 shows an
increase of 36,600 acres with a decrease in Region 5 of 43,600, Region 6
alfalfs acreage increases 15,700 acres, and other regions decrease 10,000,
Barley and grain sorghum acreage both go up 29,100 acres in Region 6 and
down 27,900 acres in Region 4, Total harvested crop acreage decreases in
all regions except Regions 1 and 9, but the only important ones are 127,600
acres in Region 7, 84,200 acres in Region 6, and 20,900 in Region 4. In
percentage terms, the decreases amount to 26 percent in Region 7, 4 percent
in Region 6, and 2 percent in Region 4, Model 1980D regional distribution

1/ The marginal HPAs for cotton production in this solution are 0362 and
0372, Other than the different HPA in Region 6, the method of
estimating imputed rent to allotment soreage is the same as that used
in the last section, Imputed rent per bale is computed as the
difference between marginal cost in Reglon 6 of $144,99 and that in
Region 7 of $123,48,



of harvested crop acreage is recorded in Appendix Table G.10,

Several secondary orop acreage shifts between HPAs are prompted
by this modification in the cotton and safflower output levels and
regional distribution of cotton acreage, but they are minor compared
to the primary cropping pattern changes in these two crops,

The major observations gleaned from the 1980 model results are
summarized and some apparent implications are discussed in the first
section of the following chapter,
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CHAPTER IX

IMPLICATIONS AND ASSESSMENT

This concluding chapter will be devoted to 1) summarizing the results
of the study and their major implications, 2) critically evaluating the

sethods used in the analysis, and 3) suggesting areas for further research.

Depirical Summary and Jmplications
Agriculture in California is a complex, dynamic industry, There are

many forces that will shape it in the future, These include population and
income growth, urban expansion and sprawl, technological changes both in
agriculture and in related industries, foreign market developments, shifting
consumer preferences, and governmental programs, Although per capita use
of all farm products is expected to change little, there will be significant
changes in diet, relative prices, resource use, and the organization of
agriculture,

No one can exactly predict future changes in demand, technology,
product fon, and prices of farm products. Nevertheless, farmers, processors,
legislators, and administrators are forced daily to make decisions on the
basis of future expectations. Hence, those researchers who would aid such
people to make rational decisions must make economic projections, even
though the multitude of variables at work make such projections conditional,

The projections in this study are subject tos 1) the fulfillment (or
effectively offsetting influence) of the assumptions spelled out in the
second chapter, 2) accurate data, 3) realistic exogenous projections of
state output, yleld, cost, and land availability, and 4) an adequate mathe-
matical model. Several alternative assumptions affecting the model structure

have been evaluated following the research. In the abssnce of governmental
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programs, the assumptions of Model 1980C appear to be the most reasonable,
This model includes elements of changing output shares and a minimum cost
feed grain mix, It ls recognized that an almost infinite number of other
alternatives leading to quite different results could have been considered,
However, the unexplored areas yleld little tangible insight for immediate
answers to pressing problems., Therefore, the focus of this section will be
to extract from the models actually solved the major findings and implica-
tions of interest to decision makers,

AgRgregate land Resources Restricting?

Thers is no apparent prospect for a atress on available California
land in the aggregate by 1980, All model solutions contained substantial
amounts of idle land, It is estimated that in the base period there were
more than 6 1/3 million acres of potential agricultural land actually idle,
less idle land is projected in each of the 1980 models, but it is mever
lower than 5,6 million acras,

Although there is no indication that agricultural land needed in the
near future will run out, as some vocal proponents of the governmental
regulation of urban sprawl proclaim, the rate at which the optimum acreage
of surplus land is projected to decline between the two time periods is of
economic and political importance. The following discussion should 1llug-
trate this point,

Between the base period and 1980, at least two adjustments in agricule
ture are possible to allow more efficient production and to reduce the
total agricultural requirements for land resources. Thay are: 1) to
shift production from nonoptimal to optimal locations, and 2) to produce
the least cost feed grain mix rather than the base perlod proportions.
Therefore, it is estimated that net requirements of idle land for agricultural

and urban uses between the base period and 1980 will be equal to the difference
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between the base period actual uses and Model 1980C land uses, This amounts
to only 138,000 acres.

If the entire adjustment from nonoptimal to optimal locationg occurs
before 1980, all adjustments after 1980 would be optimal responses to changes
in technology, demand, or nonagricultural competition for resources used in
agriculture, Hence, annual requirements for additional land would be higher
than that estimated between the base period and 1980, Additional land
requirements similar to those between the base period model and one of the
1980 models would be realistic for the period following 1980,

To extend the aggregate land use projectians beyond 1980, assume that:

l. The annual increase in net urban and extra=-urban acreage

requirements after 1980 is the same as between 1965 and 1980,
or an estimated annual average of 54,500 acres, and

2, The annual increase in agricultural requirements after 1980

is the same as between the base period model and the Model
1980A inventory, or about 32,000 acres per year over the 17
year mean period,

The first assumption above would be valid under these possible
conditions: 1) population in California increases at a linear rather than
a geometric rate after 1980, and 2) the population density on urban and
extra-urban land remains constant after that date,

The second assumption would be valid under at least this set of
circumstances: 1) in the aggregate, U,S. output and California crop
yields increase by the same annual amounts after 1980 as between the base
period and 1980, 2) California's share of U,S. output remains constant,
and 3) the productivity of additional land brought into production remains

the same as that already in agricultural usage.

Based on the above premises, total agricultural and urban land
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requirements would increanq by approximately 81,000 acres per year after
1980, With an estimated 6,225,000 acres of idle land avallable in 1980,
this reserve would be depleted in 77 years. In the year 2057, the land
use inventory might look something like this:

(1,000 acres)

Nonagricultural land 7,410
Semiagricultural land 1,215
Total agricultural requirements 11,000
Idle land 0

Total land inventoried 19,625

This view of future land requirements is probably conservative in
at least two respects: 1) urban land requirements have been growing at an
increasing rate in the past several decades, and 2) the highest ylelding
land is projected to be used for production in 1980 == in the absence of
policies controlling urban sprawl, additional units of lower productivity
land would have to be brought into agricultural production.

Even taking this conservative view, the availability of potential
agricultural land could become a serious restraint to the production in
California of current shares of U,S. output during the 21st century. It
will become an effective aeconomic restraint to the production of a number
of individual commodities long before it is restricting in an aggregate
sense, So long as unused land is available in other parts of the U,S.,
the output share of particular crops supplied by Califomia will decline as
the stress on better land increases, For example, there are many other
places where urban pressure is less and vhere feed grains can be produced
to be shipped to California for about the same cost as the current marginal
cost of producing it in California. However, for other crops, particularly
caertain fruits and vegetables, California seems to have a strong comparative
advantage in production, To estimate responsibly the California land use

pattern in the mid-21st century, competition from regions outside the State
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will have to be assessed.

while the above discussion may be overly simple, it does point to
the following conclusion. No panic is warranted over land becoming a
physically restricting resource to agriculture during the time span of
this study., However, taking a longer perspective, such an issue may
become important,

cl fon of Saline and Alkaline 1

In general 1t is more profitable to expand production on the better
soils and also to reclaim saline=alkaline soils than to expand on
terraces requiring sprinkler irrigation, Higher ylelds are generally
produced on reclaimed saline-alkaline soils than on the terrace soils, and
total costs are often no higher, In each of the models, considerable
production is projected to occur on level solls reclaimed of salts, but
very little is projected on terrace solls,

cts fo fon o igatio ilitie

The profitable expansion of irrigation on level soils from the base
period actual acreage is suggested by Model 1961-65, Purther expansion by
1980 1s indicated by each of the 1980 models. Most of this expansion is
projected in the Central Valley from Merced County north, but some is
projected also in the North and Central Coast and in the mountain and
intermediate level valleys,

Considerable redistribution of currently irrigated acreage is indicated
in the Model 1961-65 solution. However, the Model 1980C solution projects
an offsetting influence on the regional distribution, In none of the
regions 1is the difference betwsen base period actual and Model 1980C optimal
irrigated acreage greater than between the base period actual and optimal,

The difference is smaller in seven regions,

timal eg Iin age

The optimal allocation of land resocurces among crops in the base period
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and in the "best® 1980 projection are quite different from actual base
period allocation, There are significant differences also between the
two optimal solutions, Production patterns are projected to be In a
state of dynamic flux between the two time periods, both because of the
initial misallocation of resources and because of the changing parameters
between the time periods.

In altering the total crop acreage distribution among regions, the
effect of adjusting to the optimal allocation of resources in the base
perlod is relatively more important than adjusting to the changing parameters
between time periods, For the distribution of total land among crops, the
effect of the changing parameters is more significant. In the base period,
some increase in the efficiency of land for the production of every crop 1is
possible 1f the production pattern is altered, l/
Imputed Rent and duet ice

The imputed 1980C rent to fixed resources varied from a high of
nearly $88 per acre to a low of $0. The high in the base period model was
only $50, In both cases the cotton rotation restraint in the Desert HPA
0372 commanded the highest rent, It is anticlipated that as output require-
ments increase and land resources decrease in the future, the rents to
particular resources will be even higher than in the 1980C model, The
most valuable resources to the production of model crops are those with the
highest imputed rent, If one more acre of the cotton rotation restraint in
HPA 0372 could be added, total production costs would be reduced by $88B,
If another acre were added to the same restraint in HPA 0561, costs would

decline by only $.12,

1/ This is true with cotton also, even though the optimal 1961-65 acreage
is higher than actual acreage, Total acreage required for skip-row plant=-
ing 1s considerably higher than that for solid plant, although the officlal
crop acreage 1s lower,
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Imputed product prices in both Models 1961-65 and 1980C are relatively
quite different from the base period actusl. In these models there is no
interplay (or functional relationship) between output projections and price.
Output projections were made independently of the imputed prices obtained
endogenously from the models. Because of the difference in relative 1980C
imputed prices from actual and imputed 1961~-65 prices, the equilibrium oute
put projections are somewhat suspect, Estimating 1980 output levels as a
function of price would enable the use of imputed prices in approaching
iteratively, or through quadratic programming, the equilibrium output and
price levals,

Imputed product prices have been used in this study to estimate imputed
value of production, An imputed product value which is lower than actual
value for the same output quantities implies that greater efficlency is
possible by shifting production to optimal locations. Though the 1961-65
imputed value of production is 10 percent lower than its actual value, it is
of interest to note that the increased efficiency in the uge of land resources
is almost the same, slightly less than 11 percent, Whether we refer to
imputed savings in dollars to the consumer or to a decrease in land units
optimally required for production, the estimated gain in base period
efficliency is similar,

t vi b uction of a st t Feed in Mi

It is possible to decrease the acreage of total and irrigated land
required for Mddel 1980B output levels more than 1/2 million acres. By
allowing a shift to more sorghum production, nearly all feed grains are
produced as double crop activities in Model 1980C, Hence, land requirements
for feed grains in the least cost mix are 33 percent lower than in Model
1980B, and imputed product value (cost to feeders) is 18 percent lower,

Because the imputed product price of feed grains ig very stable for large
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variations in output, the supply elasticity with respect to price of feed
grains is extremely high, y
tgide aquin ey Hate ice

The estimated cost of water to farmers on the west side of the San
Joaquin Valley is too high to irrigate optimally all the land projected by
other sources for irrigation in 1980, The cost per acre foot would have to
decrease $12 (in the 1965 estimate) to irrigate all land on the Westside, or
$6 to irrigate the 1/2 million acres projected for irrigation in 1980, Even
with a possible expsnsion of excluded crop acreage, the cost of water appears
too high to irrigate optimally all the projected 1980 acreage.

iciency Cogt o tton Allotments

Given the output projections in Model 1980C, the imposition of relative
regional allotments results in a misallocation of resources in the magnitude
of 527 million, Imputed product value is nearly $4 million less, so
aggregate profits to farmers are $31 million lower if they receive the same
average price in both cases, In making policy decisions, the value of
increased stability in production should be carefully weighed against such
increases in resource inefficlency,

Critical Evaluation of Method of Analysis

In drawing conclusions from a plece of research, the basic limitations
and weaknesses of the study which would restrict the useful scope of the
results should be recognized, The statedprimary objective of this study
is to provide aggregate projections of areal production which will be of

value to governmental and industry decision makers., This study provides
answers to each of the specific questions raised in Chapter 1, questions

about future agricultural production in California. The major conceptual

;/ﬁhounvnr, in an interregional analysis of major field crops in the U.S.,
Skold and Heady [83] project that no feed grains will be produced in
California optimally in 1973,
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and practical problems which may limit the confidence placed in the con~-
clusions for macro~level purposes are discussed below in four sections:
1) aggregation of data, 2) objective function, 3) delineation of HPAs,
and 4) other major limitations of the models used,

Aggregat ion of Data

Typical (or representative farm) cost and yield data were used to
estimate average HPA production relations. Because of the variance in
parameters involved within an HPA, production locatlons in reality should
not be as polarized to individual HPAs as is estimated by the models,
Although macro estimates of production location are the goal of this study,
extensive variation of the production relations within an HPA will alter
the macro conclusions,

Because of the degree of aggregation necessary to simplify the project
to manageable proportions, such considerations as quality of product,
manager®s capital position, risk, managerial capacity, economies of scale,
and external economies within regions are ignored, It should be recognized
that these elements do vary and sometimes vary widely. Although most of
these factors are bypassed directly, It ls assumed in this study that
average management is employed on specialized farms which are large enough
to receive much of the benefit from economies of sice.

The impact of external economies is probably a little more crucial
in a short run analysis than in the long run, location of production for
sany commodities is determined in large part by the location and capacity
of processing facilities, In the short run, processing plants are usually
assumed to be fixed; but for the long run projections, it is assumed that
they can be relocated and/or expanded and will move to optimum locations,
Consequently, i{f an HPA has a relative cost advantage in supplying a market

with a significant portion of a particular commodity, we can expect the
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location and size of processing plants to be nonlimiting in the long run.
Because an intermediate planning horizon is used in this study, inclusion
of the long-run assumption that processing plant location is not restrictive
may limit the usefulness of the study results for intermediate planning.
However, in pointing out the direction of long-run adjustments, this
assumption 1s justified,

Nonhomogeneity of prices, production functions, inputs and outputs make
any aggregation an abstraction from reality, However, the research decision
is not to choose between aggregation or no_aggregation, but rather to
minimize the Merrors™ by following appropriate and consistent aggregation
procedures,

Objective Punction

Under conditions of perfaect competition, an objective function which
maximizes aggregate profits algso maximizes profits to each unit in the
aggregation, If each atomistic producer maximizes his profits, the
allocation of production will be exactly the same as if a central planner
had sought to maximize profits to the State (assuming the same information
were available to the central planner as to the producers). In addition,
Henderson and Quandt state Chat "in the abgence of external economies or
diseconomies, a perfectly competitive equilibrium satisfies the conditions
of Pareto optimality ... [l.e., economic efficiency J.® y [52, pe 208]

This is true both when aggregate sectors are considered and wvhen atomistic
elements are analyzed,

Since agricultural producers very nearly meet the conditions for being
perfect competitors, the allocation of production by maximizing profits for

the State will closely approximate the allocation by maximizing the same

1/ The conditions of Pareto optimality are based on the assumption that
resource ownership is given, thus bypassing any consideration of increasing
social welfare through the redistribution of income,
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goal for each producer, Although there are some exceptions even in agri-
culture (i.e., large specialized units and contract arrangements), the
assumption of perfect competition appears to bs a reasonable approximation
of reality, One would expect that the solution obtained by maximizing such
an aggregate function would be a reasonable estimate of the solution if all
of the individuals® objective functions were maximized,

Minimizing aggregate costs to the State of producing and transporting
given demand quantities has no such logical appeal, There is no inherent
reason wvhy minimizing aggregate costs will minimize individual costs. To
minimize individual costs of production and transportation would lead to
extensive agricultural production in virtually all cases., The quantity
of products to be produced by each individual farm would have to be sgpeci-~
fied,

However, if the vector of demand quantities 1s specified exactly as
it would be at equilibrium prices, the allocation of production to minimize
aggregate production and transportation costs would be exactly the same as
if each farmer maximized his profits [45, p. 12]. Hence, the degree of
reality in the production allocation obtained from minimizing production
costs in this study depends 1) upon how nearly the specified demand
quantities facing California farmers approximate those which the equilibrium
set of prices would actually dictate, and 2) how closely the goal of
maximizing profits approximates the producers' true goal functions,
Bacause demand functlons facing California agriculture havg‘not boen esti-
mated for all crops in the study, the proximity of the projected output
levels to equilibrium 1980 output remains speculative at this point, With
regard to the personal objectives of individual agricultural producers,
saximization of profits is of central importance. However, additional goals

may also be involved in the decision making of individual farmers -=- viz,,



184,

maximize capital gains, minimsize risk, or maximize after-tax income from

both farm and nonfarm sources, A multiple objective function in vhich one
seeks to maximize some combination of several parameters, or maximize one
subject to minimum constraints on the others, may be more realistic than

one in which only gross profits are maximiged, If the alternatives are
limited to single objective functions, maximization of profits is undoubtedly
the most relevant, but it is recognized that other goals may also be important,
Delineation of HPAs

The purpose of following major so0il and plantclimate boundaries in
the delineation of HPAs is to reduce the variance about the average cost
and yleld estimates. Although no attempt was made to determine scientifi-
cally the delineative variables which would reduce variance the most,
spatial differences in the natural resource complex are considered to be of
primary importance for a long=run analysis, Other important delineative
variables for intermediate and long-run analyses which are not measured in
this study are suggested in Chapter 3.

The practical problems inherent in grouping areas along other than
administrative boundaries are significant, It is extremely difficult to
check adequately the reliability of the data or results in this study.

Data are not compiled by other sources according to soil-climate groups.
Yield data are published for individual counties; production costs are
estimated sporadically but usually represent, at least in title, individual
counties also,

It is hoped that any practical difficulties resulting from county
boundaries not being followed will be more than offset by the virtue of the
variation about estimates obtained belng lower. However, confidence in the
average cost and yield estimates must be carefully qualified because of this

inability to verify their accuracye.



185,

Other Major Limitations
General equilibrium solutions have been precluded in this study by

the nonfunctional relationship between demand quantities and imputed prices,
These are allocation models, Location of production and imputed prices of
factors and products are the only model conclusions, The output vector ia
not endogenously determined.

Several important crops which would interact with study crops for the
optimal allocation of resources have been excluded from the models. Their
locations are projected exogenously. Some of the major orchard and vineyard
crops each demand more than 100,000 acres of land resources. Although they
are projected to expand in the HPAs where they are now located, which
mainly consist of the best soils, shifts to more optimal locations have not
been evaluated,

The problems are set up as spatlal allocation models, but with no
transportation cost between any HPA and the consumption market., This sim-
plification is not of critical important when relatively concentrated, high-
value crops which are marketed mainly outside of California are concerned,
But for low=value, bulky items marketed exclusively within the State, the
effect of this omission may significantly distort optimum location patterns,

local and regional demand may be quite important for some of these
very bulky, low=-value products, Inclusion of such demand estimates, along
with a consideration of transportation costs, codld markedly alter the
optimum production patterns obtained for such crops as alfalfa and sugar

1/

beets, =~

1/ Sugar is marketed extensively outside of California, but the effective
demand point to sugar beet producers is the location of the processing
plant.
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Different rates for projecting individual cost components to 1980 are
not introduced into the budgeting procedure, However, the unit cost of
labor has been increasing recently at a faster rate than that of water (and
of most other inputs also). Thus, to assume a single rate of increase on
total cost may cause the solution to be 1) unduly sensitive to current water
cost and requirement differentials between activities and 2) too insensitive
to differential labor requirements.

An alternative argument may also be hypothesized, If the cost of one
component increases at a faater rate than another and the two are somewhat
substitutable, the latter will be substituted for the former. It is hard to
concelve of extensive substitutabjlity between labor and water, although it
may be possible to save on labor at the expense of some water by particular
irrigation techniques, However, a more pertinent interchange would probably
be that between labor and capital investments. Given the state of American
technological ingenuity, additional labor saving equipment can be expected to
enter into economic use whenever there is a significant change in the labor
market, Witness the advent of the mechanical tomato harvesater. Bringing
water back into the comparison, both labor and water can be conserved for
sany crops by investing in sprinklers. Presently, only a very small acreage
of sugar beets are projected to be optimally irrigated with sprinklers in
1980; however, if the cost of labor increases at a more rapid rate than the
cost of sprinklers, or if some technological development reduces the cost
of sprinkler irrigation, there may be a promounced shift to sprinkler
irrigation on level as well as on sloping soil,

There is no way to valldate effectively the models used. Linear program-
ming models are normative. They predict according to what should occur given
an underlying set of assumptions. In this case one of the basic assumptions

is that all farmers seek to maximize their individual profits, If the
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assumptions are valid and the data are correct, the model raesults are valid.
If not, the results may be suspect. Y The use of a normative instead of a
positive model imflies that the researcher hypothesizes that historical be-
havior will not explain future behavior well. He may want to assess the
impact of policy decisions or variables that were not as important in the

past as they might be in the future, Or he may want to consider alternafiva
decisions, as in this study. If he ig able to determine what causes producers
to respond as they do, then he can build this information into a decision
model,

It is impossible to estimate the degree of confidence that should be
placed on the results of any of the models in this study., One reason is that
the models are normative, The second is that error coefficients in a strict
probabllity sense cannot be assigned to the model parameters. It has not
been possible, with limited finances and time, to develop a statistical
sampling procedure for the collection of the data.
goncluding Remarks

As a simulation of the real world, the results obtained from these
models have a multitude of limitations, They are not definitive predictions
of the future, The probability that the exact production patterns projected
by Model 1980C will actually occur is as close to zero, or for that matter ==
as close to one, as for any other single set of projections, The only way
these projections might become accurate predictions of the future would be
for them to be used by a central planning agency that has absolute control

over production decisions, and then they would be plans rather than

projections,

1/ Actually, so far as the mechanical model itself is concerned, it can be sald
with certainty that it is wvalid., It provides an optimal solution subject to
the assumptions and data on which it 1s based, The data and assumptions are
vhat the researcher is concerned about in validation,
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However, the usefulness of this study is equally gignificant, It
points out:

1. Likely aggregate possibilities for Callfornia agriculture,

2., Major production shifts that could increase farming efficiency,

3. Certain limitations of commodity control policies,

4, Important considerations in planning water needs, costs, and

location,

Se Areas that need further research, and

6. The need for gathering more extensive data and complling them

according to different geographic units than they have been in
the past so that this sort of research can be more meaningful
than it has been,

A basic model has been developed which is very flexible. With a minimum
of effort, the impact of alternative yield, cost, demand, urban expansion,
or governmental policies on optimum production locations and expected
prices can be determined, In addition, it 1s possible to estimate these
optimum conditions in considerable detail with regard to commodity and
production location, Although the importance of some variables in affecting
production patterns has been minimized, more emphasis has been given in this
study than in any previous study to the interrelationghips between specific
crops in demanding spatially fixed resources in California. Such a large
scale model which considers competitive relations in gltermative production
areas and commodities secems to be a necesgary tool in making sound economic
projections for a particular area or crop,

ble riti rther Investigation

There are far more questions ralsed by this research project than

angwvers it has provided, Some of these questions might be answered with

only a moderate amount of additional research effort, others would require
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major research, Because of the breadth of problems warranting additional
investigation, only the highlights will be touched on in this section.
Nonrestrictive Resource Adjustment

Because major production shifts are projected by the model solutions,
extensive shifting of transportable resources is also implied, In Chapters
7 and 8, the relocation and expansion of regional irrigated acreage dictated
by Models 1961«65 and 1980C are discussed, Possibly a further discussion
should center on the change in acre feet of water required in each region,
One might ask how this adjustment would affect the unit cost of water in
each HPA., The marginal cost of water, rather than average cost, 1s really
the relevant issue when expansion is contemplated,

Economlic¢ and soclal analyses should focus on adjustments in the labor
market which correspond to major changes in regional production patterns,
What 1is the impact on the local lab;r force? Will basically different work
functions be required? Can the local labor force adjust? From whence will
additional labor or a different type of labor be obtained? What about those
people 1in the declining regions? Economic and sociological 1ssues relating
to labor movements, community services, and regional development and decline
are railsed by these questions, In this economic analysis, only nonhuman
factors of production are considered to be restrictive in the relocation of
production, Attention needs to be given also to the economic and social cost
of moving, readjusting, and retraining the human resources,

An analysis of changes in the demand for nonrestrictive physical
resources would also be pertinent. Where will additional fertilizer, seed,
and machinery outlets be needed? Given the basic supply sources, what long-
run differentials, if any, are expected in the unit cost of resources between
regions, If the regional adjustments projected in this study were to occur,

what are the direct and indirect effects on all resources?
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How much more water would be required for agriculture? How much would be
required for the additional labor force, fertilizer companies, processing
plants, etc,? Additional water requirements for agriculture would be a
direct effect of the production adjustment, Water required for production
factors used in primary agriculture, etc. would be an indirect effect., An
input=-output model can be uged to estimate both the direct and the indirect
effects of a production adjustment on the demand for resources and also for
the services of other sectors,
Alternatives with Existing Models

Preliminary estimates of current and future urban land acreage have been
made by County Conservation Needs Committees y as a part of revising the
Conservation Needs Inventory which was published in 1961 [9]. Total State
urban acreage in 1967 is tentatively estimated by these sources to be 65
percent higher [99] than the 1965 estimate used in this study. Conversions
of nonurban to urban land uses between 1967 and 1980 are estimated by these
committees to be 121 percent higher [85] than the 1965=80 urban requirements
projected in Chapter 4. Although there are differences in the urban land
definition used in this study and that used by the conservation committees, it
would be of interest to analyze the impact on agriculture of such an alterna-
tive rate of urban expansion,

What would be the impact on production patterns if the cost budgeting
were handled differently? How sensitive 1s the soclution to the method used
to project costs? Would the result be very different if labor costs were
projected at the rate indicated by recent trends? Varying degrees of risk
may be a result of climatic differences, It should be possible to include
in the cost estimates a measure of relative risk associated with an enter=

prise in a particular area,

1/ Under the chairmanship of the U.S.D.A. Soil Consevation Service.
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A modification of current HPA delineations might be warranted for one
of two reasons: 1) refinement, or 2) generalization to correspond to
boundaries used by some data sources, The variance about average cost and
yield estimates should be reduced if such considerations as water avallabil-
ity, water quality, currently irrigated land, typical size of farm, and/or
proximity to a major urban center affected HPA delineation, On the other hand,
the Department of Water Resources has gathered land use data by 7% minute
quadrangle and irregularly shaped resource areas. The Bureau of Census
uses sub-county units in compiling some unpublished yield estimates. Although
one would expect the variance to be increased by modifying HPA boundaries to
correspond to data groupings, the practical advantage of being able to
verify the accuracy of certain mean data used would also be important,

Possibly the largest single boon to this type of research would come by
such data collection agencies as the California Crop and Llvestock Reporting
Service complling cost and yleld data by natural resource area in addition
to administrative units, Then all yleld and cost estimates in this study
based on historical production could be verified., Extensive generalization
of HPA boundaries may then be unnecessary also, Using the raw data from
vhich averages are compiled for natural resource areas, it would be possible
to estimate standard deviatlons, Much more confidence could be placed in
the results of this atudy if the data could be adequately verified, It is
the opinion of this writer that the most important limitation to accepting
the model results as optimum production locations is the set of cost and
yield estimates used as model parameters. Of all the criticisms raised in
the previous section, none seem to be as important as the lack of confidence
in the data., But to improve markedly the data used would require extensive
resources and could probably be handled only by a data collection agency.

If only a partial check on the data were to be made, this check should
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focus first on the crops for which the optimal 1961~65 regional acreage
diastribution or imputed price are most different from actual acreage or
price. The regions that should receive primary attention are those in which
the shift is the greatest,

Extensions of the Existing Models

All of the suggestions below require an increase in the model size or
complexity, unless some compensating simplification is introduced, However,
80 far as computer capacity is concerned, the size of the existing models can
be reduced considerably with no loss of detail on the IBM 360 computer, Y
The number of rows is the critical restraint on computer capacity. The number
of rows in each of the existing models could have been reduced by more than
75% had the rotation restraints been imposed on columns. Y All of the rota=-
tion restraint rows can be dropped by adding one row with upper limits on
each activity.

The impact of important local demand, inflexible processing plant
location over the projection period, °rvl continuation of certain governmental
programs might be assessed by adding minimum or maximum regional output or
acreage restraints,

The interaction of all major crops for the allocation of resources could
be judged by adding important orchard and vineyard crop activities to the
existing production possibilities., It may be lmportant to introduce the
livestock industry as another production alternative. However, this would
also pull in an intermediate industry which purchases some agricultural
outputs for inputs to its own production process. While no theoretical

problem is raised by such an intermediate process in the model, the empirical

ones are important,

1/ On which the Mathematical Programming System (MPS) software has been
implemented,
2/ This is an option of the MPS when a restraint affects only one column,
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A general equilibrium model could be developed in one of two ways if
demand functions of the following form were estimated for each crop:

Q= £f (P)e The existing model could be used to approach iteratively the
optimal solution, Or, quadratic programming could be employed to solve
directly for the optimum. In the latter case, the objective function would
have to be changed to maximize aggregate profits, An additional row would
be added to relate demand quantities to imputed prices, The existing models
would become general spatial equilibrium models with a single demand point
by merely including transportation costs in the objective row, For many
crops (particularly vegetable crops, dry beans, cotton, and rice) the inclu=-
sion of transportation costs may be irrelevant. The incremental cost of
shipping one of these from one HPA to the major demand point as compared to
shipping from another HPA is probably negligible.

For some other crops, multiple demand points (including local demand)
may be quite important also, In this case the matrix would be expanded to
include an extra row for each additional demand point for a crop and an
extra column for each HPA that can supply one crop to an additional demand
point. While the columns may be expanded greatly, the 1lid could be kept on
the model because the number of rows increagses at a much slower rate,

The final area to be suggested for additional research involves the
expanslon of thls static model into a dynamic one in which the time path of
adjustment, as well as the terminal equilibrium, is projected, There are
basically two common dynamic linear programming models, In one, a single
objective function 1s maximized for the entire planning horizon, A discount
or interest rate 1s attached to profits in each time period and compounded to
the initial or terminal period or to obtain an income flow, Capital and
other resource restraints may be transferred within the system from one time

period to the next., Changes in the resource levels in different time periods
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can also be implemented exogenously. The most significant use of this type
of model to date has been with firm growth studies. [42, Chapter 12; 54],

In the second dynamic model, the Henderson = Day recursive programming
model [37], economic plans are determined by a sequence of optimizing de-
cisions. A separate problem is defined for each time period, and expected
net returns (or other goals) are maximized for that period independently of
all others, However, production in one time period 1s recursively related
to production in previous time periods. The usual procedure is to specify
flexibility restraints on the maximum allowable changes between two time
periods. Regression analysis and other techniques may be used to estimate
the flexibility restraints, For a study of production adjustments, such
restraints might be imposed on the rate at which land can enter or leave
production in any HPA or on the rate at which crop land can be transferred
from one use to another, Exogenous projections of urban expansion or cost
and yield increase could also be included, Recursive programming has been
used previously in similar regional production adjustment studies [81].
Recapitulation of Problems Meriting Further nvestigation

No attempt has been made in this section to be comprehensive in the
coverage of areas deserving additional research. The field is really wide
open, Relevant problems cover the gpectrum from purely data needs to
those which can be handled with the existing models to those which require
some model extension and finally to those which require altogether different
tools and include social as well as economic ramifications. It 1s hoped
that this study has made a substantive contribution to the analysis of

one subset of problems concerned with the efficient use of resources for

agricultural production in California.
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FIGURE A.l
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FIGURE A. 2 196,

Region 1 — North Coast
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FIGURE A, 3 197,
Region 2 — Central Coast
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FIGURE A. 4 198,
Region 3 - South Couast
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FIGURE A.7 01.
Region 6 — San Joaquin Valley
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FIGURE A. 8 202,
Region 7 — Southern Californic Desert
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AFPPENDIX B

LAND, IRRIGATED ACREAGE, AND ROTATION RESTRAINTS
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Urban land,
projected

1980

30969501414[4501143162262005623410628380027674594

-
555261324379#589121563 8228.&.187.&.6?3 99837210
6051 20%4 L=} — oy o o~ o~ L2
NN

1,000 acres

requirement,
1965-80

——

Urban land

TABLE B.1

610888151942672170165007227690282850001675653

- L] L] . L] L] L] - L] -« & 9 [ ] L ] L ] - [ ] L] L] L] . - - L] [ ] L . [ ] - L ] L] - [ ) L] . *
2554515809/48167 - - 937.11673 Y- 0 ~T 0O = oy 6
- Mo [T JRS S | ™~ -

Urban Land in California

799817993518571092107008&.06820446530026009941

- - - * L] - L] L] L] - - L] - L L L] L] - - + . L] L - a - [ ] L] L] - L4

[ o] - .

o T 4206251662845322 11362 8956241&.3409 O NT T

- -] D ™M Oy AN — -4 N - 2]

oW - -

= A

@l

aA MNANNTANNONT AN AN RSN NS NN AN S NN o
R HENNNNOONONT TN OO OO0 NNNNNNOMNMN OO OO OONMRODANNMIND DO M
- el et e e e e et ] e ] e e e el N NN NNNNNNNNNNMOMM N O NN U N DN NN

==Continued ©on next page.

See footnote at end of table



206,

Table B.l (continued)

Urban Urban land Urban land,
upas/ land, requirement, projected
1964 1965-80 1980

1,000 acres
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See footnote at end of table.
==Continued on next page.
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Table B.1 (continued)

Urban Urban land Urban land,
Hpn!’ land, requirement, Projected
1964 1965-80 1980
1,000 acres
2312 0 0 0
2321 o7 .3 1.0
2322 1.5 .9 2.4
2323 18.2 8.9 27.1
2331 14.0 12.2 26.2
2332 39.8 42.9 82.7
2333 1.4 1.8 3.2
2334 .2 0 .2
2341 o7 .8 1.5
2342 1.2 .8 2.0
2351 8.1 3.9 12,0
2361 0 0 0
2381 0 0 0
2391 1.4 .2 1.6
2432 32.6 71.4 104.0
2441 2.8 2.3 5.1
2442 18.7 12.4 31.1
2451 55.1 22.3 77.4
2461 4.8 3.2 8.0
2462 2.4 1.1 3.5
2463 15.8 10.5 26.3
2471 0 0 0
Total 1,599.3 818.2 2,617.5

a/ Last two digits identify climate; first two digits
identify soil. On a three digit HPA, a zero is
assumed before the first digit recorded.
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TABLE B.3

Irrigated Acreage Restraints

HPA Maximum acreage irrigable
by available water supplies
1,000 acres .

0171 19

0191 77

0222 65

0224 20

0371 142

0391 67

1291 148

1381 0

2121 7

2122 71

2124 25

2391

2471
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TABLE B.4

Rotation Restraints

Ccrop activity

Rotation restraint
as proportion of

net model acreage

Vegetable crops:

Agparagus

Broccoli (single crop)

Broccoli-fall or spring lettuce (double crop)
Lettuce, fall or spring (single crop)
Lettuce, fall or spring (double crop)

Lettuce, fall or spring and summer
(double crop)

Lettuce, gummer (single crop)
Lettuce, winter (double crop)
Cantaloupes, fall or spring
Cantaloupesg, summer

Potatoes

Tomatoes, processing

Field crops:

Corn

Barley (fallow)

Barley (nonirrigated)

Barley (irrigated, single crop)
Barley-grain sorghum (irrigated, double crop)
Grain sorghum (single crop)
Alfalfa hay

Dry beans

Rice

safflower

Sugar beetg

Cotton

1.00
1.00
1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00
+50
.67

.80
1.00
.70
.70
.30
.80

.33
1.00
.50
.33

.33
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APPENDIX C

GRAPHS OF HISTORICAL AND PROJECTED CROP YIELD
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APPENDIX D

PRODUCTION COST COMPONENTS
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TABLE D.1
Irvigation Water Requirements, Soil 013/
Climate | Aspar- | Broc- { Let- | Canta- | Pota- | Toma- Corn Bar-
zone agus coli tuce | loupes { toes toes ley
acre feet
Le feet
11 NA 1.00 | 1.00 NA 1.75 NA 1.50 NA
12 NA 1.25 | 1,25 NA 2.00 NA 1.75 NA
21 1.25 1.25 | 1.25 NA 2.00 2,75 1.75 | 1.00
22 1.50 1.50 | 2.00 NA 2.25 3.00| 2.00 | 1.50
23 1.50 1.50 | 2.00 NA 2.25 3.00| 2,00 ]| 1.50
24 1.50 1.50 | 1.50 NA 2.25 3.00| 2.00 ] 1.00
31 2,50 1.75 | 1.75 NA 2.50 3.25| 2,25} 1.50
32 2,50 1.75 | 1.75 NA 2.50 3.25| 2.25 | 1.50
34 2.50 2,00 | 2.00 2.00 2.75 3.50| 2.50 1.50
41 1.50 1,50 | 1.50 1.50 2,25 3.00| 2.00 | 1.25
42 1.50 1.50 | 1.50 1.50 2,25 3.00| 2.00| 1.25
51 1.50 1.50 | 1.50 NA 2.25 3.00| 2.00 | 1.00
61 1.50 1.80 | 1.80 1.75 2.40 3.15| 2,00 | 1.25
62 2,00 2.00 | 2,00 2.00 2.75 3.,50| 2.50| 1.50
63 2.00 2.00 | 2,00 2.00 2.75 3.50| 2.50}| 1.50
71 NA NA 3.00 3.00 3.50 NA 4,50 | 2.40
72 3.00 3.00 | 3,00 3.00 3.50 5.00| &4.50} 2.50
81 1.50 1.50 NA 1.50 2.25 3.00| 2.00; 1.25
91 NA 1.25 NA NA 2.00 NA 1.70 | 1.00
Grain Alfal- | Dry Saf- Sugar
gsorghum | fa hay j beang Rice flower begtg_ Cotton
acre feet
11 1.50 2.25 1.50 NA NA NA NA
12 1.75 2.50 1.75 NA NA NA NA
21 1.75 2.50 1.75 NA NA 2.00 NA
22 2.00 3.20 2.00 NA NA 2.25 NA
23 2.00 3.00 2,00 NA NA 2.25 NA
24 2,00 4.00 2.00 6.00 2.50 3.50 NA
31 2.25 4.50 2.20 NA NA 2.75 NA
32 2.25 4.50 2,20 NA NA 2.75 NA
34 2.50 5.00 2.50 NA 3.00 4.00 NA
41 2.00 4.00 1.80 6.00 2.50 3.50 NA
42 2.00 4.00 1.80 6.00 2,50 3.50 NA
51 2.00 4.00 2.00 6.00 2,50 3.50 NA
61 2.15 4.00 2.15 6.00 2.50 3.65 3.00
62 2.50 5.00 2.50 6.00 3.00 4.00 3.00
63 2.50 5.00 2,50 6.00 3.00 4,00 3.00
71 4.00 8.00 NA NA 4.00 5.50 4,00
72 4.00 8.00 NA 10.00 4.00 5.50 4.00
81 2.00 3.30 1.80 NA 2.50 3.50 NA
91 1.70 3.20 NA NA NA 3.25 NA

a/ Soil 12 for rice.

NA Data not obtained.
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TABLE D.2

Irrigation Water Requirements by Soil

Relative
Soil number irrigation
requirements
goil 01 = 100
01 100
02 100
03 100
05 120
11 100
12 80
13 80
14 100
15 100
21 85
22 68
23 85
24 85




Typical HPA Water Cost, 1965

TABLE D.3

Cost per Cost per Cost per

HEPA acre-foot HPA acre-foot HEA acre-foot

dollars dollars dollars
111 2,52 1151 0 2263 20,01
112 2.50 1191 4.02 2311 2,70
121 4.57 1221 2.61 2312 2.25
122 4.92 1223 4.48 2321 2.49
123 4,05 1231 10.00 2323 4.68
132 11.47 1232 10.00 2331 6.07
134 15.00 1241 2.31 2341 3.46
141 2,92 1251 3.28 2342 3.32
142 2.64 1261 2.38 2351 3.77
151 3.66 1262 9.93 2361 4l
161 1.49 1263 9.63 2381 2,25
162 2.53 1281 4.96 2391 NA
163 2,55 1291 1.95 2441 4.38
171 2,70 1341 1.90 2442 4.91
181 2.32 1351 2.34 2451 5.29
191 4.15 1361 1.91 2461 1.85
221 4.87 1362 12.91 2462 12.27
222 6.72 1381 NA 2463 5.18
223 5.66 1451 2.92 2471 NA
224 4.73 1461 2.07
232 10.00 1462 6.73
251 6.43 1551 .64
261 2,44 1561 2.07
262 9.95 1562 9.10
263 6.07 1572 4.80
281 6.45 2111 2.56
362 14.70 2121 3.97
363 19.36 2122 6.71
371 4.89 2123 4.91
372 4.09 2124 4,83
381 11.36 2131 10.05
391 2.92 2134 25.00
521 4.05 2141 4.34
522 5.20 2142 4.82
561 1.82 2151 4.05
562 2.48 2181 4.13
563 2.41 2223 10.00
572 4,32 2232 20.00

NA Not applicable ~- no irrigated activities specified in these

HPAs .
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TABLE D.4

Standard Unit Cost Estimates, 1965

Cost item Unit Cost/unit
dollars
Skilled labor hour 2.00
Unskilled labor hour 1.75
Fertilizer:
Nitrogen pound .07
P205 pound .11
Sprinkler irrigation:gj
Investment year 19.50
Cost of establishing pressure acre-foot 3.00
|___percent
Interest on investment 1/2 of total investment 6.0
Management and overhead sum of all other costs 10.0

a/ On goils 21 - 24 only.
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TABLE D.5

Standard Harvest Cost Estimates
Per Unit Crop Output, 1965

Representative commodity Harvest costsg

dollars/ton
Vegetable crops:

Agparagus 142.15
Broccoli 25.00
Lettuce 46.00
Cantaloupes 50.15
Potatoes 22.80
Tomatoes for processing 7.84

Field crops:

Corn 3.75
Barley 2.00
Grain sorghum 2.40
Alfalfa hay 6.90
Dry beans 23.25
Rice 5.40
Safflower 2.50
Sugar beets 2.50

dollars/bale

Cotton 40.41




TABLE D.6

Annual Investment Cost of Reclaiming Saline-Alkaline Soils

HPA Barley, nonirrigated Rice Other cropsej
dollars

1341 0 4,00 20.00
1351 0 2.00 15.00
1361 0 2.00 14,00
1362 0 13.00 18.00
1381 0 b/ b/
1551 0 2,00 8.00
1561 0 2.00 8.00
1562 0 2,00 7.00
1572 0 5.00 15.00

a/ Cut in half for each crop in double cropping activity.

b/ Inadequate water supply for extensive permanent reclamation.
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TABLE D.7

Barley and Grain Sorghum Double Crop Activity

Proportion of years each crop can be:

Double

crop Grown with Grown as a

climates Grown other crop single crop

(a) (a;) (a))

22 .80 .60 .20
23 .80 .60 .20
24 .85 .70 .15
31 .80 .60 .20
32 .80 .60 .20
33 .80 .60 .20
34 1.00 1.00 0
41 .80 .60 .20
42 .80 .60 .20
51 .85 .70 .15
61 .85 .70 .15
62 .90 .80 .10
63 .90 .80 .10
72 1.00 1.00 0
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TABLE D.8

County Agricultural Extension Service Sample Cost Sheets
Used for Development of Base Area Budgets

HPA assumed

Crop County Year applicable for
Vegetable crops:
Asparagus Solano 1966 0151
Broccoli Santa Barbara 1968 0222
Lettuce Santa Barbara 1968 0222
Cantaloupes Kings 1968 0262
Potatoes Tulare 1964 0262
Tomatoes for processing San Joaquin 1965 0151
Field crops:
Corn for grain Tulare 1967 0262
Barley Tulare 1967 0262
Grain sorghum Tulare 1967 0262
Alfalfa hay Tulare 1967 0262
Dry beans Tulare 1967 0262
Rice Sutter 1966 1241
Safflower Tulare 1967 0262
Sugar beets Tulare 1967 0262
Cotton Tulare 1967 0262
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APPENDIX E

MODEL 1961-65 YIELD AND PRODUCTION COST PARAMETERS
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TABLE E.1

Estimated Base Period Annual Crop Yield
and Total Nonland Cost per Acre for
Single Crop Model Activities

a/ Crop Estimateqd Estimated

HPA= activity cost yield &/
code B $/ac. tons/ac. |
121 AS 423,00 1.55
122 AS 530.00 2022
123 AS 529.00 2.22
132 AS 451.00 1.55
134 AS 463400 1.55
141 AS 423.00 1.55
142 AS 423.00 1.55
151 AS 465,00 1.81
161 AS 385.00 1.32
162 AS 355,00 1.10
163 AS 355,00 1.10
181 AS 386.,00 le32
221 AS 423,00 1.55
222 ~AS 533,00 2.22
223 AS 531,00 2.22
224 AS 460.00 1.77
232 AS 449,00 1.55
251 AS 463,00 1.77
261 AS 386.00 1.32
262 AS 372.00 1.10
263 AS 363,00 1.10
281 AS 393.00 1.32
362 AS 383,00 1.10
363 AS 393.00 1.10
372 AS 385.00 l1.12
381 AS 401.00 1.32
521 AS 363.00 1.15
522 AS 445,00 1.65
561 AS 335,00 0.9¢
562 AS 314.00 0.82
563 AS 314,00 0.82
572 AS 405.00 l1.22
1151 AS 379.00 1.34
1221 AS 441.00 155
1223 AS 549.00 2.22
1232 AS 464.00 1.55
1241 AS 442,00 1.55
1251 AS 484,00 1.81
1261 AS 406,00 le32
1262 AS 388.00 1.10
1263 AS 387.00 1.10
1281 AS 409.00 1.32
1341 AS 463.00 1.55
1351 AS 499.00 1.81
1361 AS 421.00 l.32
1362 AS 413,00 1.10

Footnotes at end of tablg. -=Continued



Table E.1 (continued)

a/ Crop Estimated Estimated
HPA= activicy cost yield £
code b $/ac. tons/ac.
1451 AS 364,00 l1.18
1461 AS 333,00 0.99
1462 AS 321.00 0.82
1551 AS 369.00 l.18
1561 AS 343,00 0.99
1562 AS 334,00 0.82
1572 AS 357.00 0.82
2121 AS 378.00 l.15
2122 AS 463,00 1.65
2123 AS 460,00 l.65
2124 AS 408.00 1.32
2134 AS 439.00 l.15
2141 AS 381.00 l.15
2142 AS 382.00 1.15
2151 AS 407.00 1.32
2181 AS 355.00 0.99
2223 AS 477.00 1.60
2232 AS 437.00 1.15
2263 AS 375.00 0.82
111 BR 369.00 2+34
112 BR 369.00 2.24%
134 BR 413,00 2.41
141 BR 369.00 2.06
142 BR 373.00 2e2%
151 BR 380.00 2e41
161 BR 399.00 3.10
162 BR 395,00 2.75
163 BR 400,00 2.92
181 BR 359.00 1.72
191 BR 357.00 l.72
224 BR 377.00 2.26
251 B8R 381.00 226
261 BR 396.00 2.91
262 8R 407,00 2.58
263 B8R 403,00 2e Tl
281 B8R 363.00 l.62
362 BR 413,00 2+41
363 BR 427.00 2.56
372 BR 401.00 2.21
381 BR 367.00 1.50
391 BR 350,00 1.50
561 B8R 389.00 2.52
562 BR 387.00 2,24
563 BR 391.00 2437
572 BR «09.00 2.12
1191 BR 356,00 1.68

Footnotes at end of tabdle.
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Table E.1 (continued)

BAal Crop . Estimated Estimﬁg d
HPA= activity cost ield £ ‘
code .‘2; $/ac. tons/ac. |
1241 BR 351.00 la63
1251 BR 361,00 1.90
1261 BR 378.00 ettt
1262 BR 386,00 2.17
1263 BR 389.00 230
1281 BR 348.00 1.36
1291 BR 341.00 le36
134] BR 373.00 l.63
1351 BR 375.00 1.90
1361 BR 393.00 2.44
1362 iR 411.00 2.17
1451 BR 367.00 l.96
1461 BR 385.00 252
1462 BR 390.00 224
1551 BR 371.00 1.96
1561 BR 393,00 252
1562 BR 403.00 224
1672 BR 407.00 1.76
2111 BR 373.00 1.90
2124 BR 385,00 l1.926
2134 BR 432,00 l.96
2141 AR 377.00 1.68
2142 BR 381.00 1.81
2151 BR 385.00 1.96
2181 8R 369.00 1.40
2263 BR 425.00 249
2311 BR 369.00 1.75
2312 BR 373,00 le81
2341 BR 3712.00 l.55
2342 BR 375.00 l1.68
2351 BR 379,00 l1.81
2361 BR 393,00 2.32
2381 BR 363,00 1.29
244} BR 371.00 loe48
2442 BR 376,00 l1.61
2451 BR 379.00 1.73
246) BR 393,00 223
2462 BR 409,00 1.98
2463 BR 399.00 2.10
141 LE 601.00 7.38
142 LE 601.00 T.38
151 LE 681.00 8.91
171 LE 576.00 6.42
2264 LE 682.00 8.71
251 LE 685,00 8.91
371 LE 569.C0 6.13
Footnotes at end of table. ==Continued
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Table E.1
a/ Crop Estimated Estimated

HPA= activity cogt yield &
code b/ $/ac. tons/ac.
1241 LE 591.00 Ts13
1251 LE 667.00 8.61
1341 LE 613.00 Te1l3
1351 LE 683,00 B.61
1451 LE 633,00 Te87
1551 LE 637,00 T«87
2124 LE 661.00 8.12
2141 LE 587.00 6,68
2142 LE 588.00 6,68
2151 LE 659.00 8.12
2341 LE 546.00 5.89
2342 LE 546400 5.89
2351 LE 609.00 T.13
2441 LE 525.00 544
2442 LE 525.00 Selt
2451 LE 586.00 6.63
111 LS 625.00 Te96
112 LS 585,00 Tel2
122 LS 745.00 10.03
123 LS 781,00 10.78
221 LS 717.00 9,65
222 LS 771.00 10.46
223 LS 766400 10,40
522 LS 755,00 9.96
1223 LS 165.00 10.42
2111 LS 637,00 T.82
2122 LS 739,00 Q.47
2123 LS 753,00 9.80
2223 LS 755.00 9.70
2311 LS 588.00 6.86
2312 LS 541,00 S.87
372 CF 513,00 6.22
572 CF 338.00 3,05
1572 CF 465,00 5.02
134 CA 531.00 6.32
141 CA 510,00 6651
142 CA 509.00 6051
161 CA 489,00 6.14
162 CA 514,00 6.51
163 CA 514.00 6.51
171 CA 405,00 435
181 CA 457,00 5.58
261 CA 539.00 Te01
262 CA 581.00 Tebb
263 CA 573,00 Telbb
281 CA 511.00 642

Footnotes at end of table.
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245,

Table E.1 (continued)

a/ | Crop Estimated Estimated
HPA=" |activity |cost _yield &/
code 2 $/ac. tons/ac.

362 CA 647.00 8o 44
363 CA 653,00 8.37
371 CA 479.00 5.58
381 CA 559.00 Ta16
561 CA 389,00 4.38
562 CA 408,00 4465
563 CA 407.00 4.65
1241 CA 455,00 5.58
1261 CA 439,00 526
1262 CA 472.00 5.58
1263 CA 471.00 5.58
1281 CA 412.00 4. T4
1341 CA 476.00 5.58
1361 CA 454,00 5.26
1362 CA 497.00 5.58
1461 CA 423,00 4.91
1462 CA 451.00 5.21
1561 CA 431.00 4.91
1562 CA 464.00 5.21
2134 CA 517.00 5.42
2141 CA 481.00 5.58
2142 CA 482,00 5.58
2181 CA 435.00 4. T4
2263 CA 506,00 5.58
2341 CA 358.00 3.37
2342 CA 357.00 3.37
2361 CA 345.00 3.18
2381 CA 331.00 2.90
112 PO 529.00 9.42
121 PO 539.00 9e 64
122 PO 615.00 12.48
123 PO 561,00 10.40
132 PO 601.00 11.06
134 PO 627.00 11. 44
141 PO 577.00 11.18
142 PO 505,00 8.32
151 PO 599.00 11.96
161 PO 595.00 11.96
162 PO 603,00 11.96
163 PO 550,00 9.88
171 PO 547.00 9.36
181 PO 569.00 10.92
191 PO 531.00 936
221 PO 588.00 11.58
222 PO 619.00 12.48
223 PO 561.00 10.24

Footnotes at end of table. ~=Continued



Table E.1 (continued)

EAa, Crop Estimated Estimated
HPA= activity cost yield £
code b $/ac. tong/ac.
224 PO 601.00 11.96
232 PO 607.00 11. 44
251 PO 605.00 11.96
261 PO 597.00 11.96
262 PO 625.00 11.96
263 PO 561.00 9.88
281 PO 579.00 10.92
362 PO 639.00 11.96
363 PO 601.00 9,88
371 PO 556.00 9.36
372 PO 525.00 8.22
381 PO 591.00 10.92
391 PO 528.00 9.36
521 PO 525.00 9.05
522 PO 577.00 10.82
561 PO 559,00 10.40
562 PO 56T7.00 10.40
563 PO 521.00 8.60
572 PO 532.00 8.22
111 PO 522.00 9.29
1151 PO 633.00 13.00
1191 PO 549.00 10.12
1451 PO 531.00 9.33
1461 PO 531.00 9.33
1462 PO 549.00 9.33
1551 PO 534.00 9.33
1561 PO 539.00 9.33
1562 PO 564.00 9.33
1572 PO 498.00 6,40
2111 PO 507.00 7.84
2121 PO 519.00 8.11
2122 PO 569.00 9.73
2123 PO 525.00 8.11
2124 PO 555400 9.33
2131 PO 531.00 7.71
2134 PO 605.00 8,92
2141 PO 539,00 8.72
2142 PO 449.00 5,10
2151 PO 554.00 9.33
2181 PO 534,00 8.53
121 T0 440,00 19.34
122 T0 449.00 20,02
123 T0 461.00 21. 74
132 T0 443,00 16.15
134 T0 431.00 12.74
141 T0 455.00 21.36

Footnotes at end of table.
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Table E.1 (continued)

a/ Crop Egtimated Estimated

HPA= activt;y cost yield &
code — $/ac, tong/ac.

142 T0 453,00 21.36
151 T0 453,00 20.81
161 T0 431,00 19.11
162 T0 399,00 l4.56
163 T0 399,00 14,56
181 T0 379.00 12.74
221 TO 431.00 18.20
222 10 455,00 20,02
223 T0 465,00 21.47
224 T0 457.00 20.98
232 T0 465,00 19.39
251 10 463.00 20.98
261 T0 435,00 19.11
262 T0 4©27.00 14,56
263 Y0 413,00 14,56
281 T0 392,00 12. 74
362 TO0 446,00 14.56
363 T0 464,00 14.56
372 TO 389.00 10,92
381 TO 408,00 12. 74
521 TO 369.00 10,61
522 T0 385.00 11,68
561 T0 369.00 11.14
562 T0 353,00 Bes 49
563 TO 352.00 8.49
572 TO 361.00 6437
1151 T0 367.00 17.95
1221 T0 407.00 16.69
1223 To 449,00 20.87
1231 T0 395,00 12.52
1232 T0 445,00 18.39
1241 T0 422.00 18.39
1251 T0 431.00 19.11
1261 70 415,00 17.53
1262 10 405,00 13.35
1263 T0 405.00 13.35
1281 TO 371.00 11.68
1341 T0 443,00 18.39
1351 O 445,00 19.11
1361 TO 430,00 17.53
1362 T0 435,00 13.35
1451 T0 429,00 18.47
1461 70 409,00 16.17
1462 T0 396,00 12.32
1551 T0 431.00 18.47
1561 T0 417.00 16,17

Footnotes at end of table.
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Table E.l1 (continued)

a/ Crop Estimated Estimated
HPA= activity | cost yield £
code b $/ac. tons/ac.
1562 TO 413.00 12.32
1572 T0 399.00 9.78
2121 T0 404,00 12.89
2122 TO 425,00 14.18
2123 10 437.00 16.11
2124 TO 429.00 15.24
2131 T0 401,00 Q.67
2134 TD 449,00 9.03
2141 TO 422.00 14.50
2142 TO 429,00 15.22
2151 10 427.00 15.24
2181 T0 374.00 9.03
2223 T0 465.00 18.85
2232 TO 461.00 15.16
2263 TO 440,00 12.13
2321 TO 367.00 9.10
2323 TO 396.00 11.37
2331 TO 364.00 6.82
2341 T0 389.00 10.92
2342 TO 388.00 10.92
2351 T0 403,00 12.49
2361 T0 369.00 9.55
2381 T0 346,00 6.37
111 CN 97.00 1.65
112 CN 101.00 2.09
121 CN 106.00 224
122 CN 108,00 1.87
123 CN 107.00 1.87
132 CN 127.00 1.85
134 CN 143,00 1.94
141 CN 107.00 2.58
142 CN 104.00 2.09
151 CN 109.00 2.69
161 CN 103,00 2.42
162 CN 111.00 2444
163 CN 109,00 2,02
171 CN 130.00 1.90
181 CN 103.00 1.91
191 CN 102.00 1.68
221 CN 105.00 2.09
222 CN 111.00 1.75
223 CN 109.00 1.80
224 CN 111.00 262
232 CN 123.00 172
251 CN 115.00 2.62
261 CN 105.00 235
Footnotes at end of table. ==Continued
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249,

Table E.1 (continued)

a/ Crop Estimated Estimatyd
HPA= activity cost yield £ |
code B S$/ac. tons[ac .
262 CN 13¢.00 2.24%
263 CN 118,00 1.87
281 CN 111,00 le79
362 CN 143,00 2«14
363 CN 154,00 l.72
371 CN 140.00 l.65
372 CN 137,00 1.92
381 CN 121.00 1.65
Nl CN 99,00 1.45
521 CN 106,00 1.50
522 N 111,00 1.25
561 CN 105,00 1.73
562 CN 113,00 1.67
563 CN 111,00 1.33
572 CN 147,00 lo48
1151 CN 99,00 265
1191 CN 102,00 1.68
1221 CN 97.00 1.94
1223 CN 101.00 1.62
1231 CN 115,00 1.60
1232 CN 115.00 1.60
1241 CN 100.00 2.24
1251 CN 101,00 2428
1261 CN 99,00 2.14
1262 CN 120.00 2.09
1263 CN 118,00 le72
1281 CN 102.00 1.65
1291 CN 93,00 1l.45
1341 CN 121.00 2.2%
1351 CN 117.00 2.28
1361 CN 114,00 2.14
1362 CN 147,00 2.09
1451 CN 104,00 1.87
1461 CN 101,00 1.61
1462 CN 119.00 1.65
1551 CN 107.00 1.87
1561 CN 109.00 1.61
1562 CN 133,00 1.65
1572 CN 155.00 le48
2111 CN 117.00 1.55
2121 CN 123,00 le63
2122 CN 129,00 1.36
2123 CN 126.00 1.36
2124 CN 129,00 2.06
213] CN 141,00 134
2134 CN 180,00 l.41

Footnotes at end of table, ==Continued



Table E.1 (continued)

a/ Crop Estimated Estimated
HPA= activity | cost yield £
code b/ $/ac. tons/ac.
2141 CN 127.00 l.94
2142 CN 127.00 1.58
2151 CN 127.00 2.06
2181 CN 125.00 1.37
2223 CN 129,00 l.54
2232 CN 149.00 la4l
2263 CN 155.00 l.61
2311 CN 116.00 1.32
2312 CN 119.00 1.50
2321 CN 119.00 1.50
2323 CN 125.00 1.25
2331 CN 131.00 1.23
2341 CN 125.00 1. 75
2342 CN 123.00 l.45
2351 CN 126.00 1.87
2361 CN 119.00 1.75
2381 CN 121.00 l1.28
2441 CN 125.00 1.40
2442 CN 125.00 1.16
2451 CN 127.00 l.52
2461 CN 121.00 1.50
2462 CN 150.00 1.34
2463 CN 133,00 1.21
122 BF 2143 044
123 BF 21.45 0.45
132 BF 21.54 0.49
141 BF 21.97 0.69
142 BF 21467 0.55
151 BF 21.95 0.68
161 8F 21.60 0.52
181 BF 21.43 Qe 44
191 BF 2137 0.41
222 B8F 21.43 0.44
223 BF 21.43 Oe 44
224 BF 21.97 0.69
232 BF 21,45 0.45
251 BF 22.16 0.77
261 BF 21.60 0.52
281 BF 2l.43 Oe44%
381 BF 21.43 Qe d4
391 BF 21.37 0.41
522 BF 21.21 0.34
561 BF 21.39 0.642
1223 BF 21.45 0.45
1231 BF 21.56 0.50
1232 BF 2154 0.49
Footnotes at end of table. ~=Continued
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Table E.1 (continued)

a/ Crop Estimated Eastimated

HPA= ac t:l.vt fy | cost yield £
code ~ $/ac. tons/ac.

1241 BF 21.93 0.67
1251 BF 21.97 0.69
1261 BF 21.60 0.52
1281 BF 21.41 0.43
1291 BF 21.32 0.39
1341 BF 2l.19 0.33
1351 BF 21.21 0.34
1361 BF - 2104 0.26
1381 BF 2l.1l1 0.29
1451 BF 21.93 0.67
1461 BF 2l.43 .44
1551 BF 21l.19 0.33
1561 BF 20.96 0.23
2122 BF 20.93 0.22
2123 BF 20.93 0.22
2124 BF 21.28 0.37
2131 BF 20.98 0.24
2134 BF 20.85 0.18
2141 BF 21.24 0.35
2142 BF 21.11 0.29
2151 BF 21.28 0.37
2181 BF 21.02 0.25
2223 BF 21.09 0.28
2232 BF 21.06 0.27
2323 BF 20.91 0.21
2331 BF 20.96 0.23
2341 BF 21.21 0.34
2342 BF 21.02 0.25
2351 BF 21.26 0.36
2361 8F 20.96 0.23
23711 BF 21.17 0.32
2381 BF 20.91 0.21
2391 8F 20.89 0.20
2441 8F 21l.15 0.31
2442 BF 21.00 0.24
2451 BF 21.17 0.32
2461 BF 20.89 0.20
2463 8F 20.89 0.20
112 BN 47.00 0.94
121 BN 47.00 0.92
221 BN 47.00 0.75
521 BN 47.00 0.58
1221 BN 4T.00 0.77
2121 BN 46,00 0.36
2312 8N 46,00 0.45
2321 BN 46.00 0.43

Footnotes at end of table. ==Continued



Table E.1 (continued)

a/ Crop Estimated Estimated
HPA= activity cost yield £
code b $/ac, tons/ac.
141 Bl 63,00 1.78
142 BI 63.00 1.76
151 81 63.00 1.76
161 BI 61.00 1.76
162 BI 63.00 1.68
163 BI 63.00 1.64
171 BI 69.00 1l.76
181 BI 63.00 1.76
191 Bl 63.00 1l.76
251 B1 66.00 1.76
261 BI 63.00 1.76
262 BI 76.00 1.66
263 BI 69.00 1«67
281 BI 68.00 1.76
362 BI 84,00 1.75
363 BI 91.00 l1.78
371 BI 75.00 la76
381 BI 75.00 1.76
391 Bl 62.00 1.76
1151 BI 58,00 1laT6
1191 B1 63.00 1l.84
1241 BI 61.00 1.76
1251 Bl 61.00 1.76
1261 BI 61.00 1.76
1262 B1 73,00 1.83
1263 BI 72.00 176
1281 BI 64.00 l1.76
1291 BI 59.00 1.60
1341 BI 83.00 1.76
1351 Bl 77.00 1.76
1361 Bl 76.00 1.76
1362 BI 96.00 1.83
111 GS 73.00 l.36
112 GS 73.00 1.29
121 GS T79.00 l.84
171 GS 26.00 1.94
181 GS 74.00 1.75
191 GS 73.00 1l.36
221 GS 79.00 l.84
281 GS 83,00 .75
371 GS 105.00 l1.78
381 GS 93.00 1.60
391 GS 71.00 1l.24
521 GS 75.00 1.38
1191 GS 73.00 1.36
1221 GS 73.00 1.69
Footnotes at end of table. -=Continued
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Table E.l (continued)

a/ Crop Estimated Estimated
HPA= activt’y  cost yield &/
code = 57;;. tong/ac.

1281 GS 76.00 1.60
1291 GS 67.00 l.24
2111 GS 93.00 0.87
2121 GS 99.00 1.69
2181 GS 99.00 1.53
2311 GS 93.00 0.78
2312 GS 94.00 0.78
2321 GS 96.00 1.53
2381 GS 95.00 l.45
111 AL 106.00 3.73
112 AL 113.00 boate
121 AL 116.00 3.86
122 AL 134.00 5.38
123 AL 123,00 5.31
132 AL 169.00 496
134 AL 204.00 5.38
141 AL 125.00 5.T6
142 AL 125.00 5.53
151 AL 133,00 6.01
161 AL 126.00 5.73
162 AL 141.00 6.06
163 AL 139.00 5484
171 AL 143.00 4.55
181 AL 115,00 40,97
191 AL 97.00 3.73
221 AL 123.00 4.69
222 AL 141.00 5.38
223 AL 130.00 5.53
224 AL 138.00 5.98
232 AL 161.00 5.08
251 AL 145.00 5.98
261 AL 135.00 6.33
262 AL 183,00 6.23
263 AL 159.00 6.02
281 AL 131.00 4.97
362 AL 209.00 6.22
363 AL 233.00 6.04
371 AL 167.00 Selé
372 AL 178.00 6.02
381 AL 152.00 5.43
391 AL 93.00 3,73
521 AL 122.00 3.39
522 AL 141.00 4e43
561 AL 132,00 4,89
562 AL 145,00 497
563 AL 145.00 4.97

Footnotes at end of table.
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Table E.l (continued)

a/ | Crep Estimated Egstimated
HPA~ | activify | cost yield ¢/
code = $/ac. _tons/ac. |
572 AL 195.00 5.28
1151 AL 129.00 5.68
1191 AL 96,00 3.59
1221 AL 104.00 3.40
1223 AL 113,00 4043
1231 AL 144,00 3.62
1232 AL 145,00 Ho47
1241 At 111.00 4,64
1251 AL 119.00 4,94
1261 AL 119,00 44,89
1262 AL 163.00 5.51
1263 AL 158.00 497
1281 AL 113.00 4,08
1291 AL 81.00 3.07
1341 AL 132.00 4e 64
1351 AL 132.00 4.94
1361 AL 133.00 4,89
1362 AL 197.00 551
1451 AL 125.00 5.20
1461 AL 125,00 S«.31
1462 AL 160.00 5.56
1551 AL 123,00 5.20
1561 AL 135,00 5.31
1562 AL 181.00 5¢56
1572 AL 195,00 5.23
2111 AL 130.00 3.47
2121 AL 140,00 3.85
2122 AL 163.00 5.01
2123 AL 150.00 5.01
2124 AL 161.00 5429
2131 AL 185.00 4e11
2134 AL 269.00 5.01
2141 AL 155.00 5.20
2142 AL 159.00 5.09
2151 AL 159.00 5.29
2181 AL 145,00 4e32
2223 AL 157.00 4.91
2232 AL 203.00 4,61
2263 AL 225,00 Se43
2311 AL 126.00 2.91
2312 AL 133,00 3.73
2321 AL 131.00 3.22
2323 AL 143,00 4,20
2331 AL 163.00 3.42
2341 AL 146,00 4.52
2342 AL 149.00 4.52
Footnotes at end of table. ==Continued
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Table E.1 (continued)

a/ Crop Estimated Estimated
HPAR activity | cost yield ¢/
code 2 $/ac. tons/ac. |

2351 AL 153.0C 4,65
2361 AL 144,00 4465
238} AL 135.00 3,86
244) AL 147.00 4,18
2442 AL 153,00 4,18
2451 AL 155,00 4.27
2461 AL 147,00 4,30
2462 AL 205,00 4.36
2463 AL 173,00 4,51
111 BE 97.00 0.53
112 BE 97.00 0.51
121 BE 112,00 0.91
122 BE 117.00 0.99
123 BE 113,00 0.91
132 BE 129.00 0.82
134 BE 142,00 0.76
14} BE 105,00 0.75
142 BE 103,00 0.69
151 BE 109.00 0.77
161 BE 100,00 0.61
162 BE 109,00 0.77
163 BE 107.00 0.72
181 BE 98.00 0,53
221 BE 109.00 0.80
222 BE 121.00 0.99
223 BE 116.00 0.91
224 BE 109.00 0.72
232 BE 125,00 0.79
251 BE 115,00 0.82
261 BE 105.00 0.69
262 BE 127.00 0.72
263 BE 117.00 0.72
281 BE 107.00 0.53
362 BE 161,00 0.76
363 8E 154.00 0.76
el BE 116.00 0.53
521 BE 111,00 0.82
522 BE 118,00 0.89
561 BE 101.00 0.54
562 RE 109,00 0.69
563 BE 108.00 0.69
1221 BE 101.00 0.69
1223 BE 105.00 0.69
123) BE 115.00 0.63
1232 BE 116,00 0.66
1241 BE 97.00 0.55
Footnotes at end of table. =«Continued
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Table E.1 (continued)

a/ Crop Estimated Estimated

HPA= activt;y cost yield E.
code = $/ac. tons/ac.

1251 BE 99.00 0.56
1261 BE 96.00 0.45
1262 BE 117.00 0.57
1263 BE 116,00 0.57
1281 BE 97.00 0.40
1341 BE 119.00 0.55
1351 BE 115,00 0.56
1361 BE 111,00 0.45
1362 8E 143.00 0.57
1451 BE 101,00 0.58
1461 BE 97.00 0u43
1462 RE 114,00 0.54
1551 BE 105.00 0.58
1561 BE 105.00 0.43
1562 BE 128.00 0.54
2111 BE 112.00 0.37
2121 BE 123,00 0.64
2122 BE 131.00 0.69
2123 BE 127.00 0.64
2124 BE 124,00 0.54
2131 BE 138,00 0.59
2134 BE 175.00 0.53
2141 BE 121.00 0.53
2142 BE 122.00 0.53
2151 BE 125,00 0.61
2181 B8E 117.00 0.37
2223 BE 131.00 0.62
2232 BE 148,00 0.59
2263 BE 153,00 0.53
2311 BE 110,00 0.28
2312 BE 111,00 0.28
2321 BE 117.00 0.48
2323 BE 123,00 0.48
2331 BE 126,00 0.45
2341 BE 117.00 0.41
2342 BE 117,00 0.41
2351 BE 119.00 0.41
2361 BE 111.00 0.32
2381 BE 111,00 0.28
26441 BE 117.00 0.38
2442 BE 119,00 0.38
2451 BE 121.00 0.41
2461 BE 113.00 0.30
2662 BE 142,00 0.38
2463 BE 127.00 0.45
1231 R1 239,00 1.75

Footnotes at end of table.
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Table E.1 (continued)
a/ Crop Estimated Estimated
HPA= activity cost yield &
code B $/ac. tons/ac.

1232 RI 239.00 1.75
1241 RI 193.00 2.56
1251 RI 196.00 1.90
1261 RI 191.00 2.04
1262 R1 241.00 2.06
1263 RI 239,00 2.09
1341 R1 195.00 256
1351 R1 192.00 1.90
1361 RI 190.00 2.04
1362 RI 275.00 2.06
1451 R1 205.00 1.60
1461 RI 197.00 1.93
1462 RI 249.00 1.93
1551 RI 182.00 1.60
1561 RI 199,00 1.93
1562 RI 277,00 1.93
1572 RI 236.00 2.45
2124 RI 281.00 1.75
2131 RI 339.00 1.75
2134 RI 509.00 2.67
2141 RI 281.00 2.67
2142 RI 286.00 2.52
2151 RI 273.00 1.75
2232 RI 348.00 1.91
2331 RI 254.00 1.50
2341 RI 241.00 2.29
2342 RI 241.00 2029
2351 RI 239,00 1.50
2361 RI 219,00 1.81
2441 RI 247.00 2.21
2442 RI 251.00 2.29
2451 RI 249.00 1.65
2461 RI 228.00 1.81
26462 RI 297.00 l.81
2463 RI 250.00 1.81
134 SI 93.00 1l.04
141 Sl 51.00 1.08
142 SI 50.00 1.08
151 S1 53.00 l1.04
161 SI 47.00 1.04
162 S1 52.00 1.22
163 SI 52.00 l.22
171 SI 55.00 0.70
181 S1 49.00 0.87
224 SI 55.00 1.04
251 SI 61.00 1.04

Footnotes at end of table.
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Table E.1 (continued)

a/ Crop Estimated Estimated
HPA= activg}y  cost yield £/
code 2 $/ac. tons/ac.
261 SI 49.00 1.04
262 S1 77.00 l.22
263 SI 63.00 1.22
281 SI 60,00 0.87
362 S1 92.00 1.20
363 S1 107,00 l.22
371 S1 65,00 0.70
372 SI 63.00 1.22
381 Sl 73.00 0.87
562 S1 52.00 0.52
563 S1 52.00 0.52
572 SI 66.00 0.52
1151 SI 39.00 1.13
1241 S1 47.00 0.77
1251 S1 49,00 0.82
1261 SI 47.00 0.70
1262 S1 67.00 0.66
1263 S1 67.00 0.66
1281 S1 51.00 0.30
1341 SI 67.00 0.77
1351 S1 63,00 0.82
1361 SI 61.00 0.70
1362 S1 95.00 0.66
1451 SI 49.00 0.59
1461 S1 47.00 0.59
1462 S1 65.00 0. 74
1551 SI 52.00 0.59
1561 SI 56.00 0.59
1562 SI 80.00 0.74
1572 S1 81.00 0.90
2134 SI 143,00 0.70
2141 SI 80.00 0.77
2142 SI 81.00 0.77
2151 SI 79.00 0.70
2181 S1 79.00 0.57
2263 SI 114,00 0.66
2341 SI 77,00 0.59
2342 SI 77.00 0.59
2351 SI 78.00 0.56
2361 S1 71.00 0.56
2381 S1 75.00 0.47
121 S8 267,00 22.09
122 S8 277.00 24.43
123 S8 273.00 23.60
132 S8 303.00 24435

Footnotes at end of table.
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Table E.1 (continued)

a/ Crop Estimated Estimated
HPA= activt’y |cost yield £
code = $/ac, tons/ac.

134 S8 319.00 24,46
141 S8 239,00 20.27
142 S8 237.00 19. 77
151 58 263,00 21.28
161 s8 245,00 2l.14
162 S8 255,00 2l.14
163 SB 255,00 21.06
171 S8 295,00 17.61
181 S8 235,00 19.57
191 S8 229.00 15.66
221 S8 271.00 23,21
222 SB 285,00 25.73
223 S8 279.00 24.44
224 SB 269.00 21.66
232 SB 299.00 24,93
251 S8 275,00 2l.66
261 S8 253,00 22.59
262 S8 287,00 20,48
263 SB 272.00 21.51
281 S8 251,00 19.57
362 SR 309.00 21.29
363 SB 333,00 22.11
371 S8 307.00 17.61
372 S8 315.00 22.22
381 S8 270,00 19.57
391 SB 225.00 15.66
521 SR 260,00 19.24
522 58 274,00 21.20
561 S8 242.00 17.61
562 S8 253,00 17.61
563 S8 255,00 18.43
572 S8 319.00 18.75
1151 S8 256,00 20.26
1191 SB 225,00 14.58
1221 S8 259,00 22.11
1223 S8 269.00 23.43
1231 SB 283,00 22.51
1232 S8 288.00 24.24
1241 S8 226,00 18.41
1251 S8 252.00 20.12
1261 58 241,00 20.71
1262 S8 273,00 20,40
1263 S8 274,00 21.19
1281 S8 235,00 18.75
1291 S8 213,00 14.98
1341 SB 247,00 18.41

Footnotes at end of table.
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Table E.1 (continued)

a/ Crop Estimated Es t:l.matﬁd
HPA= activyiy cost yield £

code = $/ac. tons/ac, |

1351 S8 265.00 20,12
1361 SB 255.00 20,71
1362 S8 303,00 20.40
1451 S8 257.00 19.77
1461 S8 245,00 20.16
1462 S8 271.00 20.22
1551 S8 257.00 19.77
1561 S8 253.00 20.16
1562 SB 289,00 20,22
1572 SB 331.00 20.47
2121 S8 283,00 20.74
2122 SB 29T7.00 22.80
2123 S8 291.00 21.97
2124 SB 289,00 19.91
2131 SR 308,00 21.08
2134 S8 367.00 21.97
2141 S8 260,00 17.57
2142 SB 263,00 17.97
2151 58 284,00 19.91
2181 SB 259,00 1757
2223 S8 288,00 19.51
2232 SB 315.00 19.82
2263 S8 315.00 17.91
2321 S8 271.00 17.32
2323 sSB 281,00 18.34
2331 SB 289,00 17.61
2341 SB 249,00 14,68
2342 S8 251,00 15.41
2351 S8 274.00 16,67
2361 SB 251.00 15.85
2381 SB 245,00 14,68
2441 SB 249.00 13.59
2442 sB 253.00 14,26
2451 SB 275.00 15.15
2461 S8 253.00 14.68
2462 SB 299.00 14,68
2463 SB 274.00 15.35
bales/ac.

161 cT 208,00 1.73
162 CcT 221.00 1. 94
163 cT 221.00 l.924
171 cT 213,00 1.17
261 CT 211.00 1.73
262 cT 245,00 1.94
263 CcT 233,00 1.94

Footnotes at end of table.

==Continued
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Table E.l1 (continued)

a/ | crop Estimated Estimat;d
npa2 activi;y  cost yield £
code 2 $/ac, balea[ac.
362 cy 269.00 2.09
363 cT 285,00 2.09
371 cT 227.00 1.27
372 cy 282.00 2.60
561 cT 211.00 1.58
562 cY 221.00 1.73
563 cY 220,00 1.73
572 cY 293.00 2.60
1261 cY 209.00 1.94
1262 cT 235,00 2.09
1263 cT 235.00 2.09
1361 cY 223,00 1.94
1362 cY 263,00 2.09
1461 cT 203,00 l1.58
1462 cT 225,00 1.73
1561 cT 212,00 l1.58
1562 cT 241,00 1.73
1572 CcY 256.00 1.73
2263 CT 264,00 l1.84
2361 cY 213,00 1.43
2461 cY 213,00 1.33
2462 cY 249,00 l.48
2463 cT 229,00 1.48

a/ The first two digits of the HPA code identify

soil;

On a three digit HPA, & zero is assumed before

the last two digits identify climate.

the first digit recorded.

b/ crop
AS
BR
LE
LS
CF
CA
PO
TO
CN
BF

BN
BI

ctivity legend:

asparagus

broccoli

lettuce, fall or spring

lettuce, summer

cantaloupes, fall or spring
cantaloupes, summer

potatoes, U.S.D.A, No, 1's

tomatoes for processing

corn

barley (fallow); yield estimates are
1/2 expected yield in year grown;
cost estimates are 1/2 combined cost
of one year falloy and one year barley
barley (nonirrigated)

- barley (irrigated)

==Continued

201,



262.

Table E.1 (continued)
b/ (continued)

GS - grain sorghum

AL - alfalfa

BE - dry beans

RI - rice

SI - safflower, irrigated

SB - sugar beets

CT - cotton, solid plant; yield estimates
are for gross lint weight.

¢/ The refinement of yield estimation to two
decimal places is not intended to reflect
the degree of accuracy assumed. Original
estimation was rough and sometimes made in
whole numbers only. But to assure that
the estimates in 1980 are relatively the
same as originally derived for average
1961-65, it is necessary to carry the esti-
mates to more decimal places. It is
relative yield differences and not absolute
differences that determine the linear
programming optimal solution.
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TABLE E.2
Estimated Base Period Annual Crop Yield and Total

"Nonland Cost per Acre, Broccoli-Lettuce
Double Crop Activities

Broccoll b/

a/ lettuce Estimated Estimated yield— |

AT | aceiviey | cost “Hroccoli | Letruce]

code $/ac. tons/ac.

121 BL 1043,00 3.45 B8.94
122 BL 1117.00 3.63 10.03
123 BL 1145,00 3.37 10.78
132 BL 1083.00 261 9.39
221 8L 1065.00 2.91 .65
222 BL 1131.00 3.05 10. 46
223 BL 1127.00 3.16 10,40
232 8L 1075.00 227 92.50
521 BL 1021.00 2.52 8.76
522 8L 1109.00 274 9.96
1221 8L 1005.00 2e44 8.87
1223 BL 1105.00 266 10.42
1231 BL 1065.00 2.30 9.47
1232 BL 1052.00 2.18 ?.29
2121 8L 997.00 2¢52 8.35
2122 BL 1083.00 2.74 9e47
2123 BL 1094.,00 2+ T4 9.80
2131 BL 1057.00 2.37 8,91
2223 BL 1105.00 2.76 9.70
2232 8L 1076.00 2«19 ?.05
2321 BL 939.00 2.41 7.32
2323 BL 1027.00 2453 8.60
2331 BL 983,00 2.19 782

a/ The first two digits of the HPA code identify soil, the

last two digits identify climate.

On a three digit HPA,

b/

a zero is assumed before the first digit recorded.

The refinement of yleld estimation to two decimal places
is not intended to reflect the degree of accuracy assumed.
Original estimation was rough and sometimes made in whole
numbers only. But to assure that the estimates in 1980
are relatively the same as originally derived for average
1961-65, it is necessary to carry the estimates to more
decimal places. It is relative yield differences and not
absolute differences that determine the linear program-
ming optimal solution.



TABLE E.3

Estimated Base Period Annual Crop Yield
and Total Nonland Cost per Acre,
Lettuce Double Crop Activities

in One Seasonal Group a/

b/ Crop Estimated Estimaaid
HPA= activity cost yield =
code € $/ac. tons/ac.
121 LL 1317.00 17.88
122 LL 1448.,00 20.06
123 LL 1521.00 21.56
132 LL 1401.00 18,77
134 LL 1321.00 16.67
161 LL 1286.00 17.23
162 LL 1265.00 16.63
163 £l 1265.00 16.63
221 LL 1391.,00 19.30
222 LL 1500.00 20.93
223 LL 1489.00 20.81
232 LL 1408.00 19.01
261 LL 1290.00 17.23
262 LL 1297.00 16.63
263 LL 1280.00 16.63
362 LL 1280.00 15.88
363 LL 1301.00 15.88
521 LL 1319.00 17.52
522 LL 1469.00 19.92
1221 LL 1312.00 1T7.74%
1223 LL 1489,00 20,85
1231 LL 1404.00 18,95
1232 LL 1385.00 18.57
1261 LL 1264,00 16.63
1262 LL 1269.00 16.14
1263 LL 1268.00 l16.14
1361 ti 1278.00 16,63
1362 LL 1299.00 l16.14
1461 LL 1201.00 15.25
1462 LL 1200.00 14.75
1561 LL 1209.00 15.25
1562 LL 1218.00 14.75
2121 LL 1271.00 16.69
2122 LL 1415.00 18.95
2123 LL 1441.00 19.60
2131 LL 1361.00 17.82
2134 LL 1291.00 15.15
2223 LL 1455.00 19.40
2232 LL 1400.00 18.10
2263 LL 1273.00 15.36
2321 LL 1163.00 14.63
2323 LL 1319.,00 17.21
2331 LL 1238,.00 15.64
2361 Lt 1125.00 13.76
2461 LL 1080,00 12,77
372 LW 1447,00 19,30

Footnotes at end of table.
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Table E.3 (continued)

b/ Crop Estimated Eatimagyd
HPA~= activity cost yield —
code £ $/ac. tonsfac. |
572 LW 1463,00 19.01
1572 LW 1399.00 18.02

a/ cost and yield parameters are for two crops
of winter or one crop each of fall and spring
lettuce.

b/ The first two digits of the HPA code identify
goil, the last two digits identify climate.
On a three digit HPA, a zero is assumed before
the first digit recorded.

¢/ Crop activity legend:
LL - lettuce, fall and spring
LW - lettuce, winter.

d/ The refinement of yield estimation to two
decimal places is not intended to reflect
the degree of accuracy assumed. Original
estimation was rough and gsometimes made in
whole numbers only. But to assure that the
estimates in 1980 are relatively the same
as originally derived for average 1961-65,
it is necessary to carry the estimates to
more decimal places. It is relative yield
differences and not absolute differences
that determine the linear programming optimal
solution.



TABLE E.4
Estimated Base Period Annual Crop Yield and Total

Nonland Cost per Acre, Fall or Spring and

Summer Lettuce Double Crop Activities

a/ Lettuce Estimated Estimated lettuce yieldgl
HPA= activity cogt f
code all or sprin gummer
$/ac. tons/ac.
121 LO 1317.00 8.94 8. %4
122 LO 1448,00 10.03 10.03
123 Lo 1521.00 10.78 10.78
132 LO 1401.,00 9.39 9.39
221 Lo 1391,00 %.65 9.65
222 LO 1500.00 10.46 10.46
223 L0 1489,00 10.40 10,40
232 LO 1408,00 9.50 92.50
521 LO 1319.00 B8.76 8.76
522 Lo 1469.,00 ?.96 .96
1221 LO 1312.00 8.87 8.87
1223 Lo 1489,00 10.42 10.42
1231 Lo 1404,00 .47 9.47
1232 Lo 1385.00 9.29 9.29
2121 LO 1271.00 8.35 835
2122 LO 1415.00 Q.47 Q47
2123 LD 1441.00 9.80 9.80
2131 LO 1361.00 8.91 B8.91
2223 L0 1455,00 9.70 9.70
2232 Lo 1400.00 9.05 9.05
2321 LN 1163.00 T.32 Te32
2323 Lo 1319.00 8.60 8.60
2331 LO 1238.00 T.82 T.82

a/ The first two digits of the HPA code identify soil, the

last two digits identify climate.

On a three digit HPA,

a zero is assumed before the first digit recorded.

b/ The refinement of yield estimation of two decimal places

is not intended to reflect the degree of accuracy assumed.
Original estimation was rough and sometimes made in whole
But to assure that the estimates in 1980
are relatively the same as originally derived for average

numbers only.

1961-65, it is necessary to carry the estimates to more
decimal places.
abgsolute differences that determine the linear program-
ming optimal solution.

It is relative yield differences and not

266.
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TABLE E.5

Estimated Base Period Annual Crop Yield and Total
Nonland Cost per Acre, Barley-Grain Sorghum
Double Crop Activities &/

b/ Barley- Estimated yield &/
HPA~ sorghum Estimated Barley, Grain
activity cost irrigated sorghum
code $/ac. ton§4gg.

122 BG 101.00 l.41 l1l.40
123 BG 98.00 l.41 ls40
132 B8G 124.00 l.41 1.55
134 BG 175,00 l.76 1.94
141 BG 95.00 le43 l.88
142 BG 93.00 le4l 1,65
151 BG 104,00 1.50 1.97
161 86 101.00 1.50 1.80
162 BG 112.00 1.51 1.94
163 BG 111,00 1.47 1L.72
222 BG 106,00 la4l 1.40
223 86 103.00 l.41 1.40
224 BG 107.00 1.50 2.00
232 86 119.00 l.e4l 155
251 BG 112,00 1.50 2.00
261 86 104.00 1.50 2.01
262 BG 141.00 149 1.97
263 86 126,00 1.50 1,79
362 BG 161,00 1.58 1.89
363 BG 179,00 1.61 1.73
522 86 101.00 1.20 1.05
561 BG 98,00 1.27 1.43
562 BG 109,00 1.35 1.57
563 8G 109.00 1.35 l.38
572 8G 147,00 l.31 l.68
1151 BG 83,00 1.50 2.01
1223 BG 95,00 le41 1,28
1231 BG 111.00 1.41 1.42
1232 BG 111.00 l.41 1l.42
1241 BG 93.00 le4l 1.65
1251 8G 100.00 1.50 1.83
1261 BG 101.00 1.50 1.78
1262 B8G 133,00 1.65 1.88
1263 8G 131,00 1.59 1.68
1341 B8G 114,00 l.41 1l.65
1351 BG 115.00 1.50 1.83
1361 BG i15.00 1.50 1.78
1362 BG 161.00 1l.65 1.88
1451 BG 101.00 1.22 1.51
1461 BG 101.00 1.27 1.29
1462 BG 127.00 1.35 1l.54
1551 BG 103.00 1.22 1.51
1561 86 109.00 1.27 1.29
1562 BG 145,00 1.35 le54%
L}572 B8G 163.00 145 le48

Footnotes at end of table. ==Continued



Table E.5 (continued)

268.

b/ Barley- | Estimated yield S/ .
HPA— sorghum Estimated Barley, Grain
activity cost irrigated sorghum
code $/ac. tons/ac.
2122 868G 129.00 1.20 1.28
2123 BG 124,00 1.20 l.28
2124 BG 130.00 .27 1.78
2131 BG 141,00 l.20 le42
2134 BG 229.00 1.50 1.70
2141 86 121,00 1.20 1.60
2142 86 123,00 1.20 le46
2151 86 128.00 1.27 l1.78
2223 BG 129.00 1.20 1.33
2232 BG 155,00 1.20 la42
2263 BG 179.00 1.35 le b4
2323 B8G 123,00 1.20 l.16
2331 BG 129,00 1.20 1.30
2341 BG 119.00 1.20 155
2342 BG 119,00 1.20 1.3%
2351 86 127.00 1.27 1.64
2361 BG 122.00 1.27 1.65
2441 86 121.00 0.99 1.30
2442 86 121.00 0.99 l1.26
2451 BG 129.00 1.05 1.45
2461 BG 125.00 1.05 1.36

a/ See Table
procedure
estimates

b/ The first

D.1 for adjustment factors and Chapter 6 for
used to modify grain sorghum cost and yield
per harvested acre to obtain model parameters.

two digits of the HPA code identify soil, the
last two digits identify climate.

On a three digit HPA,

a zero is assumed before the first digit recorded.

c/ The refinement of yield estimation of two decimal places
is not intended to reflect the degree of accuracy assumed.
Original estimation was rough and sometimes made in whole

numbers only.

But to assure that the estimates in 1980

are relatively the same as originally derived for average
61-65, it is necessary to carry the estimates to more

decimal places.

It is relative yield differences and not
absolute differences that determine the linear program-
ming optimal solution.
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OUTPUT RESTRAINTS
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APPENDIX G

STUDY CROP ACREAGE, ACTUAL AND ESTIMATED MODEL REQUIREMENTS
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TABLE G.12

Study Crop Acreage and Imputed Value of Restricting Variable

by HPA, Model 1980C Estimates

285,

HPA | Crop activity Acreage Restricting Imputed rent to
a/ b/ creas variable ¢/ restricting variable
1,000 acres dollars per unit
Vegetable crops:
0123 | Asparagus 5.8 D -302.22
0223 " 35.0 L 41.43
0161 | Broc. (sc) 11.6 D -146,47
0121 | Broc. Let. 10.0 L 34.60
0122 " " 14.0 L 61.25
0123 " " 17.7 D -76.90
0123 | Let. (s, sc) 4,7 L 44.43
0522 " " 2.7 D -86.26
1223 " " 31.0 L 30.75
0372 " (w, dc) 21.9 D -85.38
0362 | Cant. (s) 40.9 D =90, 84
0372 " (£) 14.0 D ~97.06
0221 | Potatoes 7.0 L 20.53
0222 " 21.0 1 40,83
0251 " 26.0 R .08
0262 " 14.5 D -58.45
1151 " 10.0 R 12.57d,
1191 " 14.3 D -2.32=
0142 | Tomatoes 57.2 D -21.26
1151 " 110.0 L 45,08
Field crops:
0112 | Alfalfa hay 24.0 R 11.67
0141 " " 237.0 R 6.44
0142 " " 30.8 L 33.58
0151 " " 128.0 R 5.07
0161 " " 63.0 R 1.15
0162 " " 21.0 L 32.59
0163 " " 11.0 L 27.74
0181 " " 38,0 R .93
0191 " " 62.0 R 6.03
0224 " " 16.0 R 2.65
0261 " " 53.0 L 49.24
0281 " " 42.0 R 1.93
0391 " " 54.0 R 10.49
0561 " " 20.0 L 3.66
1191 " " 64.0 R 1.06
1251 " " 176.0 L 21.47
1281 " " 1.3 D -30.17
1291 " " 118.0 R 3.80
1351 " " 9.0 L 5.47
1451 " " 17.0 R 20.89
1461 " " 7.0 R 2.29
1551 " " 10.0 R © 21.89
1561 " " 92,0 R 2.29

See footnotes at end of table

--Continued on next page.
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Table G.12 (continued)

HP. Crop activity Restrictin Imputed rent to
g7 b/ Acreage variable & restricting variable
1,000 acres dollars per unit
0224 | Bar. (fa) 26.0 L 3.28
0391 | " (1, sc) 13.0 1 1.54
1191 | " 1.7 L 3.14
g:]a.gt]; . sorﬁhum 59.0 L 36.28
4.0
0251 | " " 10.0 i gg.gg
0561 | ™ " 59.0 R Rt
0562 | " 24.0 L .21
1151 | " 119.0 R 14.20
1241 190.6 L 26.69
1251 | " " 175.0 R 9.18
1261 29.0 L 27.48_,
ggi “ ' 182.3 D -35.99%
10. R 7.18
1361 | " " 35.0 L 10.48
0121 | Dry beans 5.0 R 10.84
ggg " g g.g D -181.97
o150 | » " 32.0 y 32'511'
o162 | n 21.0 R 2.12
o221 | " " 7.0 R 6.07
o222 | » v 22.0 R 9.98
o232 | » o 14.0 R 5.78
ggg; " y 17.0 R 11.54,
A s s
0521 | " g 10.0 R 29.24
0522 | v 4.0 R 34,
os6z | " ¢ 22.0 R "9
0563 | " v 8.0 R ig'gg
1221 " " 3.0 R .20
. 14.94
1241 Rice 215.4 D -78.07
1341 " 53.0 L 24.69
0163 Safflower 29.0 R 2.26
0262 " 217.6 D -55.81
0263 " 25.0 R 3.00
0372 " 240.0 R 17.00
0123 | Sugar beets 19.0 R .08
0132 " " 7.0 R 20,12
0134 " " 3.0 D -14.48
0161 " " ]
0181 " " g.g s 3?31
0221 " " 7.0 R 19. 62
0222 " " 22.0 R 22.18
0223 " " 17.0 R 9.13
gggi :: :: 14.0 R 32.68
oo | v 1000 L 574
052 " " .
g | m o a0 R 3589
1223 " " 16.0 R 16.15

See footnotes at end of table. -=-Continued on next page.
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G.12 (continued)

287.

HPA ] Crop activity Restricting Imputed rent to
a/ b/ Acreage variable ¢/ restricting variable
1,000 acres T dollars per unit
1231 | Sugar beets 3.0 R 13.41
1232 " " 5.0 R 35.23
1261 " " 28.0 R 9.23
1263 " " 7.0 R 4.54
1281 " " 19.0 R 12.13
1361 " " 35.0 R 9.23
1451 " " 4.0 L 2,93
1461 " " 1.0 L 23.45
1551 " " 2.0 L 2,93
1561 " " 23.0 L 12,45
2122 " " 23.0 R 1.48
0162 Cotton 21.0 R 19.89
0163 " 19.0 R 24.73
0262 " 154.0 R 22.48
0263 " 16.0 R 24.48
0362 " 166.0 R 19.00
0363 " 65.3 D -152,92
0372 " 159.0 R 87.69
0561 " 39.0 R .12
0562 " 22.0 R 19.10
0563 " 8.0 R 19.30
0572 " 43.0 R 73.69
1261 " 28.0 R 38.99
1262 " 214.0 R 60,00
1263 " 7.0 R 61.00
1361 " 35.0 R 38.99
1362 " 70,0 R 26,00
1462 " 90.0 R # 13.30

a/ The first two digits identify the soil; the latter two, the climate.

b/ Crop activity legend:
Bar.

d/ Marginal
potatoes

e/ Marginal

£/ Marginal
beansg to

Broc.
Ccant.

Let.

Sorg.

(de)

c/ Restricting

D
I
L
R

Barley,
Broccoli
Cantaloupes,
Lettuce

Grain sorghum,
double crop

variable legend:
= demand restraint in tons, except cotton in bales,
= jrrigated acreage restraint in acres,

= land restraint in acres,

= rotation reatraint in acres.

(£)
(fa)
(1)
(s)
(sc)
(w)

fall or spring,
fallow,
irrigated,
summer ,

single crop,
winter,

cost of transferring production of one additional ton of
to Region 1.

cost per ton corn equivalent of feed grains.

cost of trangferring production of one additional ton of dry
the Central valley.
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APPENDIX H

MATHEMATICAL FORMULATION OF A LINEAR PROGRAMMING

GENERAL SPATIAL EQUILIBRIUM MODEL
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The Walras-~Cassel general equilibrium model and its expansion to a
general spatial equilibrium model are developed in this appendix. Con-
sideration of intermediate production is bypassed. Demand is specified as
functionally dependent on price. Transportation costs per unit of homo-

geneous good are constant in the spatial model.

Walras-Cassel General Equilibrium Model

The following notation will be used in presenting the Walras-Cassel
general equilibrium model as summarized by Dorfman, Samuelson, and Solow

[42, pp. 351-353, 369]:

m » number of resources,
n = number of commodities,
S:I. = 1th resource,
Ri = amount of lth resource supplied,
xj = amount of jth coomodity produced,
Aij = amount of ith resource required to produce one unit
of commodity j,
Vi = price of resource i,
Pj = price of commodity j,
Fj’Gj = functional relationships.
The production functions may be written:
1 1 1
X - 5, + S + ... +—8§ ’
1 All 1 A21 2 Aml m
1 1 1
X, =S, +— 5§, +... +—58 ,
2 A12 1 A22 2 Am2 m
' 1 1 1
X -, +—— S8, + ... + T8 .
n Aln 1 A2n 2 mn
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Then the supply and demand relations for each resource are written:

All xl +A12 Xz + .. 'I'Aln xns Rl.'

Ayy Xy + Ay Xy + oun + A, X SR,

A . X

al +A X, + ...

1t Am % * A X, F Ry
The inequalities of this system replace the usual equalities of the Walras-
Cassel formulation, since the market will determine which goods are free
and which scarce [57, p. 9].
The market demand functions may be written:
X =F (PI’ Byy oo P Vi Vos oo Vm),

xz =F2 (Pl, Pz, “«e ey Pn; Vl, Vz, a0 ey Vm),

xn - Fn (Pl’ PZ’ et Pn; v1' v2’ et vm)'
Inclusion of factor prices allows for changes in demand induced by shifts
in the level and distribution of income. Functions are homogeneous of

zero degree [ 57, pp. 9-10]).

Under the assumption of perfect competition, unit cost equals price,
and the relationship of resource to product price can be written:

Ay V1 Ay

Mg Vy ¥ Ay Vg + oo +A,L, V 2Py,

V2 + ... 'l'Aml mG Pl'

Aln Vl +A2n Vz + ... +Amn VmZ Pn.

If the cost for any commodity exceeds the price, the corresponding output

must be zero {57, p. 10].



291,

The supply of resource flows can be written:
Rl - Gl (P]. L R Pn; Vl DR Vm),

Ry =G, (B «oo P 5 V) «00 V),

R = G, (Pl - Pn; Vi see Vm).
Supply functions are homogeneous of zero degree [57, p. 10].

Had the inequalities of this system been written as equalities, as
originally done by Walras, they would meet the nonrigorous conditions for
the existence of a golution. The number of equations (2m + 2n) equals the
number of unknowns (2m + 2n). If the supply of resources are taken as
constant, a solution still exists according to the nonrigorous conditions
since m equations and m unknowns are dropped from the system. Dorfman,
Samuelson, and Solow [42, pp. 366-375] suggest more rigorous requirements
which must be met to assure the existence and uniqueness of a solution.

The above sets of equations comprise the Walras-Cassel general equi-

librium system when space is not included as a variable.

General Spatial Equilibrium Modetl/

The Walras-Cassel general equilibrium conditions need to be expanded
to include multiple regions. Additional notation will be required:
w = number of production regions,
y = number of demand regions,

AE = amount of resource i required to produce one unit of
J commodity j in production region k (k=1,2, ..., w),

RE = amount of ith resource supplied in production region k,

1/ The following framework assumes only one production process in each pro-
ducing region. However, the framework could be expanded to allow the
system to choogse between alternative production processes. This would
be a simple expansion of the activities, but will be omitted here to
prevent needless complexity in the notation. (See King [57, pp. 18-19,
31-33] for alternative processes in a spaceless model.) The framework

is developed for the case where production and demand regions may not
coincide.
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Demand for resources:
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amount of jth commodity produced in production region
k and shipped to demand region 1 (1=1,2, ..., y),

price of resource 1 in production region k,
price of commodity j in demand region 1,

cost of transporting one unit of commodity j from
production region k to demand region 1,

cost of production (exclusive of fixed resources) for

one unit of jth commodity in the kth production region,

net return per unit of output of jth commodity produced
in region k and shipped to demand region 1,

price of commodity j in producing region k (wg-P}-Tﬁl),

demand for jth commodity in demand region 1.

Commodity 1 Commodi ty n

A v A

Production
Region 1

Production
Region w

Al x1l Al xlY e Al k1l L+ Al kY gR

cee FAY XYY 4 L. AV XY 4 L AV XYY <Y

—/ s \
1 1,11

1171 In'n In"n

11y 1,11 1 1y
AT oA X T+ vA xT SR,

w wl

1171 1n"n In“n 1?

w wl

AV X L AT XY L A XY L A XYY g gY,
mn n m

ml™1 mn n



Market demand functions:

Commodity 1

Commodity n

r‘z‘x*l‘l =X} = FL (B], .0, B3V
.

jx'y-x{-p{ #, ..o Py
r}k:x::l -xi - 1?(11 (Pi, ey P;’; v
1.

lﬁ:x:?’ -x) = (®, oo, P50

-

Unit cost relationships:

Commodity

Commodity

regsource 1

)]

1

1
All Vl + ... +
W W
All vl +... +
- e
°1 1
611 Vl + ... +
‘W W
_,All Vl + ... +
1 1
Aln Vl + ... +
‘W
Aln vl +O‘. +
ed .
*1 1
Aln vl +... +
‘W W
L-Aln v1 +... +

resource m

g €
qu.

1
1!

2%

o'

LI Y

LI

Y! erey v:)’

see V‘{, seey v:).

W

1! L v:)’

v:’ LA | v:‘).

Shipped to
Region 1

Shipped to
Region y

Shipped
Region 1

Shipped to
Region y

293,
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The unit transportation matrix {s a matrix of Constants. Therefore,
the marginal cost of transportation equals average cog, of transportation,

In equilibrium, the price of 4 commodity 1in one demand region less the
unit cost of transportation from any produc tion region shipping to 1t ig
equal to or greater than the price {n any other demapg region less the cogt
of transportation from the same Prrduction region, 1y, derived price to
producers from any region shipped tq is the same Tegardlegs of which demand
region the product is shipped to. And the price in &ny producing region
plugs the transportation cost to any demand region Shipped to is equal to oy
less than the price in any other Producing wegion plyg 4y, transportation
cost to the same region. The price ¢o buyers 1n any depsngy region from any
production region shipping to it {4 the same regardlegg of which productign

region the product ig shipped from, In mathematica] lﬂngunge:
1 kl ko

Pj - '.II'j = P; - Tj for any demand regiop l to which production
Yeglon k ships; demapy regton 1 nOt equal
to demand regilon o,

k k1 o ol

wj + Tj < wj +'1‘j for any production Fegion k shipping to
demand region 1 regign | not equal to
region o.

This system is worked easily intp a 1inear r,vrograu.;u_,.‘8 framework. By
specifying an objective function to be maximized, a 8lution can be foung,
Let us specify the objective function ag: maximize the net value of outpye
(market value less transfer and production c oS ts):-l-/

Nkl @ g (plkl | phelykl | ok )
jk1 373 R BREE J 73 i)

The linear programming simplex formae f£or the Case of two production

regions, two demand regilons, two fiyeqg resouxces, tyo oo dities, and a

single production process in each tegion {8 given in Table H.1. The dua)

1/ When demand is specified as fixed quantities at 8uned equd 1ibrium
Prices, identical solutions are obtained f£from minimuns costs as from
maximizing profits [45, p. 12],
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format is offered in Table H.2. The demand function can enter the program-
ming format in either of two ways: (1) Quadratic programming can be used
and the demand function enter the format directly [89, pp. 510-523]. An
equilibrium solution of regional prices and production can be obtained
directly from this method. (2) An alternative to quadratic programming is
to use an interative procedure. A set of prices is estimated, and quantities
demanded under this set are determined. These quantities are entered as
restrictions into the linear programming model. From a comparison of the
resource rents obtained by the program with actual costs agsumed, the set
of prices may be rc-estimated, quantities demanded determined, and the new
quantities entered into the program for a second run of the model. This
pProcess can be repeated until supply in each region approximates demand.
This procedure has been shown by Takayama and Judge [90, pp. 349-365] to be
congistent with a quadratic programming formulation and has been found
satisfactory for empirical work with partial equilibrium single commodity

models.
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TABLE H.1
(57, p. 24]

Maximization of Net Value of Cutput -~
Matrix of Two Fixed Resources, Two Regions, Two Final
Products, and One Production Process for
Each Product in Each Region

Production and shipment activity
Rents x1€°:T;d;;¥ ;22 i??m;g;txzi x22 Restriction

1 "1 1 Tt 2 "2 "2 "2

Nil NiZ Nil Niz N;l N;z Ngl Ngz
v AL An Alz Az R;
v A1 Ay 422 A2z Ry
7 s 2, 4, 3
v A21 431 A22 A3 < B
U, -1 -1 -Di
v, -1 -1 -0
U, -1 -1 -,
v, -1 -1 -Dj

xlj‘1 z 0

Maximize net value of output =

N?l xkl

h]

w MN
=M
-~ MN

2 2
zz(l,l Jeb _ k1 kb kK1 )
k1 ~d

--Continued on next page.



Table H.1 (continued)

subject to

(1) Demand and supply of resource by region:

1 .11 . .1.12 . .1 .11 . .1.,12
ApngXp FALK FALRKT AL

1 11 1 12 1 1l 1 .12
A21x1 +A21X1 + A, X +A22x2

21+32x22+A2x21+a

2
415 1%

2 21

22 2 21 2 22
21)( +

+Az A_ X, + A X

A%y 21%1 22%2

Availability of a resource in a region must equal
or exceed production requirements for commodities.

(2) Demand and supply of final commodity:

11 21 1

1
< R,
1
£ R,
2
< Ry,
2

< .
RZ'

X, ¥¥ =Dy,
et s

Supply of final commodity produced and shipped to
market 1 or 2 in equilibrium must equal the
quantity demanded at the specified market price.
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TABLE H.2

Minimization of Returns to Resources
(Dual Problem to that in Table H.1l)

298,

Rents

li \Lzl,f vi v§ u, u, Uy U, Restriction

Ry R} Ri R3 p; D D} D>
Ay A7 -1 Nyt
Ail Az -1 “iz
AL, A3y -l Ny
‘:2 “;2 -t Ny
My Az, -1 Ny
AL, A3 -1 Ny
Ay Ag -1 NG

v‘j‘, u = 0
Minimize returns to resources =
vir] + vy + ViRS + VIR + U;D] + U,D3 + U;p] + v,D;

--Continued on next page.
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Table H.2 (continued)

subject to net returns at producer location equaling unit rent to resources:
1.1 1.1 11 1 T11 1

ApVy AV, -0 = N TR - T -G
R BUTYE SR N S
AV Ha, -y 2 N ep - 1pl - o
STRT A LA R S o
Aizvi +A;2"11' -Uy ® N;I -2, - T:]EI - C;*
ALV +aly; v, = N2 = orl?-cl,
ATy HAgVy - Uy 2 N =Ry - Ty - Cp,

When the assumed market prices are equal to the equilibrium market
prices, the net returns per unit of output at the producer location
is equal to the rent to the fixed resources entering as activities.

V: is the rent per unit of fixed resource i in production region k.

Rent per unit of output is obtained when Vt is multiplied by the
input-output coefficient. U1 - U4 are artificial rents which will

equal zero when assumed prices equal equilibrium prices.
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