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The purpose of this study is to evaluate the regional resource use
for agricultural production in California in 1961-65 and 1980. A
spatial allocation model is used to determine location patterns
under alternative projections of demand levels, urban expansion,
feed grain production, and water pricing, For this analysis, land
areas with moderate to high agricultural production potential,
accounting for some 19.6 million acres of the State’s 100 million
acres, are delineated into 95 homogeneous production areas having
similar soil and climatic conditions. Crop yields and nonland
production costs are determined for each area in 1961-65 and are
projected to 1980. Urban, public, and semiagricultural land uses
are estimated for these periods. Commodity coverage includes 15
field crops and vegetable groups that account for about 72 per cent
of the harvested acreage in California. All orchard and certain
vegetable crops are specified as to location and production level, but
are not determined within the location model.

The study provides information on regional land use based on
an “optimum” location pattern. Data are provided on irrigated
acreage and water requirements associated with these cropping
patterns, Particular attention is directed to analysis of the agricul-
ture of California in 1980 under alternative specifications of
demand for products, levels of urban expansion, and West Side
San Joaquin Valley water pricing. The model provides the basis
for further analysis of the impact of change on California agri-
culture.
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of Agriculture.

THE AUTHORS:

C. Richard Shumway was formerly an Agricultural Economist
with the United States Department of Agriculture, stationed at the
University of California, Davis.

Gordon A. King, Harold O. Carter, and Gerald W. Dean are
professors of Agricultural Economics and Agricultural Economists
in the Experiment Station and on the Giannini Foundation, Uni-
versity of California, Davis.



CONTENTS

Introduction . . . . . . . . . . . < . . . ..

The Problem .
Some Relevant Questions .
Objectives of the Study.

Framework of Economic Analysis .
General Considerations .
Location of Production. . . . . .
Location Model for California
Linear Programming Allocation Model .

Homogeneous Production Areas
Resource Variables
A Note on Aggregation Bias .
General Soils Map
Plantclimate Zones .
Homogeneous Production Areas

Conditional Projections of Urban and Public Land Use
Urban Land Requirements .
Public Land Uses. .
Impact of Urban Expansion on the Agrlcultural Land Base

Conditional Projections of Demand .
U. 8. Production, Consumption, and Trade, 1980
Orchard Crops and Excluded Vegetables
Major Vegetable and Field Crops
Feed and Livestock Projections .

Conditional Projections of Yields and Production Costs
Yield Trends and Projections . .
Nonland Cost Projections for Included Crops

Allocation Model Restraints .
Structure of Alternative Models
Demand Restraints for Included Crops
Land Restraints
Rotation Restraints .
Water Availability
Summary of Model Restraints

1961-65 Regional Resoutrce Use
State and Regional Resource Use .
Harvested Crop Acreage .
Production Cost, Resource Rent, and Product Pnce

0 O\ WV AN W N =

et et el b
AW N e

M D = =
(¥ N NG\ ]

W NN NDN
Wt \O Q0 I

W W W
o N

Wi W B BN BB
2SS ARRAEAESES



1980 Regional Resource Use
Highlights of the Preliminary 1980 Models
Best 1980 Projections Models
Summary of Projections Models

Application of Allocation Models to Particular Resource
Use Problems .

West Side San ]oaqum Valley Water Pr1c1ng
High Rate of Urban Expansion .

Summary and Conclusions
Base-Period Model
1980 Models

Appendix A: Maps of Homogeneous Production Areas

Appendix B: Land, Irrigated Acreage, Rotatlon, and
Demand Restraints . . .o .o

Appendix C: Study Crop Acreage, Actual and Estimated
Model Requirements . e e

Acknowledgments

Literature Cited .

59
59
62
75

76
76
80

83
83
85

88

97

. 104
. 114
. 115



C. Richard Sbumway, Gordon A. King, Harold O. Carter,

and Gerald W. Dean

REGIONAL RESOURCE USE FOR
AGRICULTURAL PRODUCTION IN
CALIFORNIA, 1961-65 AND 1980

INTRODUCTION

The Problem

AGRICULTURE IN CALIFORNIA is a com-
plex, dynamie industry. Many of the
forces which have prompted constant
adjustment and change in the past will
continue to shape the structure of agri-
culture in the future; these forces in-
clude population and income growth,
urban expansion and sprawl, technolog-
ica]l changes both in agriculture and in
related industries, foreign market devel-
opments, shifting consumer preferences,
and governmental programs. Although
per-capita use of all farm products is
expected to change little, there may be
significant changes in diet, relative
prices, and resource use and organiza-
tion in agriculture.

Competition for land resources. A
favorable climate and abundant rich soil
make California a particularly attrac-
tive environment for people as well as
for agriculture. With net in-migration
to California averaging 340,000 persons
per year in the past decade, total popu-
lation has increased at an annual rate
of approximately 528,000 persons (Cali-
fornia Department of Finance, 1967, pp.
1-3). Industry has expanded rapidly
necessitating the growth of public and
private services incidental to this expan-
sion. All this growth requires space and
increases the demand for land. To aec-
commodate the influx of people and in-

* Submitted for publication June 8, 1970.

dustry, about 54,000 acres of land per
year have been converted to urban uses
from agricultural and other uses during
the past ten years. The value of land
based on eapitalized earnings from tra-
ditional agricultural use is substantially
below its value for subdivisions, shop-
ping centers, or industrial plants.
Therefore, as industry and people move
in, agriculture moves out.

Total population in Californis is pro-
Jected to be 26.4 million by 1980, which
represents an annual increase of 512,000
persons from the 1965 estimate of 18.7
million. This projected rate of popula-
tion growth is slightly lower than dur-
ing the previous decade. However, the
rate of land conversion to accommodate
this continued urban and industrial ex-
pansion is projected at 61,000 acres per
year, a somewhat higher rate than be-
fore. It is estimated that 90 per cent of
this acreage will be taken from agricul-
tural land.

Increasing demand for agricultural
products. The same forces of expansion
which reduce the land base supporting
agriculture in California also inerease
the demand for agricultural products
in California and in the United States.
As the population grows, so do aggre-
gate requirements for food and fiber.
‘With a rising ineome level, more living
space per person is demanded, and con-

[1]
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sumer preferences shift for particular
types of food. This shifting of consumer
preferences is expeeted 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 (1966a, p.
5), projeet that the national per-capita
consumption of these commodities in
1980 will be 6 per cent higher than the
average for the period 1959-61.

Crop produection in California has in-
creased signifieantly in the past 15 years
with no net inerease in gross land re-
sources used. However, from 1940 to
1954 the average of eropland harvested
increased 27 per cent (U. S. Bureau of
the Census, 1967, p. 14). Technological
developments, improved varieties of
crops, better management practices, and
inereased use of other resources (e.g.,
fertilizer) have generally allowed per-
acre yield levels to increase as rapidly
as gross output levels. Sinee 1945 the
per-acre yield of some commodities in
California has increased as much as 200
per cent. The rate of increase hag been
significantly lower for other crops, but
yield levels of all commodities are higher
now than they were 20 years ago.

Maintaining the agricultural land
base. Although gross-land inputs to ag-
riculture have not ehanged much, the
patterns of specific land use and cerop
production have changed significantly
under the pressures of urban expansion.
To offset the decreases in cropland be-
cause of urban and industrial expan-
sion, farmers have developed unused
land for production. Possibly more im-
portant have been the effects of govern-
mentally financed conservation and ir-

rigation developments. With water the .

limiting resource in many areas, water
projects have made possible the conver-
sion of idle land into productive farms;
e.g., the California Water Project on
the west side of the San Joaquin Valley
may bring as muech as a million acres of
idle land inte production by 1990

(Kirkpatrick, 1966). Another project,
which will increase the acreage of irri-
gated land on the west side of the Sac-
ramento Valley, is the construetion of
the Tehama-Colusa Canal. Plans are
also being considered for the construe-
tion of a major drain down the center
of the San Joaquin Valley which would
expand the possihilities for permanent
reclamation of soils with heavy salt con-
centrations. On a smaller scale, other
projects, both public and private, are
helping to maintain or expand the erop-
land base.

Some Relevant Questions

The future of California agriculture
is eonstantly in the forefront of policy
decisions by government and in the
plans of individual farmers, land inves-
tors, and industry. Legislators and di-
rectors of government agencies 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 land is to be brought into produe-

_tion? How can urban and industrial ex-

pansion be directed to minimize adverse
effects on agricultural production?
What impact do acreage allotments and
other government programs have on
economic efficiency in production? What
policies and projects should be carried
out to keep agriculture a viable force in
California’s economy?” Farmers plan-
ning for growth want to know which
cropping patterns will likely maximize
profit. Processors need sound produe-
tion projections to make decisions such
as where to locate plants, what size to
construct, and how much expansion to
allow for.

No one can exactly prediet future
changes in demand, technology, produe-
tion, and prices of farm products. How-
ever, because farmers, processors, legis-.
lators, and administrators are forced
daily to make decisions on the basis of
future expectations, economic projec-
tion becomes a primary function of re-
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searchers whose aim it is to aid such
people to make rational decisions.

Various types of projections relating
to California agricultural production
have been made within the university
system, government, and private indus-
try. However, these projections have
primarily concentrated on single re-
source or product categories. Projec-
tions of location and activity of specific
commodities, conversion of agricultural
land to nonagricultural purposes (e.g.,
California Conservation Needs Commit-
tee, 1961), and water demands in spe-
cific areas (e.g., California Department
of Water Resources, 1957, 1960, 1965),
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 Me-
Corkle (1961), included all major crop
and livestock groups as well as the
major resources in California. However,
the projections are related primarily to
State output of crop groups and to re-
gional requirements for major resources
in the production of the total bundle of
agricultural commodities. 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 of this study
is to provide a set of California agricul-
tural projections which arve:

® for an intermediate time period
(e.g., projection date of 1980)

® comprehensive in coverage of major
produects, primary resources, and geo-
graphic areas within the State

® detailed in specific erop groups by
area of the State, and

® internally consistent.

However, because many years of re-
search are required before analysis of
all the important variables shaping Cal-

ifornia agriculture can be completed
and applied in detail to all major re-
sources and products, the scope and
methods used in this study are carefully
limited.

Research focus. The basic assump-
tions 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, The detailed projee-
tions of this study focus on location of
fleld and vegetable erop produection
within the State. Estimates of resource
requirements foeus on land and water.
Gross projections of orchard and vine-
yard erops and minor field erops and
vegetables, though not covered in detail,
are included to project total resource
requirements. To project produet prices
and total input costs, the cost of re-
sources other than land and water also
are estimated.

The practical orientation of this re-
search is to inventory land resources by
major production area, determine the
gross requirements for all urban uses
and crops not receiving detailed atten-
tion, and then to project the locations
and requirements for the major study
crops subject to the residual resource
constraints. Water resources are also in-
ventoried in areas where they may ve-
strict production before the land re-
sources become limiting. All other re-
sources (e.g., fertilizer, machinery,
ete.) are assumed available in unlimited
supply at specified unit costs.

Specific objectives. The impact of the
natural resonree endowments on the lo-
cation of California’s field and vegetable
erop production are analyzed with all
other variables set at exogenously deter-
mined levels or unit costs. Rather than
predicting the equilibrium conditions,
the research conclusions take the form:
if X, then Y. That is, if the set of exo-
genous variables, X, were to oceur as
specified, then it is projected that the
set of endogenous variables, Y, should
also oceur, These are, therefore, condi-
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tional projections. The following ques-
tions have been answered for the target
year 1980:

1. Will California have the productive
capacity to produce its current
share of the nation’s food and fiber
market?

2. Can California produce the share
of national output projected by re-
cent trends?

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

4. What will be the imputed farm
price of each commodity if perfect
competition prevails? How will it
compare with current price?

5. What will be the imputed rents on
land and water resources, where re-
stricting, under perfect competi-
tion?

6. What will be the requirements for
water and irrigated land in each
region of the State in 1980 as com-
pared to the present?

7. How will the feed-grain production
be distributed among the various
feed grains if total net energy is
produced at least cost?

8. At what maximum price of water
will all alluvial soil on the west side
of San Joaquin Valley come into
production?

9. What impact would alternative
rates of urban expansion have on
resource requirements and opti-
mum cropping patterns?

The emphasis of the study thus is on
projections of resource use in 1980;
however, analysis of the average 1961-
65 period provides a useful basis of
comparison for analysis of change. The
study provides estimates of location of
production in California, based on com-
parative advantage of production, by
areas that are homogeneous with respect
to soil and climatic conditions. Urban
land use also is estimated for these areas.
It should be emphasized that, although
detailed area projections are reported,
the basic purpose is to provide aggregate
guides for resource needs for the agri-
cultural industry rather than for the
individua)l farmer in a specific area.

FRAMEWORK OF ECONOMIC ANALYSIS

General Considerations

This report uses an approach of com-
parative statics; that is, an analysis is
made of the base period (1961-65) re-
source use under given model specifica-
tions. Changes in specifications for 1980
are then determined by side-analysis,
such as the effect of urbanization on
availability of land, the demand for ag-
ricultural products from California,
vield and cost estimates, and availabil-
ity of irrigation water by region within
the State. With such information, anal-
yses are made for 1980 to answer the
questions raised in the introduction as
to the availability of land for agricul-

tural production, the water require-
ments for production, and the resource
and product prices associated with these
production levels. ,

Major attention is centered on loca-
tion of production within California,
with detailed specification of production
areas having similar soil and climatic
characteristies. Thus, we explicitly treat
comparative advantage among subareas
within the State. The competitive posi-
tion of California with respect to other
regions of the country is taken ag given
for the base period analysis. For 1980,
demand for California production is
based on United States demand levels
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and on estimates of the share of pro-
duction that will be produced in Cali-
fornia. Thus, although recognition is
given to possible changes in interre-
gional competition between the base
period and 1980, it was not feasible to
include in the model the production and
resource conditions in regions outside
California. Before turning to the par-
ticulars of this study, it is useful to re-
view the general location framework
from which our model is derived.

Location of Production

Agricultural economists have a par-
ticular interest in location and spatial-
equilibrium theory because of the ex-
tensive nature of production of many
crops, the importance of transportation
costs, and the need for a framework for
analyzing the eompetitive position of re-
gions. In location analysis, von Thunen
(1930) provided a bhasic theoretical de-
velopment in his analysis of agricultural
production patterns as influenced by
transportation costs for various com-
modities, and the resulting patterns of
land rents. ,

Further developments in location
analysis and in general equilibrium
models including  dimensions of space
and form *are noted briefly. Weber
{1928) studied the effects of raw mate-
rial prices, wages, and transportation
costs on the location of particular indus-
tries. Hoover (1937) is eredited by Le-
feber (1958) for combining the notions
of Weber with eontemporary theory of
the firm. Other important contributions
include those by Losch (1954) and Isard
(1956) in broadening the scope of loca-
tion models toward more general equi-
librium constructs. Contributions were
also provided by neoclassical econo-
mists, such as Enke (1951), Samuelson
(1952), and Beckmann and Marschak
(1955}, by the introduection of transpor-
tation costs into interregional analysis,
and the suggested use of programming
models for analysis. Lefeber {1958) de-
veloped a more general analysis pre-

sented in an activity analysis frame-
work. Takayama and Judge (1964b) re-
formulated S8amuelson’s formulation as
a quadratic programming problem.
There have been numerous applications
of this theory to both plant loeation and
production location problems in agricul-
ture. Bressler and R. A. King (1970)
provide a most useful framework for
analyzing markets, prices, and interre-
gional trade, with particular reference
to agricultural products.

Theoretically, we have the necessary
framework for the analysis of agricul-
tural production and processing under
competitive eonditions and for deter-
mining static equilibrium among the
various regions of the country. The
basic determinants of loeation include -
the regional endowment of resources
such as land and water; the production
and cost relations for final eommodities,
such as lettuce, and for intermediate
commodities, such as feed grains used
in livestoek and poultry production; the
transportation, processing, and storage
cost functions connecting markets in
space, form, and time; and the demand
functions for commodities. Considera-
tion must be given to the specific type
of resources, and the time period of
analysis, since labor may be “fixed” by
region in the short run, but mobile in
the long run. Of importance to Califor-
nia is the fact that water available in
the northern counties can be trans-
ported to the southern counties with
construction of water divergion
schemes. Thus, care must be given to
the interpretation of the nature of the
model specifications for our static
“time-slice” spatial equilibrium analy-
sis.

A complete model would include both
the agricultural and nonagricultural
sectors of the economy. The first simpli-
fication is that we analyze agricultural
production and processing with other
sectors taken as given with respect to
location and prices. Second, there are
a fixed number of disecrete location
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points at which produetion or consump-
tion may take place, rather than a con-
tintous plane of locational possibilities.
Third, each region is endowed with a
given set of productive factors at a
given point in time. Fourth, production
can take place at any region using avail-
able resources or transportable inter-
mediate commodities (Lefeber, 1958,
pp. 111-12; Takayama and Judge,
1964a; and King, 1965, pp. 36-38).
Fifth, production functions are defined
for all commodities, but coefficients may
differ by region. Input-output relation-
ships are defined as linear and homo-
geneous of degree one, but alternative
production processes may be defined for
each commodity in each region.® Sixth,
transportation costs are taken as given
and independent of the quantity
shipped.® Seventh, perfect competition
is specified under which no firm can
affect the market price by adjusting its
output. Highth, regional demand fune-
tions are known for all final commodi-
ties. '

With the above model specification,
it is theoretically possible to obtain

equilibrium levels of production, con-
sumption, and prices, by region; '

the associated flows of final and in-
termediate commodities among regions;

and the imputed prices or rents to the
fixed resources.

The general nature of activity analy-
sis models applicable to agricultural
production and processing plant loca-
tion is summarized by King (1965). A
survey of published research relating to
agriculture is given by Weinschenck
et al. (1969).

Location Model for California

This section describes the general
characteristies of the model in terms of

four categories; namely, the resource
availability, the demand for commodi-
ties, production and cost relations, and
particular restraints of the model. The
development of particular coefficients
for the base-period model and the anal-
ysis of change between 1961-65 and
1980 is discussed in detail later.
Resource availability. Because Cali-
fornia soils and elimatic conditions dif-
fer considerably, particular attention is
given to the delineation of regions that
are homogeneous with respect to these
characteristies. The model specifies 115
homogeneous production regions within
the State, comprising some 19.6 million
acres of land with a potential for agri-
cultural production. Methods used in
delineating these regions are discussed’
in the next section, Homogeneous Pro-
duction Areas. '
Not all of this land is available for
production, however, and estimates are
made of (a) urban use; (b) public use;
and (e¢) semiagricultural use. Estimates
are made for the base period urban use
of land by homogeneous production
areas, and, also, for projected increases
in urban use to 1980. The effect of alter-
native levels of urban expansion are ex-
plored in the 1980 model analyses. Pub-
lic land use includes such categories as
public roads, military reservations, and
parks. Public land use in homogeneous
production areas was estimated at 0.8
million acres in 1964, and this level was

~also specified for the 1980 analyses.

Semiagricultural loand wuse includes
farmsteads, farm roads, canals, feedlots,
typical acreage of crop failure, and
forced idle land. Estimates for this cate-
gory were made for the base period and
for 1980. In the base period, 4.1 million
acres are estimated for urban, publie,
and, semiagricultural uses in homoge-

?The assumption of constant returns to secale 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.

? This assumption is made for the sake of simplicity. Agricultural demands on transportation
during the peak season are undoubtedly encugh to affect the unit cost. However, this assumption
is not nearly so unreasonable 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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neous production areas, leaving 15.5
million acres for agricultural produe-
tion. Estimates of nonagricultural land
use in the base period and for 1980 are
presented in the section, Condifional
Projections of Urban and Public Lund
Use; however, a higher level of urban
expansion is considered in a subsequent
section,

‘Water availability restricts produe-
tion in certain regions of the State, such
as the coastal valleys of Santa Barbara
County, the coastal terraces of San Ma-
teo and Santa Cruz counties, the high
elevation mountain counties, and the
desert areas of Antelope and Owens
valleys. The amount of irrigated acre-
age provides the effective restraint on
production rather than total available
aereage for these areas. In other regions,
it is expected that water development
projeets will provide adequate irriga-
tion water by 1980 so that irrigated
acreage as such is not specified as a re-
straint to production. Disecussion of
water restraints is given in the section
on Allocation Model Restraints. Re-
gional differences in water cost are in-
troduced in the coefficients of typical
costs of producing commodities in the
various homogeneous production areas.

Demand for commodities. For the
base-period analysis, California produe-
tion is taken as given. No explicit anal-
yses are undertaken as to possible non-
equilibrium situations for particular
commodities in the production and
trade between California and other re-
gions of the country. Although sueh an
analysis might be desirable, it wag im-
possible if primary emphasis were to be
given to regions within California.
Basically, we treat all of California as
one region in terms of prices facing pro-
ducers; that is, the farm priece is equal
in each homogeneous producing area.

Projectiong for 1980 are based on a
study of United States demand for
agrieultural commodities by Daly and
Egbert (1966a, b), with some modifica-
tions and extensions for particular com-

modities. A detailed explanation of
these projections and methods is given
in the section, Conditional Projections
of Demand. In brief, two alternative
estimates are obtained for the demand
for California production in 1980, with
both based on United States demand
levels in that year. The first specifies
California produetion to equal its share
of the 1961-65 United States produec-
tion. If California produced 50 per cent
of United States production in the base
period, we specify that it will produce
50 per cent of the 1980 level United
States production, The second method
is based on an analysis of the change, if
any, in the share of United States pro-
duction produced in California. With
an estimate of this projected share, Cali-
fornia production is estimated at this
specified percentage of 1980 United
States produetion. There are exceptions
to this approach, mainly in the analysis
of the feed-livestock sector where an
attempt is made to account for inter-
regional competition in the produetion
of poultry and livestock and the inter-
regional flow of feed grains that charac-
terizes California’s industry.

Production, yield, and cost rela-
tions. This study gives primary empha-
sis to the location of ecrop production
by subregions in the State. Livestock
produetion is specified for the State to
allow estimates of the derived demand
for feed grains and other concentrates
and roughages that may be produced
in California or shipped in from other
regions. The erops explicitly included
in the regional allocation model account
for 72 per eent of the harvested acreage
in 1961-65.

Orchard crops and eertain vegetables,
aggregating to some 1.7 million acres
in 196165, are treated differently than
the included commodities. It is assumed
that the high-value orchard crops are
located optimally in the base period, and
loeationg are considered to be prede-
termined. Thus, acreage devoted to these
crops (plus irrigated pasture and non-
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alfalfa hay acreage) is estimated by
homogeneous produection areas and then
deducted from the available land sup-
ply for each region. For the State, these
excluded eommodities accounted for 3.2
million acres. For 1980, estimates were
made, both for the demand and the
yield levels for the excluded crops, pro-
viding estimates of the required acre-
age for this produection. It wag specified
that the high-value orchard crops would
remain in current locations except
where forced out by urban expansion.
In cases where location shifts are re-
quired, production would take place in
areas with similar climatie regions of
the State. A more detailed explanation
of these excluded commodities is given
in the section on Allocation Model Re-
straints.

Per-acre yield and cost of production
(excluding land cost) data are de-
veloped for the various commodities in
the various homogeneous production
areas, The base-pertod data were taken
from published yield and eost informa-
tion adjusted to the study regions based
on the judgment of resource and crop
production experts. Projected yields for
1980 are based on analysis of trends
plus advice on probable changes in tech-
nology from production experts. Non-
land costs of production per acre are
projected to increase by 23 per cent by
1980 and the base-period costs are ad-
Jjusted accordingly for the 1980 analy-
ses. The yield and cost data are more
fully discussed in the section on Condi-
tional Projections of Yield and Produc-
tion Costs and in a report by Shumway
. and Stultg (1970).

All producers in a given homogeneous
producing area with similar soil and
climatie eonditions are assumed to have
identieal yield and nonland production
costs for each commodity. This results
in a unique nonland cost and yield esti-
mate for a particular production proc-
ess in a given production area, Costs
and yields, of eourse, vary by area. The
production function for each commod-

ity ig linear and homogeneous with con-
stant returns to seale. In such a formu-
lation, the supply function for the area
is perfeectly elastic at the given nonland
cost level unless resources are limiting;
then, the imputed values to the fixed re-
sources would provide an additional
cost element, A perfectly competitive
model is assumed in which all producers
are assumed to maximize profits. The
distribution of output among farms in
a given produetion area is not determi-
nant under such a formulation. Total
production, by area, is limited by the
particular resource mix of that region,
its comparative advantage with other
areas, and the level of demand for all
commodities.

Particular restraints of modsel. We
have discussed the major restraints in
the problem of allgeation of production
to various areas of the State. For a par-
ticular period, the demand for every
commodity is assumed “given” and per-
fectly inelastic. Total production in each
area is limited only by the net acreage
available to the model erops. However,
production of irrigated crops in an area
may be limited by water available for
irrigation. Further, production of a
particular commodity may be limited
by a specified erop rotation requirement.
And, finally, because of particular pro-
duection conditions that may affect either
quality or season of maturity, certain
restraints are placed on either minimum
or maximum quantities that may be
produced in a given region. The particu-
lar restraints are discussed more fully
in the subsequent section on Allocation
Model Restraints.

Linear Programming Allocation
Model

An aetivity analysis framework for
the solution of the problem of loeation
among all regions in the country, al-
though theoretically appealing, is not
feasible in this study. Rather than
specifying demand funetions as such,.
we have obtained estimates for quanti-
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“ties produeced in California for both the Qutput
base period and for 1980. With produc-

tion levels specified, our problem is to N5 Bk
determine the eomparative advantage =t L=E1 A X2 Do,y
of regions within California based on
given cost and yield data. The basic ap-
proach is similar to that used by Egbert
and Heady (1961, 1963) in analyzing .
regional adjustments in grain produe- ‘ Eoxk >
tion in the United States. These authors :;1 k;l A- X752 Dr @
show (1963, p. 12) that, with demand .
predetermined and ignoring transfer - E ok a
costs, it is possible to specify the prob- ; ,;a A1 X3j 2 Din
lem in terms of minimizing eosts of pro-
duction subject to certain restraints, LA '
rather than in terms of profit maximi- E Z An; X% =z D s
zation. ke

The linear programming model used .
in this study is outlined below. The Production area acreage
essential characteristics of the model, L
then, include fixed levels of demand for 22Xy =L
each commodity, given yield and non- =
land costs of production levels, given
levels of the land resource available by @)
area, and certain restraintg as to the
amount of irrigated acreage, crop rota- LA
tion requirements, and particular pro- ;1 ;1 X £ L,
duction limitations as to season and -
region of production.' This model ma:; . ‘
be stated mathematically as follows: Y Irrlggted acteage

roos—2

Minimize total nonland cost of pro- > >Xy=sTr,

duetion, or , =l =1

r 5 i * (4)
2 2 20Xy (1) :

te=l j=1 k=1
r &2

t 11
subject to: 22 X521

d=1 je=1

* Specific seasonal requirements of lettice and melons are incorporated in the demand equations.
Additional limitations on regions of production are imposed as follows: (a) The lower quality
of potatoes produced on peat soils in the otherwise high-yielding San Joaquin Delta area restriets
its disposition to the seed market. Acreage in this area is restrained at a maximum of 10,000
acres in all models. (b) 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 aleng the coast. Likewise, the type of potato pro-
duced 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, beeause of the peculiarities of the produet
in the specific areas mentioned, production would likely not shift to other areas in an optimal
pattern, Because a product price differential between regions has been assumed away in the de-
velopment of these models, minimum output restraints will be imposed on the production of dry
beans and potatoes in the Central Valley and mountain valleys, respectively.
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Individual crop acreage (rotation
requirements)®

1 1
Xll § R11 )

(5)
X =R,
Nonnegative input usage
X5z 0; ©)

where

C%,is cost of producing one acre of
commodity < by process j in pro-
duction area k,

X%;is acreage of commodity 7 pro-
duced by process j in area k,

D, is minimum output of commodity
1 grown in California,

p¢ is minimum output of dry beans
grown in the Central Valley,

D? is minimum output of potatoes
grown in the mountain valleys,

A%, is yield of commodity 7 grown by
process j on one acre in area k,

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

J¥ is maximum irrigated acreage
availlable for model crops in
area k (I* = L*),

. . .
R%, is maximum acreage of c.o‘mmodlty
1 grown by process j in area k
due to rotational requirement

By £ LY,
are Central Valley areas,

are mountain valley areas,

m 18 dry beans,

7 is potatoes,

1,---, 82 are irrigated production
processes, '
T, 8, 1 are upper limits on com-

modity, process, and
area numbers, respec-
tively.

The dual problem of that specified
above is:

Maximize returns to fixed resources

i > 2 (UMD + VL

im=1 F=1 k==l
+ W+ YERY), o)

subject to the restriction that the im-
puted value per acre of output less rents
to fixed resources is equal to or less than
per-acre nonland costs; or

AU = VE— W — Y 2 %, 8
and that imputed product price and
resource rents are nonnegative; or

U, Vv, wh Yk =00 (9)

The additional notation required is as
follows:

U, is imputed price of commodity ¢,

¥* is imputed rent to an acre of land

in production area k,

W* i1s imputed rent to an irrigated
acre in production area k,

Y%, is imputed rent to an acre of the
individual crop restraint of com-
modity ¢ produced by process j
in production area k.

" Also quality restraint on potatoes in the San Joaquin Delta.
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The format of the dual problem por-
trays 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 aere plug all
rents to fixed resources.

HOMOGENEOUS PRODUCTION AREAS

Resource Variables

A  Thomogeneous production area
(HPA) refers, in this study, to gpatial
units having a degree of internal homo-
geneity in the natura] resource endow-
ment—soil, climate, and water. The
underlying concept of such a delinea-
tion is to group productive units which
face” similar production relationships,
costs, and prices in order to minimize
aggregation bias. By stratifying the
data aceording to resource endowment,
attention is focused on spatial differ-
ences in nontransferable factors affect-
ing yields and production costs,

It is desirable to follow such admin-
istrative boundaries as county lines in
the delineation of areal units because
most data are collected using admin-
istrative units as a base, and results
can be understood most easily if they
relate to familiar boundaries, However,
a typical eounty in California is an ex-
tremely heterogeneous production area.
Most counties inelude valleys and moun-
tains, shallow. soils and very deep soils,
and areas with surplus and deficit water
supply. For example, San Diego County
hag land in four major plantelimate
zones, ranging from marine dominated
coastal valleys to the desert, and soil
conditions which vary just as widely.
Reliance on county boundaries results
in the delineation of produetion areas
which are so heterogeneous that one may
be but slightly less justified in eomnsid-
- ering the entire State to be one HPA.
Although the practical problems assoei-
ated with data collection and reporting
of results are increased markedly,
county boundaries will have to be ig-
nored if realistic HP As are to be speci-
fied.

The first goal in this study isto obtain
the most reasonable spatial aggregation
of produetive units for which a single
set of production conditions eould ap-
ply. Soil productivity and elimatie con-
ditions are hypothesized to be the key
natural resource variables affecting ag-
ricultural produetion, These are the fae-
torgs of production which, in the long
run, are least susceptible to change. Al-
though soil productivity and miero-
climate can be modified to some extent
by production praetices, rents do acerue
to speeifie land units because of the in-
herent natural-rescurce endowment.
Other factors of produetion, such as
labor, equipment, and managerial abil-
ity, are more flexible over space and
{ime.

In addition, there are aspeects of the
market situation whieh 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 loeation of processing plants
may be relatively inflexible. Although
these factors are not emphasized in de-
fining HP As in this study, any variable
which ean be stratified spatially may he
incorporated conceptually into the eri-
teria for delineating homogeneous pro-
duetion areas. The shorter the time hori-
zon of the study the more variables must
be assessed in obtaining realistic HPAs.

Similarity in soil and climate are
sought in the delineation of HPAs
through the analysis of general soil
maps and plantelimate studies. It is for
these areag that land, rotation, and
water restraints and cost and yield esti-
mates are relevant,

In the following subsection, the
method used to delineate HPAs is de-
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fended as a means of effectively limit-
ing aggregation bias: The remainder of
the section will then be devoted to a dis-
cussion of (1) the soil categories, (2)
the climate zones, and (3) the combina-
tion of the two in identifying HPAs
for this study.

A Note on Aggregation Bias

Day (1963), Miller (1966), Lee
(1966), and others, including Sheehy
and MecAlexander (1965), Frick and
Andrews (1965), and Barker and Stan-
ton (1965), have dealt with the problem
of aggregation bias in agricultural
models. This bias may be experienced in
any macro model which utilizes bench-
mark- or average-unit data. In a pro-
duction model, the effect is to estimate
aggregate supply at a higher level, for
any given priee, 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 produection units,
would prevent aggregation bias in a
macro supply problem: (1) identical
input-output matrices, (2) proportion-
ate variation in the net returns vectors,
and (3) proportionate variation in the
restraint veetors. The method of aggre-
gation used in this study is analyzed
here in light of these criteria.

By delineating HPAs according to
gimilar soil and climate, we have
grouped together farms with similar
input-output matrices, Those with very
different coefficients of output are sep-
arated into different areas.

The unit price vector for nonrestrie-
tive resourees is probably similar for all
the farmers in a given HPA. Farms
within most HPAs are reasonably
closely situated, so the competitive en-
vironment in the resource market should
be similar for most farmers. Although

some economies of seale are possible in
agriculture, most of the State’s produc-
tion comes from farms which are large
enough to take advantage of major econ-
omies of size." In a perfectly competitive
environment, product price equals mar-
ginal cost. Therefore, not only should
the net returns vector of one farmer be
proportional to that of another in the
same HPA, but in many cases they may
be equal.

Because of the methods used in speci-
fying restraints in this study, nonpro-
portionality in the restraint vectors is
not expected to be a significant source of
aggregation bias. Specifically, land is
the only restricting vesource to produc-
tion in all HPAs. In those areas where
water is expected to restrict irrigated
produetion before land beeomes limit-
ing, the restraint is not imposed on total
water available; 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 specifie
irrigation restraint is imposed, it is
based on actual past irrigated aereage.
Therefore, the possibility of overesti-
mating supply in these areas, if water is
not uniformly available on all farms, is
minimized. Finally, the rotation re-
straints are estimated as a function of
land available. Because they never ex-
ceed the total land restraint, it is not
necessary that the rotation requirement
be uniformly distributed throughout the
HFA 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 machin-
ery), actually limits produection or al-
ters the eropping pattern on particular
farms in the target year. However, other
studies of California cropping systems
have concluded that these resources are
not normally restricting in actual prac-

¢In several economies of size studies conducted on California field erop farms by Dean and
Carter (1960), Moore (1965), and Faris and Armstrong (1963), it has been observed that few
additional internal economies are possible as farms become larger than 600-1,000 acres. The
1964 Census of Agriculture reports that two-thirds of field erop output in California is produced
on farms larger than 700 acres (U. 8. Bureau of the Census, 1967, pp. 94-105).
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tice. It has been pointed out by Dean
and Carter (1961) that adequate credit
facilities are available, labor can be
hired, and excess maechine capacity
often exists in relation to the amount of
land available.” Therefore, the problem
boils down to the natural resource en-
dowment being the primary restriction
on production, and nonproportionality
in the restraint vectors should not be a
serious cause of aggregation bias,

It is concluded that Day’s sufficient
conditions for avoiding hias in aggrega-
tion are satisfied reasonably well by the
method of grouping production units
used in this study. While some bias is
inevitable, it should be minimal. Cer-
tainly, it will be far less important than
had very dissimilar production units
been grouped (e.g., by following county
boundaries).

General Soils Map

Soil surveys have been completed in

varying detail during the past half cen-
tury on virtually all privately owned
land in California. These surveys have
been conducted on an area by area basis
and have typically concentrated on mi-
croclassifieation of soils by soil series,
Storie and Weir (1953) depicted the
general soil geography of the entire
state. They based their report on an
analysis of then current detailed and
reconnaissance soil surveys and grouped
individual soils into 18 major categories.
They rated each category according to
its “. .. general land use suitability for
commercial timber, grazing, nonirri-
gated fleld and truck crops, and irri-
gated field and truck erops.” Subse-
quently, additional work was done on
the general soil map, the number of
categories was expanded, and the map,
acreage, land use suitability, and Storie-

Index rating were developed by Storie
for each county, in an unpublished man-
useript, “Seil Resources of California:
County Inventory of Soil Resources,”
1957. '

The Soil Conservation Service has re-
cently been authorized to prepare gen-
eral soil reports for each county in Cali-
fornia. 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
study, these reports were not available
for all counties when this study was
begun. 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
specification of soil categories; hence,
these eategories cannot be readily fit to-
gether into a eonsistent soil map for the
entire State.

Storie’s unpublished manuseript has
been used in this study as the basie ref-
erence for delineating soils of different
agricultural productive eapacity. Based
upon recommendations by Storie and of
Eugene Begg and Gordon Huntington,
soils specialists in the Department of
Soils and Plant Nutrition at Davis,
Storie’s soil clasges were grouped into
13 agricultural soil categories: four al-
luvial (numbered 01, 02, 03, and 05),
five basin (11-15), and four terrace soils
(21-24). A description of typieal soils
in each category can be found in table 1,

Soils 01-03 are recent alluvial fan and
flood plain soils of medium texture; 05
is wind-modified sandy soil; 11 consists
of the organie soilg; 12 is salt-free basin
clay soil; 13 is clay soil with moderate-
to-strong sale concentrations; 14 is basin
rim soil reclaimed of salts; 15 is unre-
claimed basin rim soil; 21 is terrace loam

TIn addition, it is anticipated that managerial talent and acreage allotments will not alter
the optimal production pattern on individual farms. The rationale for this expectation is that
(1) it should be possible to purchase adequate managerial talent if not already available on
specific farms; and (2) even if the current allotment programs are continued, allotments can
be transferred from one HPA to another, through land sales or rentals, so that acreage allot-
ments are not a real restraint to production on individual units.



TapLE 1

TYPICAL CHARACTERISTICS OF SOIL CLASSES

Soil characteristic

Alluvial fan and flood plain soil number

01

02

03

05

Typical soil series. ...............

Textures: surface........co.oovven.
subsoil

Yolo
Hanford
Soquel
Very deep
Without

Medium-moderately coarse
Medium-moderately coarse

Sorrento
Hesperia
Very deep
Without

Medinm-moderately coarse
Medium-moderptely coarse

Panoche
Gila
Surprise
Very deep
Without

Medium-moderately conrse
Medium-stratified

Delhi
Marina
Coachella
Very deep
Without

Coarse
Coarse

Drainage.. .. ocoovvinieriinrinnss Moderately well-well Well Well Somewhat exceasive
Saltsoralkali. ................... Free Free-slight Free-moderate Free-moderate
Slightly acid Neutral Moderately alkaline Varied
Slightly alkaline Moderately alkaline Moderately alkaline Varied
Lime present? surface. ........... No No Yes Varied
subsoil,........... No Yes Yes Varied
Storie Index rating.,.............. 85-100 85-100 70-100 35-56
Occurrence, ..., ..... U ,-| Medium-~high rainfall zones Moderately low rginfall zones Low rainfall zones General
Comments, ...,.. e, Higher saline concentrationsarein | Higher saline concentrations are in
desert. desert.
Basin soil number
11 12 13 4 153
Typical soil series, ............... Eghert Sacramento Levis Fresno Fresno
Tulare Willows Traver Traver
Pit Lahanton
Depth.....ocovvvieiiiiiiiiniine. Very deep Very deep Very deep Moderately deep~deep Moderately deep~deep
Profile development,............. Without Without Without-minimal Minimal-medial Minimal-medial
Organic medium Moderately fine-fine Fine Medium-raoderately coarse | Medium-moderately coarse
Organic Fine-stratified Fine Modérately fine~medium Moderately fine-medium
i P ;
Drainage. ...ccvvenrrecrrnsircnens Poor -Bomewhat poor—poor - Poor . { Moderately well - Somewhat poor
Saltsoralkali,......coovhrvnennns Free Free-slight Moderate-strong \Ftee—sﬁgh’h Moderate-strong
Reaction: surfac Moderately acid Varied Slightly alkaline Slightly alkaline' Moderately alknline
o :ub;oi? Blightly acid’ Moderately alkaline Moderately alksaline Moderately alkaline Moderately alkaline
Lime present? surface............ No No No Yes Yes
P subsoil............ No Yea Yes Yea Yes
Storie Index rating............... 60-80 40-60 5-26 40-80 16-30
OCOUITENCE. . ..o v v emcscvoreensnns San Joaquin Delta General General S8an Joaquin Valley Arid val!eya
Comments. ......coovmvaraniecnnn Basin clays Soil 12, but with saline- Basin rim soils, reclaimed of | Unreclaimed soil 14
’ alkali problems salts
Terrace soil number
21 22 23 24
Typical soil series. ,.............. Ramona Porterville Hperhuero San Jg)aquin
P Tehama Denverton Hillgate Redding
Rohnerville | Bieber
Depth....oovvviiiiniriiiiniann Desp Deep Shallow Shallow
Profile development.............. Medial Without ~ Maximal Maximal
Texture: surface........oovveenne, Medium-moderately coarse Fine M.edium Medium—-moderately coarse
subsoil........ooiiiiiinn Moderately fine Fine Fine Fine
DIaiDAge. .ocvverinraeraniivanins Moderately well Well Moderately well Moderately well
Saltsoralkali..............c...ca Free Free Free Free
Reaction: surfaee, . ....covvvvennn Moderately acid Neutral Moderately acid . Mfy:lerateb: acid
subsoil................. Slightly acid Moderately alkaline Moderately alknline Slightly acid
Lime present? surface........... .1 No ) No No No
subsoil............ No Yes Yes No
Storie Index rating. .. ... .e..... 50-80 40-60 35-50 15-35
(025310 3 1T SN General Central Valley and South Coast General except desert General except desert and moun-
tain valleys
ComINENtS. .. \\nceeieeieriiiainns Clay terrace soils Claypsan Hardpan
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soil with medial profile development; 22
is terrace clay soil; 23 is claypan soil;
and 24 is soil underlain with hardpan.

While Storie’s manuseript was used
as the primary source of data, other in-
formation, both published and unpub-
lished, has been utilized for refinements
on aecreages, boundaries, and classifica-
tion. The U. 8. Soil Conservation Ser-
vice (1968) general soil reports were
used for Napa, Solano, Sonoma, Stanis-
laus, Yolo and Yuba counties. The gen-
eral soil maps published in recent soil
surveys were used for Glenn County
(Begg, 1965), Tehama County (Gow-
ans, 1967), and for a portion of Ala-
meda County (Weleh, ef al., 1966). A
reconnaissance soil survey by Gowans

and Lindt (1965) was used for Sutter
- County. Alan Carlton, soils specialist in
the Department of Soils and Nutrition
‘at Davis, modified the map for San Joa-
quin County from more recent data.
Bege and Huntington recommended
modification in several other counties,
County farm advisors and agricultural
commissioners provided estimates of the
acreage of land classified by Storie as
saline-alkaline which has since been re-
. claimed of salts. They also suggested a
few alterations in delineations and
acreages.

Plantclimate Zones

Climate is one, and perhaps the most
important, of the fundamental determi-
nants of what plants ean be grown in a
given area. The word climate encom-
passes such variables as annual rainfall,
its seasonal distribution, light, tempera-
ture, humidity, and air movement.

In recent years extensive research has
been undertaken at the University of
California to determine which of the
climatic variables most affect plant
growth and to delineate major zones
within whieh erop adaptability is simi-
lar. It has been observed that in all the
principal farming areas of California
temperature is the major climate factor
which controls plant growth. Rainfall is

less important, except where the sea-
sonal distribution causes plant damage
or where it is so sparse that the cost of
irrigation water becomes prohibitive.

Kimball and Brooks (1959) published
a preliminary mapping of 16 planteli-
mate zones in California in which areas
with similar effective day and night tem-
peratures were grouped, Although effec-
tive day and night temperature is only
one measure of climate, the important
factors whieh combine to determine tem-
perature also greatly affect other eli-
matic 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 con-
tinental air mass, mountain ranges, and
local terrain (Editors of Sunset Maga-
zine, 1967, p. 8). Several of these fac-
tors also affect rainfall, humidity, and
light intensity. Therefore, by directly
introducing temperature as the key
variable in delineating plantclimate
zones, other climatic measures were in-
directly accounted for because of the
degree of correlation between them,

A revision of the plantelimate map
was published by the Editors of Sunset
Magazine (1967, pp. 17-27). It divided
California into 19 zones for the benefit
of the home gardener. In consultation
with Kimball, and his sucecessor, De-
Wayne B. Gilbert, the basic planteli-
mate delineation published in Sunset
was followed in this projeect. Certain re-
visions prompted by the specific crops
in the study and additional research
findings since the preparation of the
map were recommended. In general, the
changes consisted of grouping the minor
thermal belts with their wvalley floor
counterparts, splitting the Central Val-
ley laterally in two additional places,
splitting the north coastal climates lat-
erally, and separating the San Joaquin
Delta from the coastal climates. This
set of modifications resulted in the de-
lineation of 19 plantclimate zones which
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Fig, 1. Plantclimatic zones.

are shown in figure 1 and deseribed
briefly in table 2.

For purposes of presenting the find-
ings of this study, the 19 climates have
been grouped into nine regions (identi-
fied by the first digit of the climate eode)
which, with one exception, follow plant-
climate boundaries. The one exception is
that climate zone 24 is the same as bl,

but was separated from 51 in order to
keep the regions contiguous. Hence,
there are 20, rather than 1%, climates
listed.

Homogeneous Production Areas

An overlay of the climate zones on the
soil map results in the delineation of
115 different soil-climate combinations,
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TABLE 2
DESCRIPTION OF CALIFORNIA PLANTCLIMATE ZONES

Zone

Description

11

12

21

22

23

24

31

32

33

3

41

42
51

61
42

63

71

72
81

91

Marine influencs completely dominates this North Coastal climate. Sunshine intensity is markedly reduced by
fog. Humidity is the highest of any of the climates. Typical mean daily maximum temperature in August, the
hottest month, is 81° F; typical mean daily minimum in Janusry, the coldest month, is 41° F.

This elimate zone consists of the cold winter valley floors along the North Coast. Humidity is high. Typical
mean daily maximum temperature in July is 84° F; typical mean daily minimum in Jaruary is 33° F.

Marine influence dominates this Central Coastal climate 98 per cent of the time. There are virtually no irosts.
Typical mean daily maximum temperatures in September range from 67° to 72° F; typical mean daily minimum
in January is 42° F. Fog reduces sunshine intensity. Humidity is high.

This Central Coastal climate is dominated by tha acean 85 per cent of the time, It has regular summer afterncon
winds. Humidity is high. Winters are colder and summers are warmer than in zone 21.

The temperatures in these cold winter basins along the Central Const are moderated by occasional marine influ~
ence. Humidity is relatively high. Record low temperatures range from 11° to 22° F in different parts of the
climate,

See zone 51.

This mild South Coastal climate is almost completely marine dominated. Humidity is high. Record low tem-
peratures range from 20° to 33° F in different parts; record highs average 105° F.

This climate consists of air-drained thermal belts surrounding the South Coastal cold winter basina. Marina
domination varies throughout the zone from occasional to 85 per cent of the time. Record lows range from 17°
to 20° F.

Cold winter portions of the South Coast are in¢luded in this zone. Marine domination in thia climate also varies
from oceasionsal ta 85 per cent of the time. Record lows range from 14° to 24° F; record highs average 112° F.

This climate comprises Southern California’s interior valleys and terraces. The continental air mass dominates
the climate at least 85 per cent of the time. Humidity is low, Record lows range from 7° to 23° F; record highs
average 115° F.

The Sacramento Valley floor is characterized by a long growing season of almost constant sunshine. The grow-
ing season is shorter, because of later spring and earlier fall rains, and the humidity higher than in the S8an
Joaquin Valley (climates 61 and 62). Record lows faor climates 41, 61, and 62 combined range from 13° to 18° F;
record highs range from 104° to 116° F.

This climate is the thermal belt surrounding the Sacramento Valley. The cold air drains to the valley floor caus-
ing this climate 10 have milder winters. Record lows in climates 42 and 63 combined range from 15° to 21° F;
record highs are similar to the valley floors. Other characteristics are similar to climate 41.

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

This elimate is bordered by climates 51 on the north and 62 on the south. Humidity is higher tben in climate
62, but it is still 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 snd 62 sre grouped imto thia climate.
This thermal belt is noted for substantially milder winters than its valley floor counterpart. In some areas, the
temperature difference may be as high as 10° F at the same latitude,

The medium- to high-elevation deserts in Scuthern California comprise this climate. It is characterized by
extremely wide temperature divergence between night snd day and between winter and summer. Record lows
range from 0° to 6° F; record highs range from 114° to 117° F, There are more than 110 days each year when the
temperature exceeds 80° F and 80 nights when the temperature drops below 32° F.

This climate is identified by the lower elevation desert, particularly Imperial and Coachella valleys, with ita
extremely long growing season. Record lows range from 13° to 19° F; mean daily maximum temperatures in July
range from 106° to 108° F.

This climate zone, otherwise referred to as the Digger Pine Belt, is made up of the middle elevations. Hot sum-~
mers and pronounced winters give this zone well defined seasons without the severe winter cold of clitnate 91
or the high humidity of the coastal elimates. Record lows rapge from ~1°to 15° F.

Frosts can occur any day of the year in this high-elevation climate. The normsl growing season ranges from
100 to 180 days. It is the coldest of California’s elimates,
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which we shall refer to as homogeneous
production areas.” Their locations are
mapped in Appendix A, where each
HPA is given a four-digit numeric
label: the first two digits identify the
soil and the last two identify the cli-
mate. The acreage of each HPA was
determined by planimetering.

After the projected 1980 acreage of
land in urban, public, semiagricultural
and nonmodel crop use was calculated,
20 HPAs, including one entire climate
zone, were deleted from the model be-
cause of insignificant residual acreage.
The residual acreage of a deleted HPA
was added to that of the next most simi-
lar HPA. A minimum of 10,000 residual
acres was established as the primary
guideline for keeping an HPA in the

model. In addition, HP As with 10,000~
20,000 acres which are very similar to
another with a much larger acreage
were grouped, and HPAs with nearly
10,000 acres which are greatly different
from all other HP As were retained in
the model. Using the primary guideline
as the only criteria, 19 HPAs would
have been execluded. By applying the
supplementary rules, three more HPAg
were deleted and two of the 19 were re-
tained to leave a total of 95 in the
medel. The identification of the specific
HPAs that were grouped is given in
Appendix table B-1. The climate zone
dropped was zone 33 which had a pro- -
jected 1980 acreage of less than 13,000
aeres.

CONDITIONAL PROJECTIONS OF URBAN
AND PUBLIC LAND USE

Urbanization is one of the major fac-
tors affecting the location of agricul-
tural production in California. To eval-
uate the impact of urban expansion on
agriculture, it is necessary to distin-
guish land conversion according to soil
type and climatic characieristics. This
section develops estimates of current
and 1980 land use for urban and public
use, by homogeneous production area.
Public use includes such categories as
publie roads, military reservations, and
parks. These estimates for 1980 are re-
ferred to as conditional projections
since they depend on accuracy of fore-
casts of population growth and the ex-
tent of intensive versus extensive land
use for urban development.

Urban Land Requirements

Estimates of eurrent urban land use
in California vary from 2.0 million acres
(Ruth and Krushkhov, 1966, pp. 46, 48)

to 2.4 million acres (California Conser-
vation Needs Committee, 1961), and to
a preliminary as yet unpublished 1968
estimate by the California Conserva-
tion Needs Committee of 3.4 million
acres. Projections of requirements dur-
ing the next decade range from 0.7 to
more than 1.0 million acres (Ruth and
Krushkhov, 1966, p. 48). To adequately
assess the impact of urban expansion on
agriculture within the context of this
study, sueh projections must he disag-
gregated in terms of homogeneous pro-
duction areas.

Urban economists have developed a

~ pumber of theories for explaining the

process or urban agglomeration and ex-
pansion (Alonso, 1964; Rao, 1965; and
Ruth and Krushkhov, 1966). While
some emphasize transitions within the
urban sector, others concentrate directly
on the issue of expansion cnto nonurban
land. From the theories of urban expan-

8 Although no additional delineations were made along irrigation water isocost lines, the eost
of water in the San Joaquin Valley was indireetly taken into account when soils 01, 02, and 03
were retained as separate entities in the model. The productive capacity of these soils is similar
for most erops; hence, they eould be reasonably grouped together on this basis alone. But the
natural geophysical boundaries between these soils separate them equally well according to the

cost of irrigation water.
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sion, a few points stand out which are
of value in guantifying urban land re-
.quirements by HPA. Three urban econ-
omists, Ruth and Krushkhov (1966, p.
17), and Rao (1965, p. 21), agree that
the primary variable.determining total
new land required is the rate of popula-
" tion growth.

Ruth and Krushkhov (1966), further
theorize that, in the absence of a com-
prehensive urban development plan, the
two variables which most affect specific
land developed are its slope and prox-
imity to the urban fringe. The value of
land for agrieultural use appears in pre-
vious studies not to be a statistically
significant variable in determining
which land is developed for urban use.
Therefore, acreage losses because of
urban expansion ean be projected with-
out consideration of any resultant agri-
cultural adjustments.

Population growth. With net mn-mi-
gration to California averaging 340,000
persons per year in the past decade,
total population has increased at an an-
nual rate of approximately 528,000 per-
sons (California Department of Fi-
nance, 1967, p. 103). Anticipating that
net in-migration will decline gradually
to about 300,000 persons anually, and
that birth and mortality rates will drop
slightly to correspond to the U. 8, Bur-
eau of Census (1966) fertility series D,
population is projected to be 26.4 mil-
lion by 1980 (table 3). This estimate
represents an annual increase of about
512,000 persons from the 1965 estimate
of 18.7 million.

Approximately 94 per cent of this ad-
ditional population is expected to settle
in 25 counties.” These counties are illus-
trated in figure 2. Sixty per cent of the

population increase will be in the South-
ern California Metropolitan Region
(Lios Amgeles, Ventura, Orange, San
Bernardino, Riverside, Santa Barbara,
and San Diego counties) ; 24 per eent in
the Bay Area Metropolitan Region (San
Francisco, San Mateo, Santa Clara, Ala-
meda, Contra Costa, Solano, Napa, So-
noma, and Marin ecounties) ; and 10 per-
cent in the Sacramento-Stockton Area
(Sacramento, San Joaquin, Yolo, El
Dorado, and Placer counties), the
Fresno Area (Fresno County), the Bak-
ersfield Area (Kern County), and Mon-
terey and Santa Cruz counties. These
urban areas are located, almost exelu-
sively, in the best agricultural regions
of California (the Central and South
Coast and the Central Valley).

Urban land requirements in urban
countieg. Ruth and Krushkhov (1966),
for their comprehensive study of urban
land expansion in these 25 counties be-
tween 1950 and 1964, used research pro-
cedures that included measurement
from aerial photographs of actual de-
veloped land for the two points of time,
analysis of a host of general and local
explanatory variables, testing of several
alternative equations, and projection of
urban land requirements for the period
196575 in 188 urban submarkets,

Ruth and Krushkhov found the most
important determinant of new land re-
quired per additional person during the
peripd 195064 to be the rate of popula-
tion growth. Two equations expressing
the relationship between these two vari-
ables, in the absence of controlled pat-
terns of expansion, were estimated for
primary and for extensive land uses in
each county. Primary land use include
gingle and multiple family residential

7 Series D is the lowest of the fertility rates used in the U. 8. Bureau of the Census projections.
Series B wag 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 United States. However, in 1966 and the
early part of 1967, actnal performance in California fell somewhere between C and D (California
Department of Finance, 1967, p. 1). Reliance on Series D in these projections is based on the
assumption that the fertility rate will continue to decline.

¥ This figure represents a slight increase in the relative concentration in these 25 counties. In
1965, 92 per cent of the State population resided in these counties, with 58 per cent in the South-
ern California Metropolitan Region, 23 per cent in the Bay Area Metropolitan Region, and 11

per cent in the remaining nine urban counties.



Gianning Foundation Monograph » No. 25 » September, 1970

TABLE 3

TOTAL POPULATION OF
CALIFORNIA COUNTIES, 1960 AND
1865, WITH PRELIMINARY
PROJECTIONS FOR 1980

Estimated* Projected®
County

July 1,1960 July 1, 1965 July 1, 1850

Alameda........... 012,600 | 1,032,600 | 1,367,201
Alpine. 400 400 400
Amador 10,000 11, 600 16,300
Butte..... 83,200 98,200 127,100
Calaveras. 10, 400 11,500 14,900
Colusa,....... 12,200 12,600 11,800
Contra Costa. 413,200 509,600 836,860
Del Norte. . 17,800 18,300 18,800
El Dorado 29,900 43,400 83,715
Fresno.... 368, 500 408,200 525, 508
Glenn. ..... 17,400 18,800 21,400
Humboldt. . 104, 900 105,200 117,200
Imperial,... 73,000 77,000 90,400
Inyo...... 11,700 14,100 20,800
Kern..... 204,900 330,600 420,723
Kings..... 50,500 67,000 80,600
Lake 13,900 17,200 "24,100
Lassen...... 13,000 16,900 19,700
Los Angeles. ..} 6,071,900 | 6,868,300 8,604,359
Madera......c...... 40,700 44,300 53,900
148,800 188, 600 318,081

5,100 6,000 7,400

51,000 51,200 54,500

90,900 107,100 151,400

8,300 8,000 8,700

2,500 4,300 7,800

195,300 221,600 312,347

66,400 75,700 98,308

21,200 25,100 28,800

719,500 | 1,152,300 | 2,364,585

57,500 72,500 117,241

11,600 12,300 14,400

Riverside.,. 311,700 413,200 774,767
Sacramento......... 510,300 611,900 863,473
San Benito......... 15,500 17,200 21,200
San Bernardino..... 509, 000 637,200 | 1,023,114
San Diego.......... 1,049,000 ¢ 1,197,200 | 1,681,786
Ben Franecisco. . .... 741,500 743,100 724,128
San Jopquin......., 251,700 273,600 333,835
San Luis Obispo.... 81,900 100, 500 144,500
449,100 526,900 749,184

173,600 243,000 363, 628

Santa Clara. .. 658,700 893,800 1,553,853
Banta Cruz. 85,100 104,800 173,008
Shasta...... 60,400 74,700 115,100
Sierra. ... 2,200 - 2,400 2,500
Siskiyou., 33,000 34,300 37,500
Solano, , .. 137,100 159,800 236,951
Sonoma. ... 148,800 179,500 . 261,078
Stanislaus, . 158,300 176,000 | . 219,800
Sutter...... 33,700 39,000 51,700
Tehama 25,500 28,300 33,700
Trinity, 9, 600 8,800 11,500
Tulare...... 169,400 187,200 249,500
Tuolumne, . 14, 500 18,100 28,300
Ventura 203,100 302,700 041,501
Yolo. 66,400 78,900 113,207
Yuba..... 35,100 43,400 61,600
The State.......... 15,863,000 | 18,726,000 | 26, 406,000

* California Department of Finance (1367, p. 3).
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units, commereial, industrial, stock-
yards, docks, and related developments.
Extensive urban patterns consist of
highways, airports, cemeteries, sehools,
railroad yards, residential estates,
parks, and similarly used land.

The primary urban equation is:

log. AL =—-451767 +

802238 log, AP, (10)

and the extensive equation is

log. AL =~5.76868 +

791069 log AP, (11)

where

AL is urban land increase in 10 years
in hundreds of acres, and

AP is county population inerease in
10 years.

The density of new persons per addi-
tional acre of land, which was estimated
by summing these equations, varies
from 3.5 for an annual county popula-
tion inerease of 300 persong to 11.6 for
an inerease of 120,000 persons. These
equations may be used to prediet addi-
tional land required in the absence of
any pattern controls. However, the ac-
tual county projections derived by Ruth
and Krushkhov deviated about this
“median” projection path when pattern
variables were analyzed. With the inclu-
sion of four pattern variables™ into the
equations, R? values of .994 for the pri-
mary urban eategory and .974 for the
extensive category were obtained.

Extension of Ruth-Krushkhov pro-
jections to 1980, The only independent
variable in the Ruth-Krushkhov pre-
diction equation for which eounty es-
timates are available for 1980 is the
projected population growth. In the ab-
sence of data for the pattern variables,

1 The authors do not explain precisely what these pattern variables are,
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Fig, 2. Urban counties in California.

the two-variable equations, in which where
urban land requirement is a fonetion of

population growth only, were consoli- AL is primary and extensive urban
dated and expanded for a 15-year pro- land inerease in 15 years in acres,
jection period in this study. The equa-. and

tion derived is:

log . AL = 26007 +
78845 log. AP,

AP’ is eounty population increases in
15 years.
(12) .
The urban land requirements, 1965~
80, estimated from the above equation,
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TABLE 4

PROJECTIONS FOR 25 URBAN COUNTIES OF CALIFORNIA, 1965 TO 1975 AND
1965 TO 1980

Population growth Marei
ginal
Method rUrb_un land population
L2 equirements density
Total Average annual ensity
peraons acres peraons/acre
Ruth-Krushlchov 1965-75. ... ccvoovvvnnnnn.. 5,526,963 552,606 615, 8601 8.0
Extension to 1065-80........................ 7,279,300 485,287 830,086 8.8
Ratior 108580/ 1085-TH. . .. oottt et et et e e e e 1,348

* Ruth end Krushkhov (1986, p. 21}, based on preliminary fizures of the Department of Finance.

1 Ruth and Xrushkhov (1966, p. 3), eorrected sum.

were summed over all urban counties.
The average population density for new
land in the 25 counties was slightly
below the density for the 1965-75 period
(see table 4). The lower density in the
15-year period is due to a projected an-
nual rate of population growth lower
than in the 10-year period.

The relative distribution of the 1965—
80 projected population growth among
counties, as estimated by the California
Department of Finance (1967), is not
exactly the same as that for 196575, but
it is reasonably similar. At least, the
degree of variation is not as great be-
tween these two population distribu-
tions as between the two 1965-75 urban
land distributions among counties pro-
jected from (1) the population growth
variable only and (2) the five independ-
ent variables. Therefore, instead of ap-
plying the 1965-80 land requirements
projeeted from the two-variable equa-
tion to each ecounty, only the 25-county
total figure was used direetly. This fig-
ure was then distributed among eounties
in the same proportion as the 1965-75
distribution by Ruth and Krushkhov.
The validity of such a procedure rests
on two basie assumptions: (1) projected
population growth in the State will be

distributed among counties in the 1975—
80 period relatively the same as in the
1965-75 period (see table 1 for the 1980
county population projections), and
(2) pattern variables in each county
will have the same relative effect on
urban land required per person between
197580 as between 196575, The 1965
80 urban land requirement for each
county was subsequently distributed
among individual urban submarkets in
proportion to the 196575 period.”

Disaggregation of urban projections
among HPAs, The urban submarkets
are the smallest geographie units for
which urban projections have been
made. Since the urban submarket and
HPA boundaries de not coincide, the
following assumptions are introduced in
order to generalize submarket projec-
tions to HPAs:

1. All urban units within a submar-
ket encroach additional land at the
same rate (e.g., 3 per cent per
annum) regardless of the absolute
level of current urban acreage.

2. All urban expansion is contiguous
to existing urban units.

3. The relative propensity to develop
is the same in all directions.

2 Only exception; when all of the developable land within five miles of the urban fringe would
be exceeded. In this case, the working assumption of Ruth and Krushkhov (1966, Appendix C-3)
that virtually all development would occur within these boundaries in & decade was respected
-for the 15-year period, also. Hence, these submarkets were filled to their stated limit and the
residual was allocated proportionately among the other submarkets in the county.
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These assumptions tie the expansion
projection procedure employed in this
study most directly to the eoneentric
expansion model of eclassical nrban de-
velopment theory.” Warren Farrell
(1968, p. 13) emphasizes that two alter-
native expansion models, which he labels
“scattered” and “radial,” are more rep-
resentative of California’s typical urban
development patterns than the concen-
tric model. He hastens to add, however,
that the concentriec model is *...still
frequently used when land requirements
must be estimated for future population
levels. .. (because it) is the easiest to
work with mathematically.”

Urban land requirements in nonur-
ban counties. Detailed urban land pro-
jections are unavailable for California
counties not in the Ruth-Krushkhov
(1966) study. However, population has
been estimated for 1960 and 19656 and
projected to 1980 by the California De-
partment of Finance (1967, p. 3) for
these counties, also.* In addition, the
1960 population and estimated acreage
in individual -eities, unincorporated
towns, and counties have heen published
by the U. S. Bureau of the Census
(1965).

The following assumptions provide
the framework for updating to 1965 and
projecting to 1980 urban land require-
ments in the nonurban counties and in
the area. outside of urban submarkets in
the urban counties:

1. Population and acreage within city

limits, or general boundaries or un-

incorporated towns, reported by
the U. 8. Bureau of the Census

(1965), are reasonable estimates of .

actual 1960 urban population and
acreage in built-up uses.

2. Population in 1965 and 1980 are
distributed among urban and rural
sectors in the same proportion as in
1960.

Regional Resource Use, 136165 and 1980

3. Urban population in 1965 and 1980
are digstributed among towns (in-
corporated and unincorporated) in
the same proportion as in 1960.

4, The urban density of persons per
unit of land in each town in 1965
and 1980 are the same as in 1960.

5. Urban expansion is contiguous to

. existing towns.

6. The propensity to expand on land
is uniform in all directions.

Urban projections. Urban land in
1964 (or, 1965 for the nonurban coun-
ties), urban land requirements, 1965-
80, and projected 1980 urban land for
the State are given in table 5 for urban
and nonurban counties. HPA urban
acreage in 1964 and 1965--80 urban re-
quirements are identified in Appendix
table B-1.

Public Land Uses

The term “public land use” refers to
@il lands in public ownership which are
committed to wuses not eclassified as
urban, nor directly related to agricul-
tural 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 prepared 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 lands
are made through the polifical proe-
esses, frequently involve large units of
land, and are not amenable to effective
prediction with economic models.

The eurrent mileage in public roads
outside of cities is published for each

¥ One important difference should be noted. The second assumption implies that the relative
shape of the urban unit will tend to remain comstant rather than becoming concentric.

% Tt is estimated that the proportion of the State’s populace which resides within the nonurban
counties is now less than 10 per cent and will decrease slightly by 1980.
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TagLe &
CALIFORNIA URBAN LAND REQUIREMENTS
Urban Urban land Urban acreage,
Item acreage, requirements, projected
. 1964* 1965-80 1980
1,000 acres
Urbam €¢oUnties. . ., ccortueriin it o ci o 1,862 . 8571 2,719
Urban land in HPAS. ... vivinsiieia i venneeranens 1,457 683 2.140
Urban land not in HPAB......coivivennriiainnaaiinans 405 174 579
Nonurbas counties. ......ocvveerireeiiireemiarinin .. 202 61 263
Urban land in HPAs.......coviiiinieniiiiinniinns. 158 49 207
Urban land not in HPAs.......cooviiiiiiiiiiee 44 12 50
Statetotal ... e, 2,004 918 2,982
Urban land in HPAs........oooiiiiiiiiii e 1,615 732 2,347
Utban land not in HPAS. ... .c.oviiviiiiiiniiiiiiaens 449 186 645

* Urban acreages for the nonurban counties and area outside urban submarkets in the urban counties are for 1965.
t This figure is higher than the urban county projection recorded in tahle 4; urban land requirements outside the

urban submarkets are also included in this figure.

county in the California Statistical Ab-
stract (1967, p. 160). The mileage is
classified according to State or county
maintenance. Estimated average acre-
age per mile by type of read in Califor-
nia was secured verbally from Thomas
E. Whaley, supervising highway engi-
neer, California Division of Highways.
Projected 1980 mileage of State high-
ways was also obtained from the same
source. Although a 15-per ecent increase
in State highway mileage between 1966
and 1980 is projected, the additional
acreage required in any HPA is not sub-
stantial. Therefore, only the current
acreage of roads and other land uses in
the “public land” category is recorded
in table 6 and Appendix table B-1. The
1966 estimate of public land in all
HPAs in the State is 803,500 acres.

Impact of Urban Expansion on the
Agricultural Land Base

The acreage of land in urban uses is
projected to increase by 917,000 acres
between 1965 and 1980. Of this total, 80
per eent will eome from agricultural
land. This projection represents a slight
inerease in the eoncentration of urban
land in the agricultural production
areas.

A land-use tabulation of 1964 urban,

public, and agricultural land and pro-
jected 1965-80 urban requirements is
reported for each HPA in the State in
Appendix table B-1. For summary pur-
poses, these production areas are com-
bined into three groups on. the basis of
agricultural adaptability. Soils 01-03
in the Central Valley and in the Central
and South Coast (Regions 2-6) are the
most adaptable to a large variety of
crops and are designated “prime’ agri-
cultural land. Although not as flexible
for the variety of commodities as is
prime land, high yields of many crops
are also ohtained from soils 11 and 12,
and from portions of the Desert Region.
This second group is designated “good”
agricultural land. The remaining agri-
cultural areas are extremely varied, but
are grouped together in the “other”
category. A summary land-use table
for these broad groups is recorded in
table 6.

Although only one-third of the land
inventoried in the HPAs is prime agri-
cultural land, almost 60 per cent of cur-
rent urban acreage and 55 per cent of
projected urban requirements are on
such land. It is projected that more than
20 per cent of the prime agricultural
land in California will be urbanized by
1980. In comparison, only 4 per cent of
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TABLE 6

CALIFORNIA LAND USE SUMMARY BY MAJOR AGRICULTURAL LAND
GROUP, 1964 AND PROJECTED 1980

Urban Public Gross aereage | Urbanre- | Gross acreage

. Agricultural land group | Total acreage land, land, for agriculiure, | quirements, | for agriculture
1964 1964 1964 1565-80 proj. 1980

1,000 peres

Prime*.......ccovvenvinnnn. 6,393.6 936.9 144.5 5,312.2 391.7 4,920.5
Goodt.,ocoiiiiiiiiinnn 2.847.6 120.1 81.1 2,646.4 58.4 2,5688.0
Otherf.......coovinvviunnn. 10,383.7 §58.2 578.2 9,247.3 282.0 8,065.2
Total§...........coen 19,624.2 1,615.2 803.8 17,205.8 732.1 16,473.7

* Soils 01, 02, and 03 in the Central and South Coast and the Central Valley (Regions 2-8). See figure 3 (p. 33) for Cali-

fornia productmn regions.

Boils 11 and 12 in Regions 2-8 and soil 03 in the Desert climata 72.

1 Includes all remaining FIPAs.
§{ Computed from unrounded data.

the good land and 8 per cent of other
agricultural land is projected for urban
uses by that date. Although it is ex-
pected that urban pressures on prime
land will continue to be heavy, the pro-
portion of the urban requirement which
is met by land of lower quality should
increase slightly. Because the best agri-
cultural land is more intensively culti-
vated than land of poorer quality, the
current patterns of urban expansion
have a more dramatic impact on agri-
cultural production than if the expan-
sion were spread more evenly on all
types of agricultural land. However,
even with the prime land providing
more than a proportionate share of
future urban land requirements, Cali-
fornia agricultural output should suffer
no reduction in the near future because
of urban encroachment, ag will be noted
in later sections of this report. With ad-
ditional land being developed for agri-
culture through the California Water
Project and with more efficient use of
existing resources, agricultural produec-
tion will likely inerease during the next
few decades. The major impact will be
on certain specialty crops whose produe-
tion is restricted to small coastal areas
and on regional shifts in the production
of other erops currently grown near the
urban fringe.

If the planning horizon is extended,
eventual reductions in aggregate agri-
cultural output seem inevitable from a
continually expanding urban sector.
For example, if the urban projections
between 1965 and 1980 prove to be rep-
resentative of uncontrolled urban ex-
pansion in California during each 15-
year period to the year 2100, more than
two-thirds of the prime agricultural
land will be in urban uses by that date.
Before the year 2200, no prime land will
be left for agriculture. Without some ex-
ternal controls directing urban growth
onto less productive land or extensive
technological advaneements inereasing
agricultural yields on low quality land,
the long-range outlook for agriculture
in California is a position of diminish-
ing total output.

In summary, heavy urban pressures
are expected to continue in the next
decade. The urban sector will compete
successtully against agriculture for
significant quantities of the best agri-
cultural land. Although some crops will
undoubtedly be phased out or their
production markedly decreased, overall
output should increase considerably.
But in the long run, continued and un-
directed urban expansion may result in
important reductions in 'California’s
agricultural producing capacity.
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CONDITIONAL PROJECTIONS OF DEMAND

For the 1980 location models, demand
projections are required for California
crop and livestoeck products. Most of
these commodities are produced, not
only in California, but in other regions
of the country, and some are important
in international trade. Thus, the de-
mand for California output must be re-
lated to supply conditions in other re-
gions. The report by Daly and Egbert
(1966a) provides estimates for major
agricultural commodities of 1980 pro-
duction, imports, exports, and domestic
use levels for the United States. Build-
ing on this report, Farrell (1969) de-
veloped 1980 estimates for certain major
commodities for California. Following
the procedures used in the report by
Dean and MeCorkle (1961), Farrell
assumed that' certain shares of U. 8.
output would be supplied by California.
The present study required more de-
tailed projections of many of the indi-
vidual commodities and an analysis
of the feed-livestock requirements for
1980. In addition, population experts
have recently revised downward their
expectations as to the level of the 1980
United States population, requiring a
shift from the Bureau of the Census
Series B projections (245 million) to
Series C (235 million), and thus the
Daly-Egbert and Farrell estimates were
revised accordingly.

This séction presents the framework
and the specific conditional projections
of demand for California produets in
1980, These projections are based on
certain specifications as to population
growth, increases in real income, inter-
national trade, consumer preferences
among various commodities, and inter-
regional ecomptition between California
and other regions of the country. Two
alternative assumptions are introduced
for many crops as to the share of U. 8,
output that may be supplied by Cali-
fornia. Although the projections do pro-
vide a reasonable basis for evaluating

the impaet of changing demand condi-
tions on the resource base of California
agriculture, no claim is made that these
estimates are accurate forecasts of 1980
production.

This presentation includes: (1) a dis-
cussion of the assumptions underlying
the United States produetion and con-
sumption estimates; (2) estimates for
orchard crops and certain vegetables
that were excluded from the formal allo-
cation model, but for which acreage re-
quirements were subtracted from avail-
able land supply; (3) major vegetable
crops, including consideration of such
factors ag seasonal and varietal demand;
(4) field erops other than feed grains
and hay; and (5) feed grain and hay
projections based on estimates of live-
stock and poultry production and levels
of feed grain inshipments into Califor-
nia. For all commodities, point esti-
mates, rather than demand functions,
are projected for 1980. The allocation
model determines cost-minimizing loca-
tions of production given the speecified
levels of demand. A more general model
would incorporate demand and supply
funections, but this step is beyond the
scope of this report.

U. S. Production, Consumption
and Trade, 1980

The report by Daly and Egbert
(1966a) provides projections for major
commodities to 1980 that are based
partly on formal statistical models and
partly on trends and a knowledge of
factors influencing these trends. The
basic assumptions underlying their pro-
jections are:

1. U. 8. population will reach 245 mil-
ion by 1980 (U. S. Bureau of the
Censug Series B estimate) ;

2. Per-capita consumption in the
United States will continue to
change generally according to
recent trends;
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TaABLE 7
PROJECTED DEMAND FOR CALIFORNIA ORCHARD CROPS AND EXCLUDED
VEGETABLES, 1980

U. 8. production California
1980 Pro-
Commodity Projected 1980 Production Share of U. 8. output | Jichion to
Ao plactin, et o
1961-62 188165 | Average | Projected 'i°Cied share
Indexf Level 196165 1980 cutputi
1,000 tors | 1981-65 = 100 1,000 tons per cent 1,000 tons
Orchard crops
Deeiduous. . ......... 6,654 134 8,673 2,128 31.9 31.9 2,769
Citrus..,...c.o0vvvus 7,538 161 12,216 1,7729 23.6 23.5 2,873
Semitropical......... 192 120 230 178 92.9 82.9 214
Grapes............... 3,501 - 120 4,348 3,250 90.8 90.8 3,048
Treenuts............ 266 125 333 138 52.1 6.7 218
Ezxcluded vegetables. ... 9,090 142 12,899 1,470 16.2 16.2 2,086

» V. S. Department of Agriculture (1968).

t Projections are based on Farrell (1969, p. 13) but are adjusted downward (approximately 4 ger eent) to account for

change from Series B to Series C cliJ dpulatmn levels as given in U. S. Economic Research Service an.

t Computed from unroundes

Foreat Service (3967a).

¥ California Crop and Livestock Reporting Service (1066, 1968).

3. Prices of farm produets will be ap-
proximately the same as in recent
years;

4. Net exports will continue to change
by the same quantities as during
the 1950-60 decade;

6. Per-capita disposable income will
ghow an annual gain of approm-
mately 2.3 per cent.

The Daly-Egbert output projections,
modified to the lower Series C popula-
tion estimate of 235 million,® are used
“in this study for potatoes, excluded
vegetables (as a single category), and
each of the field crops.

Using assumptions similar to the
Daly-Egbert projections, Farrell (1969,
p. 13) has estimated 1980 demand for
the U. 8. production of orchard crops.
These projections are also modified to
the Series C population estimate for
purposes of this study.

Demand for U. 8. production of indi-
vidual vegetables, except potatoes, in
1980 is projected in this study based on
the following assumptions:

1.U. S. population will reach 235
million by 1980 (Series C popula-
tion estimate);

2. Per-eapita consumption of individ-
ual vegetables will continue to shift
according to general trends of the
past two decades;

3. Net export demand will change in
the same proportion as domestic de-
mand.

Orchard Crops and Excluded
Vegetables

The production of orchard erops and
certain vegetables was not included in
the location models. However, it was
neeessary to estimate both demand and
yield for these crops to determine the
1980 acreage required for production.
The estimated 1980 California produc-
tion of these crops required to meet the
State’s projected share of United States
output is given in table 7. The method
of projection ig obvieug from the table.
The United States level of production
in 1980 was estimated by Farrell (1969)

** Factors have been derived by the U. S, Economic Research Service and Forest Service (1967a
and 1967h, Appendix table A-1) fo convert a modified set of 1980 U. 8. output projeetions from
Series B to Series C population estimates, This same set of factors is used in this study te convert
the Daly-Egbert (19662 and 1966b) and Farrell (1969) projections. .
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and adjusted in this study by factors
- provided by the U. 8. HEconomic Re-
search Service and PForest Service
(1967a) to refleet the lower population
estimates of the U. B. Bureau of the
Census Series C level of 235 million.

California produetion in 1961-65 is
expressed as a percentage of United
States production. These percentages
are applied to the United States 1980
level of production for all groups except
tree nuts. California’s share of this
group is expected to increase rapidly
beeanse of recent heavy plantings of
new trees. Bearing and nonbearing acre-
age in 1967 had risen to 356,000 acres,
up nearly 22 per cent from the average
196165 acreage {California Crop and
Livestock Reporting Service, 1968). The
share of the United States citrus crop
supplied by California has deereased
substantially over the past three dec-
ades. However, this decline hag begun to
taper off recently which, together with
a large current acreage of nonbearing
trees and industry expectations of con-
tinued heavy plantings, suggests that
California may hold its own in the citrus
market through 1980. A strong upward
or downward trend in the share of the
other erop groups supplied by Califor-
nia is less apparent,

Major Vegetable and Field Crops,
Excluding Feed Grains and Hay

Two alternative sets of California de-
mand projections are developed for
these erops. Both are based on the same
U. 8. output projections, but differ as
to the assumed share to be supplied by
California.

The first projection specifies that
California producers will continue to
.supply the same share of United States
output as in average 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 seeond set of projections
specifies that these trends will eontinue
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 period, and (2) in logarithms. A
minimum of 10 and a maximum of 37
vears of annnal data were used in each
equation. If both trend eoefficients were
significantly different from zero at the
5. per cent level, the equation providing
the highest degree of explained variance
wasg used in the projections. If neither
trend coefficient was statistically sig-
nificant, California’s projected share
was specified at the average 1961-65
share. »

Vegetable projections. The two al-
ternative estimates of vegetable produc-
tion for selected vegetable commodities
ig shown in table 8, which indicates the
methods used in making these projee-
tions. For these items, it was necessary
to make independent estimates of 1980
per-capita consumption levels, and these
were hased on trends over the past dec-
ade. In addition, seasonal demand esti-
mates were made for lettuce and melons.
Seasonal demand may be important in
determining location of production
especially for perishable vegetable erops
gold on the fresh market. This factor
may influence several crops in this
study, but because lettuce and melons
are sold almost entirely in fresh form,
these eommodities were given particu-
lar attention,

Lettuce is produced year-round in
California. But whereas winter lettuce
can be grown in one climate, only sum-
mer lettuce can be grown in another.
Climates in which spring lettuce can be
produced are generally suitable also 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 per cent of
California lettuee produced in 196165
wag marketed in the spring and fall, 32
per eent in the summer, and 34 per cent
in the winter., No strong trends in the
share of California lettuce produced by



TABLE 8
PROJECTED DEMAND FOR CALIFORNIA VEGETABLES, 1980, BASED ON ESTIMATED SHARES OF PROJECTED U. S.

DEMAND
TU. 8. per capita U. 8. production California share of Projected California
consumption California U. 8. production production, 1980
Crop N Projected 1980 P’g&;ﬁg“»
Average Estimated 19%??(35 . 1961-85* Average Projected 1961-65 Projected
" 1961-65* 19801 Indexi Level 1961-65 10809 share share
1bs 1,000 tons 196165 = 100 1,000 tons per cent 1,000 tons
Asparagus....c.o.ool. 1.79 1.50 181.5 105 191 05 52.% 52.3 100 100
Cole crops:

Broceoli,............. 1,18 1,22 114.3 130 149 85 74.2 20.2 110 134

Brussels sprouts,..... 37 42 35.4 143 5 32 01.4 91,4 46 48

Cauliflawer...... e 1.37 1,00 127.1 91 118 7 60.7 84.7 70 98

Lettuce........... 20,94 23.60 1,946.7 141 2,746 1,141 58.6 58.6 1,609 1,608

Spring and fall & . 3864 544 544

Summer, . .....co... . . i “ . 367]} ' 518 518

Winter............... 388 547 547

Melons:

Cantsloupes.......... 8.38%* 6.50** 633.9 98 821 348 54.9 54.9 341 341
Bpring and fall..... .. o 55| ‘ .. 54 54
Sumimer....... Ve . - . .. 203} . 287 287

Honeydew melons.... . 66.7 98 65 52 78.0 78.0 51 51
Spring. . ..... veveen 3] 3 3
Summer........... .. .. . . .. 49| . o 48 48

Watermelons. . ....... 15.46 12.80 1,464.3 104 1,523 132 0.0 9.0 137 137
Spring......cc..... o . .. 52| 54 54
Summer........... 80 43 83

Tomatoes:
Fresh market........ 12.30 11.50 1,033.3 114 1,199 302 29.2 20.2 351 351
Processing...... .. 45.26 56.00 4,551.8 155 7,055 2,694 59.2 62.2 4,177 4,386

* U. 8. Department of Agriculture (1968).
{ Based on recent trends and tempered by judgment of commodity experts.
} Based on estimated changes in per-capita consumption and a populstion increase

of 25 per eent.

ased on statistical analysis of California share of U. 8. production for 1957-66
period. For commodities where the trend efiect was not statistically significant at the

10 per cent. level of significance, the 196165 share was used for projections to 1980.
ﬁ Empty line indicates data not obtained.

Seasonal production as proportion of total obtained from California Crop and

Livestock Reporting Service data (1966).
** Tncludes honeydew melons.



Giannini Foundation Monograph - No. 25 » sttember,~1970 - 31

season are discernible over the past dec-
ade. Therefore, the distribution among
seasong is projected to remain eonstant
to 1980.

The harvest for melons is limited to
less than seven months. There are three
major seasons for ecantaloupes and two
each for honeydew melons and water-
melons. Produetion of the spring crop,
in particular, is limited to the low
desert valleys (climate 72). The fall
cantaloupe crop also is produced in this
climate zone. The demand for melons
is separated into two seasons: fall-
spring and summer. In the base period,
approximately 16 per cent of the canta-
loupes, 6 per cent of the honeydew mel-
ons, and 40 per cent of the watermelons
were produced in the spring-fall season,
with the remainder being harvested in
the suminer. These relative seasonal dis-
tributions are projected to prevail in
1980, also.

Field crops, excluding feed grains
and hay. 1980 projeetions are given in
table 9 for wheat, dry edible beans, po-
tatoes, rice, sugar beets, safflower seed,
alfalfa seed, and cotton. With the ex-
ceptions of dry edible beans, potatoes,
and safflower seed, the methods de-
seribed for projecting to 1980 apply
without further comment. For dry ed-
ible beang and potatoes, it is important
to specify demand by variety. For saf-
flower seed, estimates were related to
the demand for oilseeds as a group.

Varietal demend. Most of the demand
estimates relate to all varieties of a par-
ticular commodity. However, just as
there are important seasonal demand
characteristics for lettuce and melons,
there are important varietal aspects
that affect produetion patterns of other
erops, especially for dry beans and po-
tatoes.

Many varieties of dry edible beans ave
produced in California, and a single
yield estimate is not appropriate for all
types in any area. The yield estimates
developed in this study, as discussed in
the following section, are, for example,

considerably higher in Region 2 (the
Central Coast) than in Regions 4, 5,
and 6 (regions of the Central Valley).
(See figure 3, p. 33.) However, for
bean varieties such as blackeye, pink,
kidney, and baby lima, the yields ob-
tained in the Central Valley are higher
than in the Central Coast. These varie-
ties will likely eontinue to be produced
in the Central Valley proportionate to
their current share (54 per cent) of
total dry bean production. Thus, these
varieties are specified separately in
table. 9.

Potatoes produced in Region 9
(mountain valleys) are predominantly
the Russet-Burbank variety. This va-
riety is a high-quality potato for fresh
consumption and is projected to retain
at least its current share (approxi-
mately 18 per cent) of total California
potato production. The demand for this
variety is specified separately in tahle 9.

The varieties discussed have a com-
parative growing advantage in the spe-
cified areas. However, because of a rela-
tively high cost per unit in comparison
to alternative varieties produced in
other areas, no production would be
assigned in these areas by a least-cost
allocation model. To assure that, in the
mode] solutions, minimum quantities of
these crops are grown in the specified
areas, separate demand estimateg are
established for these varieties,

Safflower and related oil crops. Cot-
tonseed and safflower oil are the only
important vegetable oils currently pro-
duced in California. The projection of
cottonseed oil is directly related to the
projected level of cotton production,
shown in table 9, plus any change in the
yield of oil. It is assumed that the yield
of oil will remain constant to 1980, Next,
it is assumed that California vegetable
oil production will supply a given share
of the 1980 United States demand for
food fats and oils: 2.9 per cent, or 716
million pounds, in the constant share
demand estimate and 3.9 per cent, or
961 million pounds, in the projected



TagLE 9

PROJECTED DEMAND FOR CALIFORNIA FIELD CROPS (INCLUDING POTATOES AND EXCLUDING FEED GRAINS
AND HAY), 1980, BASED ON CONSTANT AND PROJECTED SHARE OF U. 8. DEMAND

: . . California share of Projected California produection
U. 5. production Caéxful;pm U. 8. production 1980 based on:
Crop production,
average
Average 1901-65" | Projected 19801 1961-63 Average 1961-65% Projected 1980 | 1961-65 share | Projected share
1,000 tong per cent 1,000 tons
Wheat......oovii i e cee e s 36, 460 56,459 263 Q.72 0.53 407 299
Dry edible beans, P 938 1,159 164 17.48 15.18 203 176
Baby lima, kidney, blackeye, pink dry edible, ..... . [ 89 . .. 110t 951
Potatoes. . ..oovit it e 13,626 15,994 1,518 11.14 11.14Y 1,782 1,782
Russet, Burbank o .. 149 . .. 175§ 1758
Riee, rough....... S PPN 3,399 4,154 7065 22.49 22.491 934 934
Sugar beets. .. ....c.oviiriieiiien iy 20,718 26,806 5,867 28.32 20.44 7,501 7,892
Safflower seed. ........coivuvniiiiiiriiicanir i 308 248 678 8804
1,000 tbs 1,000 lbs
ABHE 880d. .. 1o evnneeei e ieen 133,020 149,327+ 46,030 34.50 26.47 51,057 39,527
1,000 bales (500 lbs gross wt) 1,000 beles (500 1bs)
(87277275 /AP 14,935 16,594 1,753 11.74 18.70 1,948 2,77
million lbs million Ibs
Baasis of estimates of safflower:
Foodfatsand oil.........oviini i, 13,536 24,636 2.90 3.90 716 961
Cottonseed oil. 1,937 -2,152 11.62 16.52 250 355
Safflower oil... 2.2t N oL 486 606

* 1. 8. Department of Agriculture (1968).

t Estimates, except where noted, are based on Daly-Egbert (1966a) as reported by
Farrell (1969, p. 13), but are adjusted downward (approzimately 4 per cent) to account
for change from Series B to Series C population level as given by the U. 8. Economic

h Service and Forest Service (1967a).

1 Estimated minimum Central Valley production.

{ Assumed equal to the 196165 average.

Estimated minimum Region 9 production (see figure 3, page 33).

|| Produetion in 1980 estimated from analysizs of food fats and oils shown in the table.
Tor example, from the constant share projection of fats and oils (716 mil. 1bs.), cottonseed
oil is subtracted (250 mil. Ibs.) leaving a residual requirement of safflower or other oils
(466 mil.lbs.). The safflower seed required to produce this oil is obtained by dividing the
last figure by the yield of oil of 34.4 per cent, (196184 average) and converting from pounds

to tons (678,000 tons).

** Assumed proportionate to the increase in hay production.
tt U. 8. Department of Agriculture (1966). .
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Region

1 YNorth Coast (Fig. A-1)

2 Central Coast (Fig. A-2)

3  South Coast (Fig. A-3)

4  Sacramento Valley (Fig. 4)

5 San Joaquin Delta (Fig. 5)

6 San Joaguin Valley (Fig. 6)

7 Desert (Fig. 7)

8 Intermediate level mountains {Fig. 8)
9 High elevation mountains (Fig. 8)

Fig. 3. California production regions. For details see figures in Appendix A.



, TasLe 10
CALIFORNIA FEED SUPPLY AND DISTRIBUTION, 1961-65 AVERAGE WITH PROJECTIONS TO 1980

s High protein Other Total s
Ttem Feed graing byproducts byproducts concentrates Hay Silage* Pasture
1,000 tong 1,006 AUMa
1861~1988
Beginning stoeke. . ..o iii i 1,587.0 40.3 . 1,822.3 . “ Ve
Produetion 2,578.4 < B28.2 1,282.4 4,420.0 7,410.6 1,557 27,628
Tmports and inshiproents. .. ..ooa e 2,111.4 2111 485.1 2,807.7 166.9 - AN
TOTAL BUPPLY . ...oovviiviaiiercnnnisen #,271.8 874.6 1,717.5 8,864.0 7.571.5 1,557 27,628
Livestock feed:
Dairy eattle. ... covvvniririrmniiaininnns 615.8 185.3 683.2 1.484.3 5§,363.0 1,557 6,884
Heef cattle....... 1,520.0 144.7 767.1 2,431.8 1.886.8 o 15,788
Bheep and Iawmbs. 0.6 .. 0.5 1.2 4.4 .- 4,875
Hops........... 109.3 14.2 3.9 127 4 3.7 . i
Poultry...... 1,843.8 527.8 257 .5 2,629.0 .
Other (residual} 168.8 2.6 2.8 174.1 100.8
Fobsl. oo e e 4,258.1 B74.6 1,715.0 6,847.8 7,350.7 . 1,587 - 27,628
Ending stocks. .. ...t 1,449.6 .. .. 1,449.8 .
Exports and outshipments. . 313.0 . 2.5 315.5 226.8
Seed.....oooiiiiiinia 1.7 n.v ..
Food and industry. ........oooiiniiiiiiinnns 150.4 159.4
TOTAL DISTRIBUTION.,.......oocvnn s 6.271.8 874.6 1,717.6 B.884.0 7.6877.5 1,557 27,028
Projected 19801
Production...ocovviunreeviianiiiianarrraan 3,450.0 1 i 1 8,174.0 1,876 30,623
Imports and inshipments. .. ......... .. .00 1,878.1 i i b 218.8 . ..
TOTAL BUPPLY ... . 5,328.1 9R1,9 1,943.8 8.843.9 8,800.9 1,876 30,623
Livestock feed:
Dairy eattle.. 677.4 208.9 7587 1,632.0 5,868.9 2,876 7,658
Beef cattle. ... . 1,761.0 162.7 891.8 2,815.5 2,054.8 s 18,628
0.5 .. 0.5 1.0 14.5 4,336
8.7 16.5 2.9 4.0 2.7 .
2,075.8 802.3 201.9 2,089.8 .
168.8 2.8 2.8 174.3 193.2
4,764.0 §82.0 1,416 7.G87.6 8,164.1 1,878 80.623
. 313.6 R 2.5 315.5 226.8 .. o
Beed. ..o ey 91.7 . . 9.7 .
Foodand industry.......ovvvnenninneninenins 159.4 .. .. 159.4
TOTAL DISTRIBUTION,.........cveusen 5.328.1 9820 1.044.1 §,25¢.2 8,390.9 7,878 30,823
* Entirs State prodnetion of silage assumed fed to dairy cattle. imports apd inshipments is 2,005,100 tons. Similarly, hay and silage production projee-
.. 1 Beginning and ending stocks are assumed to balance. Exports, seed, food, and  tions are slightly lower based on revised estimates given in that report.
industry uses are held at 1981-85 average levels. Feed grain total sy ppl;g equals that re- I Not projected individually, B
ported in Dean et af. (1870): however, in that report produetion is 3,323,000 tons and Sovrces: Snider and King (1970) for 1961-65, and 198D projections by authors,
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share estimate. The latter share, like
others in this group, is based on recent
trends. With California eottonseed oil
production projected, the remainder,
466 million pounds in the constant-
share estimate and 606 million pounds
in the projected-share estimate, of vege-
table oil production is projected as saf-
flower and related oils. Converting these
values to tons of safflower seed, the 1980
constant-share estimate of 678,000 tons
and the projected-share estimate of
880,000 tons are obtaned.”

Feed and Livestock Projections

California is a deficit state with re-
speet to many livestock and poultry
produets and also for feed grains and
by-produet feeds. Projections of the
future level of feed grain and produe-
tion in California are complicated by
questions as to the future level of de-
mand for livestock produets, changes in
feed conversion efficiency, the level of
inshipments of meat versus California
production, and the level of net inship-
ments of feed versus California produe-

tion. This study provides projections of -

the 1980 level of livestock and poultry
feed grain and hay requirements and
estimateg of the amount likely to be pro-
dueed in California. ‘

Feed grain and hay demand as a
constant share of United States output.
Feed grain and hay preduction in 1980
were projected by two methods. The
first was similar to that deseribed for
other crops; namely, to take the ad-
justed United Siates production pro-
jeetions for 1980, ealeulate California’s
1961--65 share of United States produe-
tion, and apply these percentages to the
projected United States production
level. This method is open to question
because California feed grain produe-

tion is a small percentage of the United
States total (1.74 per cent), and this
method does not make explicit the as-
sumptions as to changes in livestock
numbers, changing feeding efficiency,
and inshipment levels.

Feed grain and hay production
based on independent livestock pro-
jections, The second method of obtain-
ing projections of feed grain and hay
production is based on projections of
individual livestock numbers and feed-
ing rates. Estimates were developed by
Snider and King (1970) for the feed-
livestock bhalance for California in the
base period of 1961-65. Projections of
livestock and poultry numbers in 1980
were developed from research gtudies of
individual sectors, where available, and
additional analysis of recent trends. A
complete statement of these projections
is available in a forthcoming report by
Dean et al, (1970) and thus only a
brief statement of these estimates is
given here. The feed supply and distri-
bution for 1961-65 and 1980 are sum-
marized in table 10, ‘

Dairy cattle projections are based on .
Forker (1965) and Siebert (1967) with
some modifications. Self-sufficiency in
fluid milk production is projected to
continue, but with some inshipments of
certain manufactured produets. It is
assumed that population will inerease
to 26.4 million in California by 1980,
but that consumption per capita will
decrease by 3.6 per cent. Feed inputs re-
quired per cow are projected to remain
constant. Because of a projected in-
erease in milk production per cow, feed
inputs per unit of milk are expected to
deerease by 19 per cent, except for si-
lage. With increased cow numbers, total
feed grain and hay consumed by dairy
animals will inerease 10 per cent.

© Not all this expansion is likely to be safflower seed. Recent plantings of new sunflower seed
varieties have produced favorable yields, and considerable expansion of these and related oil
crops is expected. Beecause production and market characteristics of these erops are similar to
to those of safflower, their production will be included in the safflower projections.
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The projection of feedlot cattle mar-
ketings in California is based on the
projected inerease in per-capita con-
sumption, estimated by Daly and Eg-
bert (1966b), plus studies of the com-
petitive position of the California in-
dustry by Hopkin and Kramer (1965)
and by King and Schrader (1963). In
1964, California feedlots supplied 52
per cent of the beef consumed in Cali-
fornia, as estimated by Liogan and King
(1966). Because the feedlot industry
depends primarily on inshipped feeder
cattle as a source of supply, develop-
ments of feeding industries in other
states make projections hazardous. In
recent vears slightly more than twice
as many calves have been shipped into
California as stockers and feeders than
have been raised in the State. Increas-
ing the number of calves produced on
range appears unlikely in view of the
competition for grazing areas. These
factors, coupled with the faet that cattle
ranching generally returns low profits,
as discussed by Dean et al. (1966) and
Ching (1967), would suggest only lim-
ited possibilities for expansion in range
cattle numbers in the State. Thus, feed-
lot marketings are projected to increase
by only 28 per cent over the base period.

Sheep and hog numbers are projected
to decline, reflecting recent trends in
these industries. Increased feeding effi-
ciency is projected for hogs.

The pouliry industry is composed of
three distinet enterprises: egg produec-
tion, turkey production, and broiler and
fryer production. Egg production is
based on the assumption of self-suffi-
ciency to meet consumption needs in
1980. Numbers of layers are based on
projected increases in eggs per hird
from 225 in 1961-65 to 235 in 1980.
Feed per poultry unit is held constant
which implies inereased efficiency per
unit of produection, given inecreased
rates of lay per bird. Broiler production
in California is expected to increase but
not at a rate to maintain California’s

present share of United States produc-

tion. This assumes that the intense com-
petition from the Southeast will con-
tinue to 1980. Turkey production in the
United States is projected to increase
by almost 90 per cent by 1980. Califor-
nia currently is the leading state in pro-
duetion, with 18 per cent of United
States production. However, this per-
centage has been declining slightly in
the past few years. A study by Bawden
et al. (1966) suggests that, because of
high-priced feed grains, California is
at a disadvantage with the Midwest and
South unless it can achieve offsetting
efficiencies in production, processing,
and transportation. The projection of
California turkey numbers is based on
the lower level of 15 per cent of United
States production. Feed requirements
are shown in table 10,

California production ef feed grains
is projected to inecrease from 2,541,000
tons in the average 1961-65 period to
3,450,000 tons in 1980. Net inshipments
are projected to decrease slightly from
1,800,000 to 1,565,000 tons in 1980, The
distribution of production, by grain, is
shown in table 11. For 1980 the distri-
bution of feed grain produection in Cali-
fornia is ag follows: corn (10.7 per
cent), grain sorghums (18.8 per cent),
barley (67.3 per cent) and oats (3.2 per
cent). The relative importance of indi-
vidual grains is similar to the base
period of 1961-65.

California hoay production is pro-
projected to increase from 7,411,000
tons in 1961-65 to 8,172,000 tons in
1980 hased on the bay requirements for
the levels of livestock production pro-
jected in table 10. The alternative esti--
mate, based on California hay produe-
tion as a share of United States produe-
tion, ig 141,000 tons higher, as shown in
table 11. The projection of alfalfa hay
production is based on a percentage of
all hay. In 1961-65 alfalfa production
totaled 84 per eent of all hay produc-
tion in California, and this is projected
to increase to approximately 88 per
cent in 1980,
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) TapLE 11
PROJECTED DEMAND FOR CALIFORNIA FEED GRAINS, HAY, AND BILAGE,
1950, BASED ON CONSTANT SHARE OF U. 8. DEMAND AND CALIFORNIA
LIVESTOCK PROJECTIONS

U. B. producti Californi Ec‘lrojfytedlg)ggifgmiﬁ o
. B. production ornd alifornis uction, , based on:
g Californin gyt of U, 5. e
Crop ‘Dl':ll v:r(;;g ' production, .
. 1061-65 average Independent
Average Projected 1961-85 196165 share livestock
1961-65* 1980t ) i projectionst
I ,OOD'tons : per cent 1,000 tans
Feed grains:. . ........ 147,053 221,390 2,541 1.74 3,854 3,450%
(o722 SOOI 106,523 - 180,200 244 0.23 Fi1:t 368
15,358 23,200 481 . . 3.13 723 849
9,758 ) 14,818 1,733 17.76 2,632 2,323
15,417 23,172 63 54 128 119
120,113 134,787 7.411 g7 B.31% 8,172
. o 6,225 . 7,318 7172
1,186 s 1,000§ 1,000%
1,357 .. 2,270]) 1,870
1,305 . 1,903 1,573
252 . 367 303

* 1. 8. Departivent of Agriculture (1968}, . ’

t Estimutes based on Daly and Egbert (1986h) ns reported by Farrell (1869, p. 13}, nnd adjusted from Series B to
Serfes C population level. This estimate for total feed grains is about 11 per cent higher than that estimated by Dean
ot al., {1970) based on slightly different assumptions concerning feed requirements and inshipments,

1 Bee table 10 for projections of Califarnia feed supply and distribution based on projected numbers of livestock pro-
duced, feeding efficiency, and feed inshipments. R ] . : K

€ Proportion of individual feed grains in feed grain mix are projected to change slightly as indicated by recent trenda,

§ Production of nonalfalfa hay is projected to continue in a dewnward trend from 1,186,000 tons average in 1081-65.

I ' Not based on a share of U, ¥, demend assumption, but en & preliminary California milk demand estimate 48 per
cetit higher than average 1061-85 (the same ns anticipated increase in population). ’

CONDITIONAL PROJECTIONS OF YIELDS
AND PRODUCTION COSTS

The per-acre cost and yield estimates. tated by published data; ie., yield esti-
by HPA used in the location analyses, mates by FIPA were normalized to be
and additional detail concerning esti- consistent with published county and
mation and projection procedures are State yield data. The base area budget
contained in Shumway and Stults and standardized unit costs were ad-
(1970). General procedures are dis- justed by HPA to be consistent with

cussed briefly in this seetion. county Agricultural Extension Serviee
Published data and the judgment of estimates.

agroup of resource and erop production ,
experts provided the basis for deter- <vijald Trends and Projections
mining average nonland cost and erop . : .
vield per acre in each HPA. Relative Average yield per acre of all major
vields and nenland costs of the included ~ erops in California has risen rapidly in
¢rops among HPAs were determined the last several decades. Technologlcal
1 chieﬁy by expert Opinion’ i[ieluding innovat-ions, improved plant Varieties,
farm advisors in nearly all counties, and better managerial skills have had a
UC commodity, soils, climate, and irri- marked impact on yields. Given the cur-
gation specialists, and engincers of the rent emphasis on research and adoption
California Department of Water Re-' of new ideas, this upward surge is ex-
sources. The absolute levels were die- pected to continue, but at what rate?
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High-value excluded commodities.
Farrell (1969) has projected yield
levels to continue to inerease in each
high-value erop group in California be-
tween average 1961-65 and 1980. To
assess the yield estimates used by Far-
rell, a linear least squares yield 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. Perhaps
the regression and Farrell estimates
bracket the likely range in yields. For
purposes of this study, an intermediate
estimate for the orchard and vineyard
yields is used, based on a simple aver-
age of Farrell’s projection and that pro-
jeeted by the 1930-66 linear trend. The
rate of yield increase between average
1961-65 and 1980 for excluded vege-
tables is the same as Farrell’s estimate
for all vegetables. Table 12 provides
yield projections by commodity groups.

Included commodities. T'wo-point es-
timates for the 1980 yield of the repre-
sentative commodity of each ecrop group
included in the location analyses were

obtained by statistical estimation of
time trends using (1) a linear equation

Y=a,+b,T, (13)
and, (2) a logarithmie equation
log.Y = a,+ b, log.T, (14)

where T is year (Twes=1) and Y is
average California per-acre yield. Least
squares estimates of ¥ were obtained
for the year 1980. The estimated 1980
yields of each crop relative to average
196165 yield are reperted in table 13.

Although ‘‘significant” measures of
reliability were obtained from both
equations for most crops, absolute con-
fidence was not placed in either set of
statistical estimates. Instead, these es-
timates were modified by the judgment
of commodity specialists. Using the his-
torical data and statistical estimates of
trend as reference material in confer-
ences with the specialists, the following
question was asked for each commodity:
“What do you consider will be the most
likely level of average yield in Califor-

TaBLE 12

YIELD PER ACRE FOR CALIFORNIA ORCHARD CROPS AND EXCLUDED
VEGETABLES, 1961-65 AVERAGE AND 1980

1980 projection
Commadity group }3?&1;;22;"
Linear By Farrellt This study
tons 1961-1965 = 100
Orchard crops:

Deciduots. . c.ooovi i i e e 6.80 1261 110 118
L8 4 T 9.00 128 115 122
Semitropical. ... ..... ool i e 2.44 136 110 123
[ Y o 7.30 126 120 123
Tree DULS. . . ovvr i ey .63 133 115 124
Excluded vegetables..........cooviiiiiniiniiieriirinece 6.65 1 125 125

* Yield per bearing acre.
1 Farrell (1969, p. 13).

1 A high degree of confidence could not be Slaced in the linear trend for peaches and pears. Therefore, this figure is

based on projection for these two crops average

with a linear projection for the otber deciduous fruits. The relationship

of the nonlinear to the linear projection for these commodities is as follows:

Average

vield,
Crop 1961-65
tons
Peaches.......... 11.43
Pears............ 8.92

T Not derived.

Linear Nonlinear
projection, projection,
1980 1980
tons tong
15.10 14.00
13.88 12.50
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TasLE 13
YIELD PER HARVESTED ACRE FOR CALIFORNIA FIELD CROPS AND
VEGETABLES, 1961-65 AVERAGE AND PROJECTED 1980
1980 1980 1980
Coammodity 1961-1965 weighted average* linear logarithmie projectiont
projection projection by specialists
unit yield yield index (1961-1965 = 100)
Vegetable crops:
ABDETAZUS. .. .ot ewt 29.8 107 01 111
Broecoll. ... cvviiiininnniniiniinn, owt 83.4 123 09 122
Letbuee. . .ovevreiiiiiiai i, cwt 197.2 1291 1081 126
Cantaloupes......coovveriiciiiinens cwt 136.4 1229 109§ 115
Potatoes.....oocviviiiiiiniiniian, cwt 299.8% 123 110 121
Tomatoes for processing. ............ tons 18.7 141 121 160
Field crops:

Cornfor grain.......coovovenreneninnn bu 80.4 164 126 160
Barley...oooeiieeiiiiie e bu 50.4 135 105 134
Grain sorghum. .......oovviviienn. .. bu 70.4 142 109 142
Allalia hay.. ..o oiveiivernaininnnns tons 5.3 115 101 118
Drybesng, .. ....ooooiiiiiinianinnss cwt 14.4 113 105 113
RiCE...oviiinavinsviiiiiniiciiavins ewt 48.0 140 108 135
BafloWer. .. vviireirrii i ewt 19.8 152 131 141
Sugarbeets................. ool tons 20.5 115 108 115
{67317 1) NN lbs 1,097.0|| 133 106 115 «

* California Crop and Livestock Reporting Service (1986, 1967a).

1 Values used for projecting yields in this study.

1 Regression estimates from fall-lettuce data.

{ Regression estimates from summer cantaloupe data.
ﬁ All potatoes marketed—not just USDA £1.

Net cotton lint yield—does not include bags and ties.

nia in 1980%” The background assump-
tions for these yield projections were as
follows:

1. Yield estimates to be based on
probable adoption of known tech-
nology;

2. No continued major wars and no
depression;

3. Target year 1980 will be a normal
year with no unusual weather con-
ditions, disease problems, and other
unusual circumstances;

4. No shifts in produetion locations.”

The specialists’ 1280 yield estimates
are also recorded in table 13 and were
used to project yields in this study.
With three exceptions, their estimates
eoincide with either the linear or cur-
vilinear regression estimates or fall
somewhere between these two extremes.

In the application of these estimates
to HPA yields, it is assumed that (1)
the yield of a given crop will increase
by the same percentage in all HPAg,
and (2) yields of all crops in a commod-
ity group will increase at the same rate
as the representative erop. Under these
conditions, yield in each HPA will in-
crease at the same rate as average state
yield.

Nonland Cost Projections for
Included Crops

The unit price of all nonland agricul-
tural inputs in the U. 8. has increased
16.6 per cent during the 15-year period
between 1945-49 and 1960-64 (U. 8.
Department of Agriculture, 1957, and
U. 8. Statistical Reporting Service,
1965). According to Farrell (1969, p.
6), “The [California] farm sector is

¥ The importance of this last assumption is obvious: the objective was to estimate the increase
in yield that could be expected within ap HPA, not because of production shifting to another
HPA with a superior or inferior scil-climate mix.
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now (1965) producing nearly one-third
greater output, with only 3 per cent
more total inputs than in 1950.” Be-
cause cropland usged in California actu-
ally decreased during the period 1950-
65, the inerease in nonland inputs was
more than 3 per cent. Provided (1) that
a 5 per cen{ increase in physical non-
land inputs between 1950 and 1965 was
a reasonable estimate, (2) that nonland
inputs between 1965 and 1980 will in-
crease at the same rate, and (3) that
unit costs (factor prices) will increase
an average of 17 per cent, then total
nonland production costs will increase
by 23 per cent between 1965 and 1980.

Although the unit costs of some in-
puts (e.g,, labor) have been increasing

-at a more rapid rate than others, there

is considerable opportunity for input
substitution in agricultural produetion. .
Hence, the distortions caused by pro-
jecting all input costs to increase at the
same rate between 1965 and 1980 may
be little more than those caused by pro-
jecting the cost of individual eategories
independently based on historical
trends. In summary, the nonland pro-
duction costs for all erops in the 1980
projection models are assumed to be 23
per cent higher than in 1961-65.

ALLOCATION MODEL RESTRAINTS

‘Barlier sections of this report were
devoted to a discussion of HPA deline-
ations, urban “demand . for land ve-
sources, and consumer demand for
foods and fibers. Following an initial
discusgion of the alternative LP (linear
programiming) models used in the anal-
.ysis, the remainder of this section will
foeus on the relevance of the abave esti-
mates in developing the model param-
eters. Additional procedures followed
to complete the specification of the de-
mand, land, water, and rotation re-
straints also are discussed.

_ Structure of Alternative Models

Four specific LP models are devel-
oped for use in this study. One (Model
1961-65) is to determine optimum loca-
tions of production in the base period,
196165, in the absence of governmen-
tal programs. The demsand levels, re-
sources available for included ecrops
after consideration of wurban and ex-
cluded high-value erop requirements,
and variable cost and yield parameters
for the model erops are estimated for
this period. The other three models

(Models 1980A, 19808, and 1980C) are
for the projected year, 1980,

The differences among the 1980
models are designed to answer speeific
¢ruestions concerning the future of Cali-
fornia’s agricultural industry or to add
greater realism to the analysis. The ob-
jJective of each is the same as that of the
base period madel; that is, to minimize
total nonland production costs subject
to minimum output restraints and max-
imum area resource restraints, The cost
and yield estimates, as projected to
1980, are the same in each of these
models, as are the total land, irrigated
acreage, and individual erop acreage re-
straints. Total land and individual crop
restraints in 1980 are lower than in the
base period because of additional re-
quirements for urban and - excluded
cropland in 1980,

Actual 1961-65 California produe-
tion of each ineluded crop is used as the
basis for the Model 1961-65 demand re-
straints.”® The 1980 constant share de-
mand projections are used in Model
1980A. The feed grain and alfalfa hay
estimates based on projected livestock

18 Production figures repofted by the California Crop and Livestock Reporting Service (1966,
_ 1967a) were used to develop the base period demand restraints. This data series was nsed, rather
" than those in the demnnd projections seetion, to be consistent with other data (yield and acreage)

wvsed for this model.
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numbers and the projected share esti-
mates of other crops are used in Model
1980B. Demand levels in Model 1980C
are the same as in Model 1980B; how-
ever, substitution among feed grains is
allowed in the selection of the least cost
mix to meet total net energy require-
ments. A single feed grain restraint re-
places the separate restraints for each
feed grain category.

The specific erops included in the
analysis are the same in each model.
Those commodities which have suffici-
ently similar production requirements
or demand structure are grouped and
represented in discussion by the most
important crop. No distinction is made
between alternative marketing outlets,
such as fresh and processing markets
for vegetables. The crops included in
the study represent 91 per cent of 1966
acreage and 83 per cent of 1966 value of
production of field and vegetable crops
(California Crop and Livestock Report-
ing Service, 1966, 1967a). The specific
crops included in this part of the study,
together with the representative erop
of each group and the model erop activ-
ities, are identified by group in table 14.

Demand Restraints for Included
Crops

Conversion of demand estimates to
representative crop units. For the crop
groups - represented in the linear pro-
gram by a single commodity, one de-
mand estimate for the entire group is
obtained. It was assumed that relative
yields of each of the crops in a group
remain constant over HPAs and that
they increase at the same rate over time.
For the model solution accurately to
reflect the acreage required for the
group, demand for the nmonrepresenta-

~ tive crops are converted into units of

the representative crop in proportion to
their average 1961-65 State yields. The
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group output restraints are given in
Appendix table B-4,

Feed grain demand as a single re-
straint. One alternative to demand pro-
jections by specified crop groups is ana-
lyzed in this study and incorporated
into the demand restraints for Model
1980C. This alternative is to remove the
minimum demand restraints from each
of the individual feed grain groups,
specify a single minimum feed grain
demand, and solve for the minimum
cost feed grain mix.

The yield and output estimates of the
barley and sorghum groups used in
Model 1980B are converted to corn
equivalent net energy units. The rela-
tive net energy values used for conver-
sion were derived by an average of esti-
mates obtained for various classes of
livestock and poultry weighted hy the
portion of 1961-65 feed grains fed to
each class.” The average relative net
energy values are 1.00, .96, and .93 for
corn, sorghum and barley, respectively.
The demand estimate 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, except for the barley
group. This last group includes the food
grain, wheat, as well as feed grains, bar-
ley and oats. Its restraint, therefore, is
set at the projected demand leve]l for
wheat multiplied by the relative 1961
65 yields of barley and wheat. These
minimum demand restraints are given
in Appendix table B-4.

Land Restraints

Residual resource inventorying is
used to estimate the HPA acreage re-
straints on model crop activities. Acre-
age estimates for land uses which nor-
mally return a higher marginal value
produet to land than the included crops

1 Net energy values for ruminants are from Lofgreen and- Garrett (1968, p. 25); for hogs
from National Academy of Sciences (1968); and for poultry from a verbal estimate by Wilbur
0. Wilson, Department of Poultry Hushbandry, Davis. The breakdown of feed grains fed to each
class, as given in table 10, is ruminants—54.2 per cent, poultry—43.2 per cent, hogs—=2.6 per cent.
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TasLE 14
CROP GROUPS, REPRESENTATIVE CROPS, AND MODEL PRODUCTION
PROCESSES
Study crop Repl;aqentative erop Model erop activity (production proeess)
Vegetable crops:
Asparagus Asparagus Asparagus
Cole crops: Broeeoli Broceoli (single crop)
Broceoli Broceoli and fall or spring lettuce (double erop)
Brussels sprouts
Cauliflower
Lettuce, spring and fall Lettuce, spring and fall Lattuce, fall or spring (singla erop)
Lettuce, fall and spring (double crop)
Lettuce, fall or spring and summer (double crop)
Lettuce, summer Lettuce, sutnmer Lettuce, summaer (single orop)
Lettuce, winter Lettuce, winter Lettuce, winter (double crop)
Melons, spring and fall: Cantaloupes, spring and Cantaloupes, spring and fall
Cantaloupes fall
Honeydew melons
Watermelons
Melons, summer: Captaloupes, summer Cantaloupes, summer
Cantaloupes
Honeydew melons
Watermelons
Potatoes Potatoes Potatoes
Tomatoes Tomatoes, for processing | Tomatees, for processing
For processing
For fresh rarket
Field erops
Corn: Corn for grain Corn
For grain
For silage
Small grains: Barley Barley (fallow}
Barley Barley (nonirrigated)
Qats Barley (irrigated single crop)
Wheat Barley and grain sorghum (irrigated, double erop)
Sorghums: Sorghum for grain Grain sorghum {single erop)
For grain
For silage
Alfalfa: Alfalfa hay Alfalfe hay
‘Hay
Seed
Dry beans Dry beans Dry beans
Rice Rice Rice
Safflower Safflower Safflower
Bugar beets Sugar beets Sugar beets
Cotton Cotton . | Cotton
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are subtracted from the total invento-
ried aereage. Liand uses for which acre-
age is to be deducted from the total
include all urban, publie, and semiag-
rieultural uses, and production of or-
chard, vinevard, and excluded vege-
table erops. Liand required for each of
these uses is exogeneously estimated and
subtracted from the total HPA acreage.
The residual is entered into the model
ag an upper acreage constraint on the
sum of all model erop activities. These
“net model” acreage restraints are
given in Appendix table B-1.

The delineation and measurement of
HPAgs and the estimation of urban and
public land requirements have been dis-
cussed. Attention ig now focused on the
estimation procedures for semiagricul-
tural and excluded, high-value ecommod-
ity land requirements.

Semiagricultural demands. The re-
sidual between the total land resources
in each HPA and requirements for non-
agricultural land uses is the gross acre-
age available for agriculture. Not all of
the gross agricultural acreage can be
used for the production of erops in any
single year. Land is required for the
farmstead, farm roads and lanes, feed-
lots, eanals, and ponds. On a year-to-
yvear basis, some acreage ig lost from
erop failure or ownership inflexibilities
{such as estate transfer or operator ill-
ness). Beeause cost and yield data used
in this study are representative for a
harvested.acre, it is necessary to deduct
from gross agricultural land that aere-
age which will, on the average, not pro-
duee a erop 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 gen-
erally to all HPAs, The 1964 Censug of
Agriculture for California (1967, p. 7)

reports that “Crop Failure” plus
“Other Land™ accounts for 11 per cent
of the total land available for agrieul-
ture. “Idle Cropland” accounts for
nearly 5 per cent additional land.

The California Department of Water
Résources estimates in their land use
surveys that approximately 8 to 10 per
cent of gross field erop aereage and 4 to
5 per cent of vegetable and orchard
crop acreage iz used for farmsteads,
farm roads, and miscellaneous uses.
This estimate was related to the authors
of this report by Fred E. Stumpf, As-
sociate Land and Water Use Analyst
of the Department.

As an arbitrary standard in this
study, 10 per cent of gross agrieultural
land in each HPA is assumed to be re-
quired for uses incidental to net agri-
cultural production.

The base period and 1980 acreage es-
timates by homogeneous production
area are given in Appendix table B-1.

Orchard and vineyard crops and ex-
cluded vegetables. The final step in de-
riving net model land restraints is to
subtract from net agricultural land the
acreage required for orchard, vineyard,
and exeluded vegetable crops. All land
not required for these excluded erops or
for any of the uses already inventoried
is assumed to be available for the pro-
duction of the included erops®

The procedure deseribed in this see-
tion consists of these major parts:

1. Inventory excluded crop acreage
by HPA;

2. Update the inventory ag necessary
to a common base period (1965~
66) ;

3. Project State acreage requirements
to 1980;

4. Allocate 1980 State acreage among
HPAs,

# The term includes the above-stated uses plus wasteland and excepting crop failure and

ownership inflexibilities.

% Tn deriving the net model acreage restraints, requirements for pasture and range ave nol
also subtracted from net agricultural land, Beeause of the low marginal value product of land
in pasture and range, requirements for these uses will be allocated to land resources remaining
after the optimal loeation patterns of the model crops are determined.
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Inventory of excluded crop acreage.
The California Department of Water
Resources, in 1958, began a total inven-
tory of land use throughout the State.
Both agricultural and nonagricultural
uses were inventoried, with consider-
able detail in the agricultural inven-
tory. Sixty separate crop or ¢rop 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 in the State
has been inventoried at least once.

The areal breakdown is quite de-
tailed. Land use is identified geograph-
ically by major hydrologic area (e.g., a
river basin), county, quadrangle (eov-
ering 714 minutes of latitude and longi-
tude), and service area (e.g., an irriga-
tion district).

These data are summarized for this
study by 7% minute quads within most
counties for the excluded high-value
crops. For a few counties where quad
data could not be obtained, the most de-
tailed land use data available were used.
A preliminary inventory by the Depart-

‘ment of Water Resources for seven ag-
ricultural areas in Monterey County
was used for that county. For four other
counties where quad data were unavail-
able or unusable—Imperial, San Diego,
Modoc, and Liassen—ecounty totals were
used.

Updating to a common base period.
The allocation of excluded crops among
HPAs derived from the Department of
‘Water Resources survey was updated to
a common base period to provide a ref-
erence for projecting. The base period
selected is the average of the 1965 and
1966 crop years, The primary souree of
State excluded crop data for the base
period is the California Crop and Live-
stock Reporting Service. Where avail-
able, county acreages for individual
crops were obtained from the same

source; otherwise, Agricultural Com-
missioner reports were used.

Updating the inventory data is sub-
jeet to the primary assumption that the
allocation of excluded erops within a
county at the time of the inventory was
optimal. Hence, the acreage of excluded
crops in each HPA within a county is
scaled by the same factor.

The 1965--66 State acreage of each of
the excluded crop groups is given in
table 15. The acreage of all excluded
crops in each HPA is given in Appen-
dix table B-1.

1980 projections of State require-
ments for excluded crops. Based on pro-
jected inereases in demand and per-acre
yield (previously discussed), high-value
crop acreage in 1980 is estimated to be
1,937,000 acres (table 15). This com-
pares to an average of 1,710,000 acres
in 1961-65 and an average of 1,768,000
acres in the 19656-66 crop years. Far-

‘rell’s (1969, p. 13) 1980 projections for

these erops total 1,957,000 acres.” An
alternative set of projections using lin-
ear yield trends, constant share of U. 8.
output supplied by California, and U. 8.
output requirements based on Series C
population estimates total 1,822,000
acres. The additional 115,000 acres pro-
jeeted in thig study results from lower
yield estimates and generally larger
ghares supplied by California.
Allocation of 1980 excluded crop
acreage among HPAs is based on the
following assumptions which are appli-
cable to excluded erops as an aggregate:

1. Bxcluded crop acreage in counties
which have no land in defined HPAs
will remain the same as average 196566
acreage;

2. Loeation patternms within the rest
of the State are optimal in the base
period;

3. Urban expansion will be the major .
factor causing extensive shifting of
acreage from one HPA to another, be-

# This estimate assumes that yield and share of U. 8. market relative to 1961-65 average is
the same for the excluded vegetables as for all vegetables.
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Tasre 15

CROPLAND UTILIZED FOR ORCHARD AND EXCLUDED VEGETABLE CROPS
IN CALIFORNIA, 1965-66 AVERAGTE, 1961-65 AVERAGE, AND PROJECTED 1980

. Average Average Projected 1980 1980 as percentage
'Commodlty &roup 1965-66* 1961-6531‘1 requirement}{ of average 1961-65
1,000 acres 198165 = 100 .
Orchard erops:
Deciduous. ....cooviiirrenasnn 300 307 452 113.9
264 240 317 131.9
78 81 - 79 97.5
488 478 466 97.5
319 203 a1 126.6
229 221 252 118.8
1,788 1,710 . 1,937 113.3

* California Crop and Livestock Reporting Senmze (1968, 1967b).
t Farrell, (1969, p. 13),
Includes bearing and nonbearing acreage.
{ Acreage requirement to meet specified share of projected U. 8. cutput; ratio of bearing to nonbearing acreage
assumed to equal average of 1861-65.

TapLE 16

CROPLAND UTILIZED FOR ORCHARD AND EXCLUDED VEGETABLE CROPS
BY COUNTY GROUPS IN CALIFORNIA, 196566 AVERAGE AND PROJECTED

1980
Average 1965-66 excluded erops FProjected 1980 excluded crops
Commodity group Counties : State total Counties ‘
f;::f with land Ec:)(clllllgzg less county %g'::f with lJand Excl:&ed
in HPAs u allocations in HPAs | Sounu®
1,000 acres
Qrchard and vineyard crops.. 1,539t 1,531% 7t 0 1,685 1,678 7
Excluded vegetables
Total 86res. .,oocuinennnn 2291 2059 § 24 252 252 1]
Acreage requiredf........ 163 146 i} 17 180 180 0
Acreage excluded from net
agricultural acreage
Total acres............... 1,878 1,858
Allocated to HPAs....... 1,674 1,853

* Residual of State acreage less that allocated to counties due to different sources of data.
t California Crop and Livestock Reporting Service (1987h). Computed from unrounded data.
t California Crop and Livestock Reporting Serviee (1966},
g gahlforgia Crop and Livestock Reporting Serviee (1966) and County Agricultural Commissioners (1967).
egligible.
i Double cropping in 1965-66 was estimated at 57.34 per cent. The same percentage is assumed for 1980 projected
AacTeage.

tween the time of the inventory and B. The ratio of double-cropped to

1980; single-cropped vegetable acreage will
4. A specifiec climate is more impor- remain the same as that estimated in the

tant than a specifie soil to the produc- 1965-66 period.

tion of excluded erops; and Given the above assumptions, the
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acreage of excluded crops in all HPAs
will inerease at the same rate. The ratio
of 1980 to 1965-66 excluded crop acre-
age in counties having land in HPAs is
1.1073 (1,858 - 1,678, see table 16).

In only five HP As, all of which are in
Southern California, did the estimates
of additional urban land requirements
limit the acreage of excluded erop ex-
pangion to less than the acreage thus
estimated.® In none of the HPAg was

“the net agricultural acreage exceeded
by more than 2,000 acres. In each case
in which projected urban acreage lim-
ited the expansion of execluded crops,
the excess requirement was transferred
to most similar soil in the same climate.

Summary of land restraints. Two
sets of upper limit parameters on total
included erop aereage have been devel-
oped in this section. One ig the base
period land restraint, which is equal
to total inventoried acreage less 1965
urban land, public land uses, semiagri-
cultural requirements, and execluded
crop acreage. The other is the 1980 pro-
jected land restraint, based on the same
adjustment proeedure. Restraints equal
to the former will be used in Model
1961-65, and equal to the latter in each
of the 1980 models.

The remainder of this section will
focus on the development of parameters
which restrict the acreage of particular
crops in given areas.

Rotation Restraints

Rotation is an important physieal
and economic cultural practice for
many crops. However, it is often more
important in the rotation cyele to take
land out of the production of a specific
crop for one or more years than it is to

plant to another specified eommodity.

With many production possibilities
open to most farmers, rotation practices
in the State generally are flexible;
hence, activities which involve a fixed
rotation pattern were not built into the
models. Instead, restraints were im-
posed on the maximum aereage in an
HPA which eould be planted to a par-
ticular cropping activity in a typical
year if the same crop were to be grown
in that area for several years in a row.
The following questions were asked of
commodity and plant pathology special-
ists at the University with respect to a
typical HPA:

1. How many years in ten eould crop
X be grown on the same land without
adverse effects on yields or quality if
currently accepted management praec-
tices were used?

2. By how much, if any, would this
estimate be reduced if a large contigu-
ous area (e.g., 30,000 acres) were
planted to this crop?

These estimates were converted to
ratios and the rotation coefficients thus
obtained are recorded in Appendix
table B-3. Rotation restraints on indi-
vidual erop activities are computed by
multiplying net model acreage for any
HPA by the rotation coefficient for that
activity. Only one coefficient is recorded
for each crop aetivity. No detailed sur-
vey was made of rotation requirements
ag a funection of soil, elimate, or second-
ary crop(8) in the rotation pattern.

Water Availability

Gross annual rainfall in California is
adequate to meet agricultural, indus-
trial, and munecipal requirements for
many years to come. However, the spa-

% Although enough land is available in most of the HPAs technically to allow the projected
expansion of excluded crops, there likely will be more transferring of acreage, particularly of
orchard and vineyard erops, to HPAs without heavy urban pressures. Some of the fruit and
nut erops to be removed by urban expansion undoubtedly will not relocate in the same vicinity
to be removed again soon after the projection date of this study. Personal correspondence with
heads of orchard and vineyard crop marketing and cooperative organization in 1968 indicates
congiderable shifting of orchard erops from Coastal valleys to the Central Valley.
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tial 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 its north-
ern third, while the greater require-
ments are in the central and southern
portions (California State Water Re-
sources Board, 1955, p. 25); and most
of the rainfall oeceurs between October
and April, while the bulk of the erop
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 eost in some areas of the State. In
other parts, either overdraft pumping
of groundwater or importation of sur-
face water is necessary to meet the ex-
isting demand for water. When water
must be imported long distances or a
pumping overdraft oecurs for many
years, the cost of water may become
prohibitive for agricultural purposes.
Water is a physically limiting resource
for agriculture in only a few areas of
the State; but in several areas, cost ef-
fectively limits its use for certain erops.

The areas designated by Department
of Water Resources engineers, Louis R.
Mitchell and Helen Peters, as having
water resources in limited supply to
agriculture, and without prospects of
importing additional water by 1980,
include the coastal valleys of Santa
Barbara County; the coastal terraces of
San Mateo and Santa Cruz counties;
the high-elevation mountain counties——
Mono, Sierra, Plumas, Liassen, Modoc,

.and Siskiyou; and the intermediate-
level desert-——Antelope and Owens val-
leys. The limited water supply will
likely prevent an expansion of irrigated
agriculture in these areas. Most recent
irrigated acreage data gvailable, typi-
cally 1964, was used to estimate irri-
gation restraints in these areas. The
HPAg for which restraints on irrigated

" acreage are imposed at less than net-

model acreage, by region, include:

Mountain
Central Valleys

Coast Desert {Regions
(Region 2) (Region T) 8&9)
0222 0171 1381
0224 0371 0191
2121 2471 0391
2122 1291
2124 2391

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

In all other areas of the State, this
study estimates, adequate water sup-
plies exist or can be made available to
irrigate net model acreage. It is recog-
nized that the cost of additional water
to expand agricultural production may
be more expensive than that currently
used. Insofar as such estimates could be
obtained, this information was taken
into account in the development of typi-
cal water cost figures in the preceding
gection.

Summary of Model Restraints

This section discusses four types of
model parameters. One type specifies
the minimum quantity of each crop
group which must be produced to sat-
isfy demand. The other three limit the
acreage of all or part of the crop activ-
ities in specific areas. One or more of
these parameter types vary between al-
ternative models.

With these parameters specified as
model restraints and the per-acre yield
and nonland production costs estimated,
the parameter estimation for the linear
programming models is complete. The
nonland cost estimates provides objee-
tive function coefficients, and the per-
acre yield estimates provide the nonzero
coefficients in the demand rows. All
other coefficients in the matrices have
values of zero or one sinee the resource
restrainis and the activities are each
specified in aere units. The following
sections focus on the insights gleaned
from the allocation model analyses.
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1961-65 REGIONAL RESOURCE USE

Although this report fecuses on pro-

duction in 1980, there are two impor-’

tant reasons for znalysis of production
" in a base period of 1961-65:

1. To make comparisons of the differ-
ences In resource use, harvested
crop aereage, and location of pro-
duction between the “actual” and
the linear programming  solution,
with (a) given levels of State out-
put, (b) model yields by HPA nor-
malized to the State average for the
same period, and (¢) model costs
representative of actual costs; and

2. Te provide a base-period optimal
solution with which to eompare the
effeets of urban expansion, inereas-
ing cost and yield, and a changing
demand for agricultural products
to 1980.*

Specifically, this approach should fa-
cilitate separation in the discussion of
the 1980 model solutions between (1)
the effects of changing parameters over
time by comparing model resulis in
1961-65 and 1980; and (2) the changes
in production patterns from actual
1961-65 levels to model production pat-
terns in 1980 that include effects in (1)
plus possible inefficient loeations at
present.

The first purpose should be clearly
distinguished from testing the validity
of the model. The model is normative;
its value is not measured by how elosely
it approximates the real world. Possible
explanations whieh might cause the
model solution to differ from the aetnal
include the following: (1) resources are

not optimally a;llocatéd in the base pe-

riod; (2) farmers do not have the single
. objeetive of maximizing profits; (3)

relevant variables have been omitted;
(4) the data collected are incorreet or
inadequate; (5) there is a nonlinear re-
lation among variables over the rele-
vant range; or (6) the model is too ag--
gregative—i.e., variation in cost and
vield within an HPA, or seasonal or
special markets may be more important
than sssumed in the model develop-
ment,” ‘

Comparisons of actual 1961-65 and
LP solutions are presented in three
major gections, First, the optimal land-
and water-resource use patierns are
compared to the actual patierns. Sec-
ond, the optimal harvested acreage of
cach crop and its regional distribution
are contrasted with actual acreage esti-
mates. In the. final section, derived-
model total produet value and imputed
product prices are compared with actual
value and prices.

State and Regional Resource Use

Land use pattern. Nearly 20 million
aeres in California are estimated to have
potential for commereial agricultural
produetion. In the base period, approxi-
mately 12 per eent of this acreage is re-
quired for urban and extra-urban pur-
poses, 9 per cent is reserved for semi.
agricultural uses, 16 per cent is for
erops not in the allocation model (eon-
sisting of irrigated pasture and nonal-
falfa hay as well as orehard and ex-
cluded vegetable crops), and 25 per

% The term “optimal”’ iy applied to each model solution discussed in this report. Each solution
is optimal in the sense that for the output, cost, yield, and acreage parameters specified in the
model it is the one for which tothl costs are at a minimum (and aggregate yroducer profite
are estimated to be at a maximom). None of the solutions is presented as an optimum in the
sense that the model parameters alse are derived under conditions which meet some messure
of optimality.

* The farm price for a given eommodity is assumed to be equal in all regions of tho State, Thus,
sonie deviations of model production from actual patterns are due to current locations of proe-
essing plants (e.g., sugar reflueries), feeding arens, and markets for commedities which cause
farm prices in one area to differ svmewhat from those in another.
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cent is used for included erops. An esti-
mated 28 per cent of the inventoried
acreage was used only for range. In the
model "solution, all acreages are taken
to be the same as actual exeept that erop
production is estimated at only 27 per
cent, and range land at 36 per cent.
Details on potential agricultural land
in California aceording to major types
of usage is recorded for the base period
actual and model solution in table 17.

The total model acreage required for
the included crops is about 1,750,000
acres less than actual requirements in

TasLE 17
LAND USE IN CALIFORNIA IN
BASE. PERIOD, 1961-65 AVERAGE
ACTUAL AND ESTIMATED MODEL

REQUIREMENTS
Estimated acreage
requirements
Land use eategory
Actual Model
1,000 acres '
Nonagricultural land*........... 2,403.2 2,403.2
Semiagricultural land*.......... 1,722.5 1,722.5
Agricultural requirementa
Commodities nat in modelf
Irrigated, ..o iaiinn 2,804.0 2,804.0
Nonirrigated. .. ............. 406.6 406.6
Subtotal.................. - 3,210.8 3,210.8
Included comﬁmditie
Trrigated..........ooevennet 4,783.3 5,098.0
Nonirrigated}............... 2,126.0 38.0
Subtotal.. . ...l 6,889.3 5,186.0
All commodities
Trrigated. .........c.cov it 7,567.3 7,802.0
Nonirrigated. . .............. 2,5632.6 444.6
Total sgricultural
requirements............ 10,099.9 8,346.6
Bangeland. ..................... 5,399.7 7.153.0
Total land inventoried....| 19,625.3 . 19,0625.3

¢ Appendix table B-1. :

t Orchard and excluded vegetable crops, irrigated
pasture, snd nonplfalfa hay—circa 1065-1966.

1 The U.S. Bureau of the Census {1967} reports total
and irrigated acresge of each crop harvested for 1964. If
the percentage of crop acreage not irrigated in 1964 was the
same a8 average 1061-65, irrigated harvested acreage of
included commodities, mostly small grains, in the base
geriod was 1,163,000 acres. Because a fallow year is required

etween amall grain crops in many regions, the estimate of
land required is considerably higher than harvested erop
acreage.

the base period, whereas optimal irri-
gated acreage is 335,000 higher. Ome
conelusion drawn from the model solu-
tion is that shifting all included erop
produetion to optimal locations and in-
creasing irrigated acreage by one-third
million acres will substitute for more
than 2 million acres of nonirrigated
land.

The 1961-65 model location of pro-
duetion by crop and by region is given
in table 18, with production regions
shown graphically in figure 3. At the
bottom of the table, a regional summary
is given of net model acreage available,
total land required for included crops,
and the residual acreage. Pasture and
nonalfalfa hay were not introduced as
model activities, nor were they inven-
toried and projected exogenously as
were the excluded, high-value crops.
These low-value crops are included in
the residual land use category in table
18.

In all regions, optimal land require-
ments for the model erops are less than
net model acreage available. In faet,
not more than two-thirds of available
land is required for these crops in any
region; in several regions, less than one-
third of the land is required.

Water use patiern. This comparison
of water resources eonsists of: (1) the
acreage of land irrigated, and (2) the
quantity of water applied under the
actual and optimal land-use patterns of
the base period.

Irrigated acreage. The 1964 acreage
of land actually irrigated in each county -
is estimated by the U. 8. Burean of the
Census (1967). Maps depicting the lo-
cation of irrigated land within eounties
are published by the California Depart-
ment of Water Resources (1966).
County irrigated acreage was obtained
from Census data, while its distribution
among regions within a county was esti-
mated from the Water Resources maps
by planimetering. It is assumed that
1964 data provide reasonable estimates



TasLE 18
LAND USE BY REGION IN BASE PERIOD FOR INCLUDED CROPS, ESTIMATED MODEL REQUIREMENTS

Region
Crop sctivity Coastal Central Valley Desert Mountgin
State*
1 2 3 4 5 i} 7 8 9
1,000 acres
Vegeatable crops:
ASDPaYaguS....icvivriiiiiiiniinaas . 0 42.8 0 0 0 0 0 0 0 42.8
Broceoli (single erop)......ovvvvevien . 0 0 0 0 0 2.4 0 1} 0 2.4
Broeeoli and fall or spring lettuce
{double erop)...ovvvviveiiniiiiiiennnn 0 0.5 0 0 0 0 0 0 ] 40.5
Lattuee, fall or spring (single crop). . ... 0 0 0 0 0 0 0 0 0 0
Lettuce, fall and spring (double crop). . 0 L] 0 0 0 0 0 0 0 0
Lettuce, fall or spring and summer
(GO LY 1) ) P 0 1] 0 0 0 0 0 0 0 0
Lettuce, summer (single crop).......... 0 34.1 0 [1} 0 1) [1} 0 0 4.1
Lettuce, winter {double crop)........... 0 0 0 0 0 Q 20.1 0 9 20.1
Cantaloupes, fall or spring............. 0 | ] 0 0 q 15.9 0 0 15.9
Canptaloupes, summer.................. 0 0 0 0 0 47.0 0 0 0 47,0
Potatoes. .. .. e e 0 54.8 0 0 10.0 15.6 0 0 14.7 95.1
Tomatoes, proteasing. .....o.cooveeueen.. 0 71.5 0 19.0 78.3 0 1] 0 0 168.8
Field crops:
(077 - VPN 7.0 10.0 0 29.0 110.7 0 0 0 0 156.7
Barley {(fallow)..............oooeeaat 0 34.0 0 0 4.0 0 ¢ 0 0 38.0
Barley (nonirrigated)............ e 0 0 0 0 0 0 [ 0 0 0
Barley (irrigated, single crop)........... 0 0 0 162.3 66.1 4749.0 108.8 90.0 260.0 1,167.2
Barley and grain sorghum (irrigated,
double erop).....cioviiiiiinan. ieeen 0 0 i) 0 273.5 0 0 0 0 273.5
Grain sorghum (single erop). ......cc.0 0 0 0 0 0 0 0 0 0 0
Alnlfa Bay. . ...ovveveiianniiiinnaaans 28.0 18.0 0 341.0 357.5 363.2 0 §7.0 97.2 1,259.9
Dryhbeans, . ......c.iociivniiininen. P 0 79.4 0 38.0 20.0 56.8 0 0 0 194.2
53T 0 o 0 208.7 0 0 0 0 0 208.7
Safflower......oooviiiiiiii i Q 0 i} [t 0 0 210.8 0 0 210.8
Sugarbeets.........coviiiiiiiiiiiiii o 72.0 72.0 0 0 96.4 0 18.0 0 258.4
Cotton,.......... PR Ceraeans 0 1] 0 0 0 606.0 206.0 0 0 812.0
Total land utilized, Model 1961-65
optimal*. .......... PR eerrientaaens 356.0 455.0 72.0 888.0 920.0 1,666.4 562.6 165.0 372.0 5,136.0
Residuallandt......ooovvvnnviniinnnnn 167 607 805 887 - 534 3,665 1,009 283 733 B, 688
Net model acreage available, circa 1965%. . 202 1,062 877 1,775 1,454 5,331 1,672 48 1,105 13,828

* Computed from unroanded data.
1 Includes acreage required for pasture and nonalfalfs hay.
T AlLf %ures except total are computed from unrounded dum Total is from Appendix table B-1, and includes all land suitable for erop production less acreage in urban, publie
or semx-ngr ltural uses or planted to orchards, vineyards, or excluded vegetable crops.
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of the average acreage actually irri-
gated in the base period.

In this study, all but two erop activi-

ties require irrigation, and only 38,000
acres of nonirrigated barley enter the
optimal solution. The remaining acre-
-age requires irrigation. Optimal total
irrigated aecreage for all erops is 4 per
cent higher than the Census estimate
for 1964.

.Region § shows the largest percent-
age increase in optimal regional irri-
gated acreage over the Agrieultural
Census estimate. The largest increase in
real terms is in Region 5, followed
elosely by Region 4. The only regions
in which a deeline in irrigated acreage
is suggested by the optimal solution are
regions 8 and 6 (the South Coast and
San Joaquin Valley). Table 19 sum-
marizes the regional distribution of
1964 irrigated acreage, actual acreage
used for excluded erops, and optimal
requirements for the crops included in
the model.

Water requirements. The California
Department of Water Resources (1966,
p. 53) estimates that a gross 28.5 mil-
lion acre-feet of water were required
for agricultural production in 1960.
Lofting and MecGauhey (1963, p. 57)
estimate that 5.1 million acre-feet were
lost in econveyance in that year which
means that the net agricultural require-
ment of irrigated water equaled ap-
proximately 23.4 million acre-feet for
1960.

Similar estimates of the net agri-
cultural water requirement have been
obtained in this study under both the
actual and the model eropping patterns
(see table 20). Based on estimated irri-
gation water requirements per acre for
each crop, the net State requirement
for the actual cropping pattern would
have been approximately 23.6 million
aere-feet. For the model cropping pat-
tern, the requirement is 23.4 million
acre-feet of water, a level equal to the
previous estimate for 1960,

Although more irrigated land is re-
quired for the model than for the actual
cropping patterns, slightly less irriga-
tion water may be needed. The water
requirement per irrigated acre in the
model solution is lower than actual be-
cause (1) the water requirement varies
markedly with crop and climate and
(2) two cropping patterns are signifi-
cantly different. To illustrate, the re-
guirement for one harvested acre of
alfalfa ranges from a low of 2.25 acre-
feet on alluvial soil in Climate 11
(North Coast) to 8.0 on similar soil in
Climate 72 (Desert). In Climate 72, the
requirement ranges from 2.5 acre-feet
for barley to 10.0 acre-feet for rice on
the same soil.

Some crops with high consumptive
water requirements are shifted by the

model from current locations to areas

with lower irrigation requirements
(e.g., considerable alfalfa acreage is
shifted from the desert to northern
parts of the Central Valley). In addi-
tion, the inecrease in total irrigated
acreage is due to a shift from dryland
to irrigated feed grain produetion in
the model solution, and consumptive
water requirements for feed grains are
among the lowest for any of the in-
cluded crops. Although there is also
some incentive to double erop a slightly
larger acreage, the forces of efficiency
in the model combine to increase total
acreage irrigated without inereasing
the guantity of water demanded.

The largest percentage increase in the
optimal regional water requirement
from the actual estimate is in Region 8,
The largest increase in real terms is in
Region 4; the increase in Region 5 is
also very large. A decline in water re-
quirements, as well as irrigated acre-
age, is suggested by the optimal solution
in regions 3 and 6. Although irrigated
acreage in Region 7 is higher for the
model cropping pattern, a decline is
suggested in water requirements,



TasLE 19

IRRIGATED ACREAGE BY REGION IN BASE PERIOD, ACTUAL AND ESTIMATED MODEL REQUIREMENTS

Included commodities Commodities not in model Bese period total
Total model
Irrigatedd Orchzlm; aéld expressed asf
R Region Actual, cirea Ppasture an exclude percentage of
Region 2 Model 1961-66t nonalfalfa vegetable Actual Model§ actual
number 196165 bay, circa craps,
1965-1966% 1965-1966Y
1,600 acres ‘per cent
1 4.5 35.0 28.4 21.% 54.2 84.7 156.3
2 282.3 431.0 46.8 05.5 424.6 463.3 132.7
3 189.8 72.0 49.2 206.4 445.4 327.8 73.6
Subtotal............ouun 476.6 528.0 124.4 323.2 924.2 975.6 105.6
Central Valley:
Sacramento.................. 4 616.8 888.0 223.2 205.5 1,045.5 1,316.7 125.9
Delta...... 5 617.1 916.0 237.6 204.5 1,059.2 1,358.1 128.2
Ban Joaquin,..........ov.een 6 2,377.3 1,866.4 409.9 701.7 3,488.9 2,778.0 79.6
Subtotal........ STITTOTON 3,611.2 3,470.4 870.7 1,111.7 5,503.6 5,452.8 97.5
Desert:
Southern California. ..., .... 7 522.1 562.6 50.0 52.7 624.8 665.3 106.5
Mountain Valleys:
Tntermediate. ............... 8 2.9 165.0 20.2 18.6 61.7 203.8 330.3
High.....ooccivevnneniins 9 130.5 372.0 230.2 2.3 363.0 604.5 - 168.5
Subtotal................. 153;4 537.0 250.4 20.9 -424.7 808.3 190.3
State]..........ooonn 4,763.3 5,008.0 1,205.5 1,508.5 7,567.3 7,902.0 104.0

* Computed as a residual: actual base period total acreage less acreage of eommod-

ities not in model.

t Includes acreage of all crop activities in the model except nonirrigated barley and

barl ;y-fallow.

T. 8. Bureau of the Census (1067) for irrigated pasture and proportion of nonalfalfs

hay acreage which is irrigated ; California Crop and Livestock Reporting Service (1967a)

for 1065-66 acreage of nonalfalfs hay.

{ All California vegetable crop acreage and 89 per cent of the orchard crop acreage
was reportedly irrigated in 1964 (U. S. Bureau of the Census, 1967). The approximate

Region
1
2

Per cent
72

49

Region
4

5

97

Region
7

3 92 i} 99
§ Computed as the sum of the model included ¢rop acreage and
crops Dot in the model. ’
{| Computed from unrounded data.

percentage of orchard and excluded vegetable acreage irrigated was estimated by region:
Per cent
92

Per cent
100

8 86

9 100

the actusl acreage of



TasLe 20
AGRICULTURAL WATER REQUIREMENTS BY REGION IN BASE PERIOD, ESTIMATED ACTUAL AND MODEL

REQUIREMENTS
Included commodities Commodities not in model Base period total
) - Tatal model
Regi Regllgn, Ir{xgatedd Orchsln-g :dnd expressed as
egion number : . pasture an exclu percentage
Ea:mted Eat\‘;llf%a;[ed nonalfalfn vegetable Actual Model of actual
hay, cires crops -
19651966 1965-1966
1,000 acre feet " per cant
Coastal:
North. .ovoiiivinriiniiiiniiinan.s 1 g 82 ki ! 45 125 198 158.4
Central........oooevviiiiiiiiin., 2 578 940 168 216 G54 1,318 138.2
South, ..oviviiiiiiiniiiiiiin, 3 475 194 236 B57 1,268 987 77.8
Subtotal . ...............o..l 1,060 1,216 475 812 2,347 2,503 106.6
Central Valley:
Sacramento.......c.oviiiiiiiaiain, 4 2,183 3,143 860 473 3,616 4,576 126.5
BT | DN 5 1,543 2,486 1,022 470 3,035 3,978 131.1
San Joaquin, . ........ciiiiinii, s 6 6,503 4,359 1,886 1,985 10,444 8,210 78.8
Subtotal............c.ooveaaen 10,319 9,988 3,868 2,908 17,085 16,764 98.1
Desert:
Southern California............... 7 2,677 2,136 40 184 2,901 2,360 81.4
Mountain Valleys:
Intermediate. ...c.oeviveiiinnsione 8 it 341 73 43 185 457 247.0
High, . coooiviiiiiiiiiaiaees 8 248 562 806 H) 1,059 1,363 128.7
Subtotal.......ooooviiininnn 317 833 878 48 1,244 1,820 146.3
Btate®. oo 14,371 14,234 5,261 3,952 23,585 23,448 99.4

* Computed from unrounded data.
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Harvested Crop Acreage

Because two erops are produced in
one year on some land and a single crop
is produced biennially on other land,
the harvested acreage of all crops does
not neeessarily equal the acreas of land
required for production., In this sub-
seetion, the major differences in State
and regional harvested erop acreage be-
tween the base period actual and model
solution are highlighted.

Base period actual. The basic source

of actual harvested crop aereage data
“used for comparison purposes in this
study is the California Crop and Live-
stock Reporting Serviee (1966, 1967a).
The annual State acreage of all maodel
crops and the county acreage of several
are estimmated in these publications. The
county acreage of other crops is re-
ported by the County Agricultural
Commiissioner (1967), County estimates
obtained from the latter' source are
adjusted proportionately so that the
State total corresponds to the Crop and
Livestock Reporting Serviee estimate.
The regional location of production
within a county in the base period is
assumed to be relatively the same as it
wag at the time of the California De-
partment of Water Resources land use
survey. This survey data, summarized
by seven and one-half minute guad-
rangles, provide accurate estimates of
crop acreagé by region for one recent
year.
Comparison of results—actual and
optimal for 1961-65. In the period
1961-65 harvested aereage of the study

crops averaged 6,019,000 acres. The
optimal harvested acreage indicated by

Medel 1961-65 is 5,369,000 acres er 11
per cent less than aetual acreage. (See
~ table 21 for a comparisen of bade period
actual and estimated model harvested

Q/
Rpgwnal Re.s'o'urca Use, 1961-65 and 1980

acreage by region and by crop.) The
erop groups with the most pronounced
deelines in-optimal acreage relative to
the aectual include asparagus, small
graing, and safflower. The lower model
acreage of asparagus is a result of a
regional shift from thé relatively low
yielding Region 5 (San Joaquin Delta)
to the very high-yielding Region 2
{Central Coast). In 1964 slightly more
than half of the small grain acreage was
irrigated as compared to 98 per cent ac-
cording' to Model -1961-65 results, A
similar shift from nonirrigated to irri-
gated safflower production (62 per cent
irrigated in 1964 and 100 per cent in
Model 196165 would ecause a . sub-
stantial decline in the acreage required
for this crop.)™

The model results indieate that the
base peried output of several other erop
groups eould have heen produced on
considerably less acres than were aetu-
ally used. In addition to the three.crops
already eited, six groups are allocated
by the model to less than 90 per cent of
their actnal 1961-65 total acreage. Re-
gional shifts in production are impor-
tant in explaining the difference be-
tween actual and optimal acreage of
some erops, but interregional shifts be-
tween seils and climates are equally as
important for ether eraps.

The crop groups with the least rela-
tive difference bhetween base period
aetual and optimal acreage ave alfalfa
and lettuce. The eptimal selution allo-
eates both greups to just below 99 per
cent of actual acreage.

The model acreage of one-crop, cot-
tor, is higher than aetual acreage. In
the 1961-65 period, a portion of the cot-
ton production was planted in a skip-
row pattern, with higher yields being
obtained than from solid plant predue-

® Following a-preliminary analysis of the comparative cost of producing safflower with or
withont irrigation, only the irrigated activity was specified in the LP models. Nonirrigated pro-
duction on some rice land in the Sacramento Valley (Region 4}, ha.ving a. particularly high water
table, may represent am optimal allocation of resourees; but, in general, production could be
increpsed sufficiently by applying supplementary water to make its application pruﬁtable in all

areas.
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TasLE 21 ' .
HARVESTED CROP ACREAGE BY REGION AND BY CROF GROUP IN BASE
PERIOD, ACTUAL AND ESTIMATEE} MODEL REQUIREMENTS ‘
It Region Actusl i Model Model Tess actusl | poreoytas
em cbual Mode! odel less actus percentage
number ~ of actus)
1,000 aeres - per cent
REGION
Coastal:
1 6 35.0 2.0 583.3
2 333 478.5 145.5 143.7
3 : 218 72.0 -146.0 33.0
557 585.5 28.5 105.1
Central Valley: ,
Bacramento.........c.oiieinians 4 922 8BB.0 —34.0 96.3
Delta. . ..ooiviiiiiiiiiiiinenes. 5 805 1,109.4 304.4 137.8 -
Ban Joaquil........oooeineiina. 8 2,679 1,666.4 -1,012.6 62.2
Subtotal.........oooiiiiiii, 4,406 3,063.8 -742.2 83.2
Desert: I .
Southern California, ............. 7. 049 882.7 —86.8 89.8
Mountain Valleys: i
Intermediate. ..., 8 i 240 166.0 -84.0 66.3
High.......... [EEE T ORIP PRI . 9 ' 158 372.0 214.0 235.4
Subtotal.............ooeneelss 407 537.0 i 136.0 131.8
State. oo 6,010 5,369.0 —850.0 89.2
CROP GROUP
ABDATAZUS. .« ovviceriiare e ‘ ; I 64 428 —21.2 66.9
Colecrops......cooviieiviniiinnans j 48 2.6 -5.1 89.4
Tetbuce. oo ‘ 116 114.8 —-1.2 99.0
Melons. . 73 62.9 ~10.1 86.2
Potatoes. ,e 101 95.1 —5.9 94.2
Tomatoes. ......covven... PRUTUR : 178 168.8 ~9.2 4.8
(070 < i f 180 156.7 —23.3 87.1
Bmall grains. 1,87t 1,418.8 —452.4 75.8
Sorghums. . . 265 232.5 —32.5 87.7
Alfalfa....... 1,278 1,259.9 -16.1 08.7
Dry beans. .. 217 194.2 —22.8 89.5
Rice......... e 318 298.7 -~19.3 93.9
Safflower.....oovniiiiiiii s : 261 210.8 -50,2 80.8
Sugarbeets.... ..., 268 258.4 -27.6 90.3
Cotfon. . ..oovevriiirienainns 766 812.0 47.0 106.1
Total.. .o cvriiiinaaaenrinnns 6,019 5,360.0 —~650,0 89.2

tion.” Marvin Hoover, University of
California. Extension Cotton Specialist,
_ estimates that yields in this period were

ahout. 10 per cent higher because of
skip-row planting than they would have

been from a 100 per cent solid planting.
Because only solid planting is intro-
duced in the linear programming
models, 196165 acreage would have
been exceeded by 10 per cent if there

7 The higher yield for skip-row production is only @ result of a techmicality in the method of
reporting yield. The strips of land left idle between rows of cotton are not included in the

acreage base when yield is computed.
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were no relative shifts among soilg or
“climates.

The most pronounced eixbsolute_de-
cline in acreage between the base period
actual and model solution is in small

grains, with optimal acreage being 452,- -

000 acres lower than actual. This re-
fleets a shift from monirrigated to irri-
gated produetion.

The model acreage is higher than
actual acreage in four of the regions
and lower in the remaining five. The
most significant absolute differences in
regional acreage are in the Central Val-
ley: the model acreage in Region 5 (San

Joaquin Delta) is more than 300,000

acres higher than actual acreage, and
the model acreage in Region 6 (San
Joaguin Valley) is more than one mil-
lion acres lower than actual. However,
relative differences are most striking in
two of the eocastal regions: model acre-
age in Region 1 (North Coast) is'more
than 500 per cent higher than actual,
and model acreage in Region 3 (South
. Coast) accounts for only 33 per eent of
actual base period acreage.

Regional shifts—individual crops.
Several striking redistributions of the
harvested acreage of individual erops
are manifest between 1961-65 actual

and optimum regional locations (Ap-
pendix tables C-1 and C-2). Others are .

less pronounced. But, in general, re-

gional shifts are the rule rather than

aeross-the-board expansion or contrac-

tion of acreage in all major regions, The

following observations emphasize this

point:

® Safflower production shifts from re-
gions 4, 5, and 6 (Central Valley) to
Region 7 (Desert). The largest rela-
tive inerease in the acreage, of any
crop is safflower acreage in Region 7,
with the base period optimal being
200 times greater than actual.

® Asparagus acreage shifts from re-
gions 4, 5, 6, and 7, where the major
concentration is in Region 5 (San
Joaguin Delta),
tral Coast).

to Region 2 (Cen-

®* Sugar beet acreage transfers from
regions 4, 5, and 7 (Sacramento Val-

" ley, San Joaquin Delta, and Desert)
to regions 2 and 3 (Central and South
Coast), while the acreage in regions
6 and 8 (San Joaquin Valley and in-
termediate level valleys) expand
somewhat.

® (Jrain sorghum production shifts
from regions 4, 6, and 7 to Region 5.

® Corn shifts northward in the Cen-
tral Valley from Region 6 to regions
4 and 5. ,

® Cotton acreage inecreases in Region 7
and decreases in Region 6.

® Substantial dry bean production in
Region 3 moves northward to Region
2. . '

® Small grain acreage increases only in
regions 5 and 9 (San Joaquin Delta
and mountain valleys).

¢ Alfalfa acreage shifts northward
completely out of Region 7 and par-
tially out of Region 6 into reglons
4 and 5.

® The dominant potato producing area
moves from Region 6 to Region 2.

®* Tomato production in regions 3 and
6 moves to Region 2 while the acreage
in regions 4 and 5 remains quite simi- -
lar to actual.

® The production of rice, melons, let-
tuce, and the cole erops becomes more
concentrated in the major producing
regions.

Production Cost, Resource Rent,
and Product Price

For every linear programming prob-
lem, there are two model solutions: the
primal and the dual. In this cost mini-
mization model, the primal provides
the optimal location pattern of the in-
cluded commodities. Simultaneously,
the dual provides minimum nonland
production cost, imputed price for each
preduct, and imputed rent to each
scarce resource, Up to this point, our
discussion of the base period hag foeused
on the optimal production patterns and
resource requirements suggested by the
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primal solution, The remainder of this
discussion ‘will concentrate on various
observations from the dual solution.

Production of base period output at
-least total cost, Total imputed value of
production may be ascertained in either
of two ways:

= ZPJ'X.‘Fa

(15)

or

TV =TC+ 2 VR, (16)

wheére ’ : -
TV is total imputéd product value,
TC is total nonland production cost,
P; ig imputed priee to commodity i,
X is output of commodity j,

¥; is imputed rent to one unit of re-
source <,

R; is quantity of resource i required
for production.

Value of produetion is ilustrated here

as the sum of total nonland costs and
rents to fixed resources:

Model Actual
solution
($1,000,000) ($1,000,000)
Total non~
land costs '935.0 Not available

Total rents 87.4 Not available

Value of

production  1,022.4 1;133.3%

Primarily because of more efficient
production patterns, the imputed value
of production in the model solution is
almost 10 per cent lower than actual
produet value in the base period.

Imputed and actual product price.
In this model, the imputed product
price is the marginal cost of producing

- vail;

one more unit of each representative
crop. If supply and demand were in
long run, perfectly competitive equi-
librium, the imﬁuted price should equal
the at-farm price. :

Differences between imputed and -
actual produect.price may result as the
aggregate effect of a number of causes.
For example: (1) production is not
optimally located; (2) supply and de-
mand are not in long-run equilibrium;
{3) perfeet competition does not pre-
(4) cost estimates used in the
model do not accurately reflect what

~farmers pay for resources, and/or (5)

the price vector is not unlform in all
areas because of the location of proc-
essing plants and commodity markets.
All of these factors would have some
effect on the relative differences between
imputed and aetual price, but only the
net is measurable in this study.

Imputed 1961-65 prices are lower
generally than actual average product
price™ for the same period (see table
22). Of the 18 representative crops in
the study, only five have an imputed
price higher than actual, with summer
lettuce the highest, at- 113 per cent of
actual. Eleven have imputed prices
which are between 70 and 99 per cent
of actual, Two, safflower and grain
sorghum, have the lowest imputed
price-—slightly more than 60 per cent
of actual, The imputed prices average
88 per cent of actual prices with an
average deviation of 15 per cent,

The imputed price for potatoes is 1
per cent higher than actual. However,
the imputed priee is for USDA No. 1'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 signifieantly higher, and the imputed
price relatively lower. -

® California Crop and Livestock Reporting Service [1966, 1967a]. Nonrepresentative crops
in each group are converted to units of the representative erop.

® Actual weighted 196165 price is estimated as average price at the farm or at the first
delivery point, as reported by the California Crop and Livestock Reporting Service (1966,
1067a) ; it does not include government payments.
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TABLE 22
CROP PRICES, WEIGHTED BASE PERIOD ACTUAL, AND IMPUTED MODEL
: PRICES
7
1061-1365 price
. Model as
Representative crop . percentage of
Actual* Model imputed actua)
dnllav'/toi} horvested per cent

ABDRIBEUS . . o\ e veenneeen et e e PO 273.18 249.10 91

Broceoli....ooevvieviiiciiiii 160.60 137.12 85
Lettuce: t '

§1.92 65.03 79
65.88 74.77 113

- 77.70 74.97 : 9%

Spring and £lL ... .o.. e 1114 82.48 T oon
84,86 76.78 90

51.432t 51.85¢ 101

28.54 23.35 7

51.10 50.20 98

46,32 47.34 102

Grain sorghum. 43.82 27.37 62
‘Alfalfa hay .. .. 24.34 25.92 11
Dry beans. ... 196.34 150,549 77
Rice........... 99.06 81.25 82
Safflower....... 84.77 51.64 | 61
Sugar beets 11.86 12.55 108

dollar/bale harvested
COMOM. . oo ee e 164.00 127.75 78

#* Not mcludmg any government program payments
1 Average price of all potatoes marketed.

1 Imputed price of USDA No. I's. anly, which account for an estimated 75 per cent of all patatoes marketed ; imputed

pnce er ton of USDA No. 1 potatoes in Region 1 is $54.42.

§ Imputed price per ton of Central Valley dry beans is §170.33.

As a direet result of, differences be-
tween Model 1%961-65 imputed and
1961-65 actual prices, Model 1980C
was included in the analysis. This model
forces the relative imputed priees of the
feed grain groups—barley, eorn, and
grain sorghum—to equal their relative
feeding- values. In Model 1961-65, the
imputed prices for barley and eorn
compared favorably with their actual
-prices, but the imputed price of grain
sorghum was relatively much lower.

Assuming that the data used in the
model are basieally accurate and the

model is adequate, the eomparison of

imputed -and aetual prices indieates
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 by many
farmers in the production of summer
lettuce, alfalfa hay, and sugar beets, in
the absence of government payments.
Such a conclusion must be carefully
qualified at this point, but additional
research may determine reagons 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 cause, then it
becomes of economic (and possibly po-
litiedl) importance to determine which
factors are responsible for the apparent
cost-price disequilibrium. How impor-
tant are barriers to entry, such as gov-
ernmental allotments and contractual
agreements, in the production of some
commodities? What role does imperfect

_knowledge play? How extensive are
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 misalloeations of resourees? What effect
do processing plant loeations have on
produetion loeation? Are producers
slow to adjust to a changing market
condition? Although definitive answers
concerning the relative importance of
each of these possibilities cannet be
given by this study, the raising of rele-
vant questions is an important by-prod-
uct of analysis. ,

In the imtroduetion to this section,
attention was given to the primary rea-

sons for ineluding a.1961-65 model in.

the study., The empirical discussion
which followed has been developed ex-

clusively to meet the first purpose—a
comparison of differences hetween the
real world and the linear programming
solution for the base period.

In the following section, a nnmber of
important conclusions are drawn from
a comparison of optimal solutions be-
tween two time periods, This was the
second stated purpose for the base pe-
riod model. Other conclusions are ob-
tained through a comparison of the
1980 model solutions with each other
and with the actual hase-period para-
meters, ‘

1980 REGIONAL RESOURCE USE

Major implications of three 1980
models are disenssed in thig section. The
results of the preliminary 1980 models
{i.e., models 1980A and 1980B) are
outlined first, A detailed diseussion of
regional production shifts and imputed
produet prices indicated by these mod-
¢ls is bypassed in favor of focusing at-
tention on the results of Model 1980C,
The results of Model 1980C appear to
be more realigtic as to the feed grain
produetion pattern than those of pre-
liminary models and, therefore, are pre-
sented in detail.

Highlights of the Preliminary
1980 Models ‘

Between 1965 and 1980 nearly one
million additional acres will be required
for nonagrieultural and excluded erop
uses. Although output levels for 1980
exceed those for the base period, the
results from models 1980A and 1980B
indicate continued excess productive
eapacity in California (see table 23).

Production of base period share of

1980 U, 8. output (model 1980A).

Aereage comparison, California has
the productive capacity to produce its
base period share of projected national
field erop and vegetable output in 1980
and still have considerable reserves of
potential agricultural land used only

for range. Because mostly of the conver-
sion of feed grain production from dry-
land to irrigated operations, 12 per cent
less land and 11 per cent more irrigated
acreage would be needed than were ae-
tually used in the base period for crops
ineluded in the model plus the excluded
high-value crops. However, because of
the higher output requirements, more
inputs of all resources would he needed
than were required in the base period
model solution: land requirements are
T per cent higher, and irrigated acreage
requirements are 6 per cent higher, Po-
tential agricultural land available for
range is estimated to he 9 per cent

~higher than the base period aetual -and

18 per cent lower than base period opti-
mal. Pasture’ and nonalfalfa hay acre-
age Is equal to that for the 1961-65
average. Although model crop land re-
quirements in the Model 1980A solution -

“are 20 per cent Jower than base period

actual, harvested acreage of these erops
is only 5 per cent lower beeause of a
larger proportion of double-cropped -
acreage and less fallow acreage in the
19%0 model solution. The proportion of
double-cropped aereage is approxi-
mately the same in the model solutions
of both time periods. .

The regional distribution of included
¢rop harvested acreage in the two model
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LAND USE, HARVESTED ACREAGE, AND PRODUCT VALUE OF INCLUDED CROPS IN CALIFORNIA BASE PERIOD
he ACTUAL AND ALTERNATIVE MODEL ESTIMATES

1961-85 1980
Item
Model A, Model B, Model C
Actual Model constant trend modlﬁed
share share Model B
1,000 acres
Land use
Nonagricultural Innd*. . ....ooo it et arereereiaaeirieenanes 2,403.2 2,403.2 3,221.3 3,221.3 3,221.3
Semisgricultural land®.. 1,722.5 1,722.5 1,640.5 1,640.5 1,640.5
Agricultural requirements
Commodities not in studyt :
Irmigated. . . ...oovn i e e 2,804.0 2,804.0 2,963.7 2,9083.7 . 2,963.7
Nonirrigated 406.6 406.6 426.5 428.5 426.5
Bubtotal. ... e e e 3,210.6 3,210.6 3,390.2 3,380.2 3,300.2
Included commaodities
Irrigated......ccooviiiiiiiiian, e et e e 4,763.3 5,088.0 5,449.3 5,687.0 5,153.0
NODIXFIEAEE . . oo vt e vt et evernnerans e erearnrcasanssucrnonrroassnrens 2,126.0 38.0 52.0 35.0 26.0
11 o] 107 -1 AU RN 6,883.3 5,136.0 © b,501.3 5,703.0 §,179.0
All commodities
Trrigated. . oottt e e e r e s 7,567.8 7,802.0 | 8,413.0 §.6830.7 8,116.7
NODIEEEAtOd. ...ttt i i 2,532.6 444.6 478.5 461.5 462.5
Total agricultural requUIrements. .....ovvevvrevieririranreernrnesns 10,099.9 8,346.6 " 8,801.5 9,002.2 8,569.2
Range Jand. . oovvrnre vt i it s en e 5,300.7 7.153.0 5,872.0 5,671.8 6,194.3
Total land inventoried........ocoviiriniiiiinieniiinriiarianaviienn 19,625.3 19,625.3 19,625.3 19,825.3 19,625.3
Harvested acreage, included eommodities,.,.......coviieeiieaiiiniiiiaiiiaa, 6,019.0 5,869.0 5,740.8 . 5,024.0 5,893.0
mitlion dellars
Product value, included arops
NODIARA COBES. .« v v v v ivarinssrrvvirserenannrennsnesernransseranisenrorns NA 935.0 1,275.4 1,381.8 1,361.0
2753 NA 87.4 141.9 143.5 143.1
Value of production. .. ..ocovmeriveerieniuviienrirrrrivacirvronens 1,133.3 1,022.4 1,417.3 1,525.2 1,504.1
* Source: Appendix table B-1. s

t Or¢hard and excluded vegetable crops, irrigated pasture, and nonalfalfa hay acreage.
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Fig. 4. Hypothetical single-commodity step supply curves -and inelastic-demand curves in two
time periods between which unit costs double and quantity demanded increases 40 per cent (Time

Period 1) and 60 per cent (Time Period 2).

solutions shows that in eight of the nine
regions (Region 4 being the only excep-
tion), optimal harvested 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 proffered, it is of interest
that the net effect of increasing costs
and yields and changing demand be-
tween time periods is to partially offset
the difference between the model solu-
tion and the actual pattern in the base
period.

Imputed value. Imputed total product
value of the model crops (in representa-
tive crop units) is 25 per cent higher
than 1961-65 actual and 39 per cent.
higher than the imputed value from the
1961-65 model. Similarly, nonland pro-
duection costs are 36 per cent higher
than the base-period model suggests,
and imputed rents to fixed resources are
62 per cent higher than the optimal
solution in the base-period model.

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 curves

shift. This is illustrated in figure 4 for
the two time periods for a case of a
stepped supply curve and an inelastic
demand curve. With a 40 per cent in-
crease in quantity demanded (Q; to Qza)
and a doubling of unit costs, rents are
increased relatively more than the in-
crease in value of production. With 60
per cent increase in quantity demanded
(Q: to Qap), rents increase relatively
less than the increase in value of pro-
duction. There is only one point be-
tween these extremes in demand at
which product value, nonland -costs,
and rents to fixed resources all increase
proportionately. With a set of supply
curves for multiple erops 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 nonpropor-
tionately also.

In this study, imputed rents increase
relatively more than does value of pro-
duction between the base period opti-
mum and each of the 1980 models. In
fact, the increase in relative rents is sub-
stantially greater than that of produect
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value in all cases. Therefore, optimum
capitalized land value for agriculture is
likely to increase proportionately more
than value of farm production between
the base period and 1980, as long ag the
intevest rate on aiternative investments
does not increase between these time
periods.

Production of share of U. 8. output
projected by recent trends {Model
1980B). The only differences between
the strueture of Model 1980A and Model
1980B are in the output rvestraints.. The
relative difference is the greatest for
cotton and safflower, with the output of
each in Madel 1980B exceeding that in
Mode] 1980A by more than 25 per cent.
The sutput of sugar beets, tomatoes, and
the cole erops ig also higher while the
output of alfalfa, dry beahs, and each
feed grain is lower.

Acreage comparison. In response to
one of the questions raised at the outset
of this study, California has more than
enough agrieultural capacity to pro-
duce its projected share of 1980 U, 8.
output. Although 14 per cent more land
would require irrigation, 10 per cent
fewer land resources would be nceded
than were actunally used in the base
period for the model and execluded,
high-value crops. More ountputs of all
resources would be required than were
needed in the base period model solu-
tion; both land and irrigated acreage
requirements are 9 per cent higher. Po-
tential agricultural land available for
range is estimated to be 5 per cent
greater than the base period actual and
21 per cent lower than the base periad
optimal.

Although Model 1980B cutput pro-
jections of field crops and vegetables

are considerably higher than the base
period levels, it is possible to produce
this 111c-reaqed output on fewer acres

- than actually used in the base period.

To do sa, however, vield levels must also
inerease, more land must be irrigated,
two crops a year must be produeed on a
larger proportion cf the aereage, and
farmers must adjust their cropping
practices to optimal produetion pat-
terns. '

Imputed value. Imputed total prod-
uet value of the included erops is 35
per eent higher than base period actual
and 49 per cent higher than the im-
puted value from the 196165 model.
Similarly, nonland production eosts are
48 per cent higher than the base period
model suggests, and imputed renis to
fixed resources are assessed at a 64 per
cent higher level than the optimal solu-
tion in the base period.

Best 1980 Projections Model

At the inception of this study, only
two 1980 models, based on alternative
demand assumptions, were planned.
However, an unrealistic relationship
was chtained between the relative feed-
ing values and the imputed priceg of the
individual feed grains in these models.™
Because of this inadequate relationship,
Model 1980C was developed. Yields of
barley and grain sorghum activities are
converted to equivalent feeding units of
corn, and Model 1980B output re-
straints for individual feed graing are
replaced with a single restraint for all
feed grains. All other output restraints
and parameters remain at Model 19801
levels.

The assumptions undorlvmg Model
1980C seem to be the most realistie, in

® Actual base period prices did not .correlate closely with seientifically estimated feeding

values either. For example, the ratic of aunnual grain sorghum to corn prices has heen lower
in each of the last 10 years than their relative feeding values. This observation is true when
feeding value is computed on the basis of net energy only and also when digestible protein is
assessed in the measure. The canse for this low relationship has been attributed by specialists
to old wives’ tales, lower quality of sorghum shipments, and feeder inflexibilities. However, it
is assumed in this model that full adjustment to least cost feeding rations will be made by
1980 such that prices paid by feeders will reflect the true feeding value in nct energy equiva-

lents of the alternatives.
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the absence of governmental programs,
of the 1980 models: It seems reasonable
that by 1980 the share of U. 8. output
supplied by California would be differ-
ent from the base period and that feed-
ers should adjust their rations to a least-
cost mix. Therefore, the Model 1930C
solution will be presented in detail in
this section.

To facilitate the orderly presentation
of these results, this section is divided
into five parts. In the first two, the pro-
jected land and water use patterns are
compared to previous patterns. In the
third, the projected harvested acreage
of each crop and its regional distribu-
tion are contrasted. Fourth, the major
implications of the dual solution are
highlighted. And finally, the sensitivity
of the optimal solution to errors in pard-
meter estimation is diseussed.

Land use pattern. Land required to
produce Model 1980C output of in-
cluded erops amounts to 5,179,000 acres,
as shown in table 24. This is only 43,000
" aeres more than optimal acreage in
Model 1961-65 and is the lowest of the
© 1980 models, being more than 14 million
acres less than Model 1980B require-
ments. '

As compared with the base-period
feed grain mix consisting of 71 per cent
small grainsg,™ 16 per cent sorghum, and
13 per cent corn, the minimume-cost feed
grain mix is eomprised of 44 per cent
small grains, 56 per cent sorghum, and
no corn. The latter mix is produced
almost execlusively in barley-grain sor-
ghum double-erop ‘activities in this
model. An additional 697,600 acres of
the double-crop activity displaces 1,-
133,300 acres of single-cropped irri-
gated barley, 9,000 acres of fallowed
barley, and 141,300 acres of corn in the
Model 1980B solution. ‘ «

Because of additional nonagricul-
tural and excluded erop requirements
for land 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 pattern.
However, because of the shift to more
irrigated, double-crop production of
feed grains, projected idle land in
Model 1980C is nearly 800,000 acres
kigher than actual idle land in the base
period.

Regional model crop acreage require-

‘ments. Some produection of included

crops is projected by this model in all
regions (see table 24). 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
acreage is estimated. The adjustment in
the feed grain mix, with the eonsequent
move to more double cropping in the
Central Valley, is responsible for part
of this regional realignment. However,
the adjustments due to the deecreasing
resource hase and increasing demand
between the base period and 1980 were
also significant. Regional adjustments
in the included crop acreage are the net
result of the entire complex of urban
expansion, increased excluded crop
acreage requirements, and a changing

demand strueture for the model crops.

Soil categories required for model
crop activities. Table 25 shows that
model erop produection is concentrated
almost entirely on alluvial and basin
soils. All of the valley floor acreage
(s0ils 01-15) in the Central Valley from

‘Merced County north and virtually all

of the irrigable acreage in these soil
groups in the Central Coast enters the
solution (see Appendix table C-10).
Nearly all of s0il 11 (organie scil) acre-
age in the entire State enters the solu-
tion. :
A considerable acreage of saline-alka-
line s0il (inecluding all of soils 13 and
15 in the Central ‘Valley from Merced
County north) is projected for recla-
mation, but little produetion is pro-
jected for terrace soils. In fact, the only
erop activity on a terrace soil is 23,000
acres of sugar beets on soil 21 in the
Central Coast. Apparently the esti-

% Oats and barley in units of barley, the representative crop.



TasLE 24
LAND USE BY REGION FOR INCLUDED CROPS, ESTIMATED MODEL 1980C REQUIREMENTS

Region
Crop activity : Coastal Central Yalley Desert Mountain
‘ A State®
1 2 3 4 5 8 7 8 ]
1,000 aeres
Vegetable cropa:
ASDAaTagUS, .ovvrisirir i 0 40.8 0 0 0 0 0 0 0 4.8
Broceoli (single erop).....ooioviniiinn 0 - 0 0 ¢ 0 11.6 0 - 0 0 11.6
Broceoli and fall or spring lettuce :
(double crop)........coon . SEPP 0 4.7 0 0 0. 0 0 0 0 1.7
Lettuce, fall or spring (single crop). . ... 0 0 ¢ [)] 0 ] 0 0 0 0
Lettuce, {nll and spring (double erop).. a 0 @ 0 0 0 0 0 0 ]
Lettuce, fall or spring and summer .
(double crop) ........................ 0 0 0 0 0 0 0’ 0 0 0
Lettuce, summer (smgle [ 157 ) TR 0 38.4 0 0 0 0 0 i) 0 38.4
Lettuce, winter (double crop)........... 0 0 0 0 0 0 21.9 0 0 21.9
Cantaloupes, fall orspring............. 0 0 b 0 0 0 14.0 0 0 14.0
Cantaloupes, SUmMmeEr. ..............vn 0 0 0 1] 0 40.9 0 0 0 40.9
Potatoes. . .......ccovvviiiiiiiiiiiines 0 28.0 0 0 20.0 30.5 0. 0 14.3 62.8
Tomatoes, processing. ........ SR 0 0 0 57.2 110.0 0 0 0 0 167.2
Field crops: L
COID e iireeeeteeaian e v iniaes ¢ 0 0 0 0 0 0 0 o’ 0
Barley (fallow)........ccooiiniiiiinnen. (1] 26.0 o 0 0 0 0 0 0 26.0
Barley (nonirrigated)... 0 0 0 ] 0 0 0" 0 0 0
Barley (irrigated, single crop) 0 0 )] 0 0 0 ; 0 0 0 0
Barley and grain sorghum (irrigated, )
double CPOP). st xvvvuvrnrnasnncnnnnnn 0 4.0 0 249.6 330.0 365.2 0 0 0 948.8
Grain sorghum (single crop)............ ¢ 0 0 0 . 0 0 0 0 0 0
Alfalfa hay.....cooviivniniiiinininns 24.0 16.0 0 267.8. 340.0 267.0 0 81.3 298.0 1,204.1
Dry beans...... v ar ey 0 60.7 21.0 0 40.0 62.2 0 0 0 182.9
RECO....umnrnieiienenerenniee i 0 0 0 208.4 0 0 ] ] 0 268.4
SafOWer. s e vienireriniiiiiiriias 0 0 0 0 Q 271.6 240.0 0 0 511.6
Bugar beets, ..., ..o 9 111.¢ 2.0 0 6.0 124.4 0 38.0 0 311.4
Cottom. ..ooievvven e iiiiaiannrccnnns 0 0 0 0 0 954.3 - 202.0 0 0 1,156.3 -
Total land utilized Model 1980C optimal* 24.0 366.7 53.0 843.0 855.0 2,127.8 477.9 119.4 312.3 5,179.0
Reaidual land, projected 1080t............ I 546 115 870 502 3,048.0 1,062 323 762.0 7,726.0
Net model acreage available, projected ) . :

1980f....... ewereaeeaa e e 198 013 468 1,713 1,357 5,176 1,540 442 1,104 12,006

* Computed from unrounded dsta.

t Includes nereage used for pasture and nonalfalfa ha.y

t figures except total are computed from unrounded data. Total is from Appendix table B-1 and includes all land suitable for agriculture less projected acreage requirements
for urban, public, and semiagricultural uses and for orchard, vineyard, and included vegetable erop production.

B
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TasLe 25

TOTAL LAND USE FOR INCLUDED CROPS BY SOIL TYPE, ESTIMATED -
: MODEL 1980C REQUIREMENTS

. | Total land utilized
. Net model acreage .
. Soil p e by included crops Residual land,
Soil type number | Vailable projected | ™ podel 180G - | projected 1980}
optimalf
1,000 acres
Alluvial:

o 1,377 981 306

02 956 850 106

03 2,384 . 781 1,623

05 380 266 114

Bubtotal. .......vvverieeeeisnen ) 5,007 2,858 3,23
11 - 319 317 2

12 1,013 1,488 425

13 479 247 232

14 301 S 182

15 788 127 661

3,800 2,208 1,502

21 1,108 23 . 1,085

22 447 0 447

23 884 0 884

24 1,575 0 1,875

Bubtotal......covvviviiiiiiiiniaas 4,014 23 - 3,001
Statetotal . ........clevieniin.n. 12,905 5,179 7,726

qlual to total inventoried acreage less urban, ext.m—urban semmgncultuml and orehard aund excluded vegetable
crops A lﬁgures except total are computed from unrounded data.

t See Appendix table C-11 for detail.

1 Includes the acreage to be used for pasture and nonalfalfa hay.

mated annual cost per unit of output
is less to reclaim ecertain saline and
alkaline soils for produetion than to
irrigate with sprinklers on'the sloping
terraces. There are enough cheaper al-
ternatives in the relevant section of the
supply function to prevent any greater
expansion on terrace soils in any of the
models.

HPA land requirements. Of the 95
HPAs delineated in the early stages of

this study, crop activities are optimally
located in 57. Because supplementary
restraints are imposed on the maximum
acreage of individual crops or total ir-
rigated acreage in a given HPA, there
are considerably more than 57 HPA
erop activitieg in the solution. Actually
there are 120 elements in the optimal

basis, which includes acreage in 17 of
the 24 different crop activities. The
acreage of a crop activity is limited in
two instances by irrigated acreage re-
straints, in 69 by rotation restraints, in
31 by net model acreage restraints, and -
the limiting restraint for 18 others is
minimum crop output. The Model
1980C acreage by crop in each HPA
is recorded in Appendix table C-12 to-
gether with an identification of the
variable which restricts production in
each case.

Water use pattern. As in the base-
period section, this comparison of water
resources consists of (1) the acreage of
land irrigated, and (2) the quantity of
water applied.

Irrigated acreage required. The only
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TanrLE 26
IRRIGATED ACREAGE BY REGION, ESTIMATED MODEL 1980C
REQUIREMENTS
Projected 1080:
. Total as Total as
Region Region Inclun(}eg . Og’gﬁg:fd Totalt perﬁ)ntnge peorfc%ntage
'| crops, Mode! otal of base ase
number 1680C vegetable period period
P! actual optimal
1,000 acrea per cent
Coastal:
North.......cooveiiinnnnen 1 24,0 23.3 7.7 140 89
Central......coviniiinnnns 2 340.7 106.1 493.6 116 8
South.....ccovvininniinnn 3 53.0 228.8 330.8 74 101
Subtotal.............. 417.7 358.0 900.1 07 92
Central Valley:
Sacramento............... 4 843.0 2287 1,204.9 124 98
5 855.0 226.0 1,318.6 124 a7
Ban Joaquin, ,............ [ 2,127.8 773.6 3,311.3 95 119
Subtotal.............. 3,825.8 1,228.3 5,924.8 106 109
Desert......ccovvivininnnan 7 477.9 58.4 586.3 94 88
Mountain Valleys .
Intermediate.............. 8 119.3 20.9 160.4 260 . 79
High.......ovvecvvivinvnnns 9 312.3 2.6 545.1 150 20
Subtotal.............. 431.6 23.5 705.5 166 87
Statef.......ovniiiiinn 5,153.0 1,068.2 8,116.7 107 103

* See footnote { in table 19 for the percentage of these crops irrigated in each region.
t The 1980 total includes Model] 1880C irrigated nereage of model crops, projected 1980 irrigated ncreage of orehard
and exeluded vegetable erops, and eiren 1965-66 acreage of irrigated pasture and nonslfalfa hay.

1 Computed from unrounded date.

nonirrigated activity which enters the
optimal solution is nonirrigated bar-
ley—with 26,000 acres. All other ae-
tivities require the application of sup-
plementary water. Irrigated acreage re-
quirements for all ecrops are 7 per cent
higher than estimated base period acre-
age actually irrigated (table 26). They
are only 3 per cent higher than the base-
period optimal irrigated acreage and
6 per cent lower than the optimum esti-
mated by Model 1980B.

The only regional change from the
base period actual which is in a differ-
ent direction than that of the base-
period model solution is in Region 7.
Total irrigated acreage in this region
is projected to be 6 per cent lower than
base-period actual. Region 8 shows the

largest relative inerease over the base-
period actual in this model (as it did
also in Model 1961-65). The largest
absolute inereases are in regions 4 and
5, with almost equal changes in both.

The projected regional changes in
total irrigated acreage are different
when Model 1980C and the base-period
optimum are compared. The largest
relative increase between the two op-
tima is in Region 6. A slight increase
is projected also in Region 3. In all
other regions, however, the change in
optimal irrigated acreage is downward.

For a final comparison, the Califor-
nia Department of Water Resources
(1966) published projections of irri-
gated acreage in California by hydro-
graphic region. They anticipate a 17.5
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per cent inerease in California’s irri-
gated acreage between 1960 and 1990,
with major expansion in the Central
Valley and with contraction in the
South Coast. Their 1990 projection for
the State is considerably higher than
our 1980 projection. Their 1990 pro-
jections in most regions are also higher
than ours. They are lower only in the
Delta (Region 5), and in the mountain
valleys (regions 8 and 9).

‘With the abundant supply of water
it seems likely that in the Delta, irriga-
tion facilities could be expanded in this
region beyond the Department’s pro-
jected level. The high rate of expansion
projected by this study in the mountain
regions, however, does not seem as
plausible, Whereas the Department
projects that irrigated acreage will in-
crease only marginally in these regions
{less than 20,000 acres), we have pro-
jected an increase of about 65 per eent
(nearly 300,000 acres). This high pro-
jection is presented. even though we
previously emphagized that little ex-
pansion ig likely in Region 9, and irri-

gation restraints were imposed at actu- -

ally observed past levels. The reason
for. this apparent discrepancy is ex-

plained by the role of irrigated pasture -

and nonalfalfa hay in that region’s
economy. These crops are assumed, in
this analysis, to be residual takers of
available resources. Therefore, the acre-
age of these crops irrigated in Region
9 was not subtracted from the total in
deriving the irrigation restraints, But
in discussing future irrigation require-
ments, weé have made no independent
projection of total or regional adjust-
ments in irrigated pasture acreage. Tn-
stead, in table 26 the acreage is as-
sumed to remain constant in all regions.
If all irrigated pasture were trans-
ferred out of both mountain regions,
the model projections could be pro-
duced with little aggregate increase of
irrigated acreage.

The primary model erop projected
for expansion in these regions is alfalfa

hay. Therefore, what will actually hap-
pen there depends primarily on the
relative competition between alfalfa
and pasture for scarce irrigated land.
Because irrigated pasture activities
were not ineluded endogenously in the
allocation model, no insights can be
offered by this study on the competi-
tive nature of these two erops. How-
ever, production tests recently per-
formed by farm advisors in Modoe
County have indicated favorable yields
of alfalfa in some areas. Being deficit
suppliers of their own hay needs, these
regions face a good market for the ex-
pansion of alfalfa hay production.
Therefore, with limited irrigation fa-
cilities, some alfalfa hay will likely sub-
stitute for irrigated pasture production.
But more alfalfa and/or irrigated pas-
ture will undoubtedly have to be pro-
duced in other regions (probably the
Central Valley) to meet projected de-
mand requirements.

Water requirements. Because of the
projected inerease in double-eropped
acreage, the quantity of water required
for production is expected to increase
at a more rapid rate than the acreage
of land which must be irrigated. Water
requirements for agriculture in 1980
are projected to be 11 and 12 per cent
higher than base-period actual and op-
timal requirements respectively (table
27). This increase is projected on the
basis that the quantity of water applied
per acre of each crop harvested will not
change from the base period. If the
applied water requirements were to in-
erease in order to obtain higher yields,
this projection would be an underesti-
mate. For example, if per-acre water
requirements increase 5 per cent (which
wag the aggregate increase in input per
acre expected in projecting 1980 costs),
the agricultural demand for water
would be 16 per eent higher than rea-
lized in the base-period actual. In either
case, our projection suggests a slightly
more rapid annunal rate of increase in
the demand for water deliveries than
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TaBLE 27

AGRICULTURAL WATER REQUIREMENTS BY REGION, ESTIMATED MODEL
‘ 1980C REQUIREMENTS*

Projected 1980 requirements:
. Region Taotal as Total as
Region oumber Included Orchard and peroentage percentage
crops excluded Totaltt of base of base
Motdel vegetable period period
1080C crops actual optimal
1,000 acre feet ‘per cenk
Coastal:
North....oooooviiiinnnnnn, 1 60 49 180 144.0 90.9
Central............c0nves 2 760 233 1,152 120.8 87.4
South..........cocihiins 2 134 617 987 77.8 100.0
Subtotal.........c.ue.. 944 899 2,318 98.8 92.6
Central Valley:
Bacramento................ 4 3,081 528 4,507 126.3 99.8
Delta..oooviaiiieriiinrenn 5 6,469 2,166 10,521 100.7 128.1
Subtotal............... 12,003 3,212 19,083 111.6 113.8
Desert. .vvvvnrivenricriverne 7 1,976 204 2,580 88.9 109.3
Mountain valleys:
Intermediate.........ocevxn 8 387 48 508 274.6 111.2
High......cooovvievnenniin, 9 807 ] 1,718 182.2 126.0
Subtotal..............- 1,284 54 2,226 178.9 - 122.3
Statef. . ...oiiiiiiiiican 16,217 4,370 26,208 1.1 111.8

* Water requirements

r horvested acre are agaumed to be the same as in the bage period.

t The 1980 total includea water requirements for: (1) Madel 1980C irrigated acreage of model crops, (2) projected 1980
irrigated acreage of orchard and excluded vegetable crops, and (3) circa 1965-66 acreage of irrigated pasture and nonalfalfa

ay.
{ Computed from unrounded data.

the Department of Water Resources
projection (14 per cent increase be-
tween 1960 and 1990).

With a higher State demand for
water, the demand is projected to be
higher also in most regions by ‘1980
#han was actually used in the base
period. The only regions projected to
have a decreased demand are the South
Coast (because of a projected decline
in harvested crop acreage) and the
Desert Region (because of a shift in
cropping patterns to lower water-using
crops). The relative increase in water
requirements in all other regions is
slightly higher than the relative in-
crease in irrigated acreage. Although
the 1980 cropping pattern is quite dif-
ferent from the base period actual, the

largest projected increases in water de-
mand are still in the regions with the
largest inerease in irrigated acreage.
The largest percentage increases are in
~the mountain valleys (regions 8 and
9), and the largest absolute increases
are in the Delta (Region 5) and the
Sacramento Valley (Region 4).

The most important projected in-
crease over the hase peried optimal re-
quirement is in the San Joaguin Valley
(Region 6). With a projected 28 per
cent inerease, the demand for water is
more than 2 million acre-feet higher
than the base period optimal require-
ment. However, the 1980 water demand
projection is still only slightly above
the base period actual requirement, and
this is the region whose water supply is
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TasLe 28
HARVESTED CROP ACREAGE BY CROP GROUP FOR INCLUDED
COMMODITIES, BASE PERIOD ACTUAL AND ESTIMATED MODEL
REQUIREMENTS*
Base period 1980 )
. Model C as Model C as
Crop group - %&dﬁlg percentage %\éc;dg:m(; percentage
Actual Model Model C period of b.“‘f period of 13%?
us o perio perie

actual aotual model Inodel

1,000 acres per cent 1,000 acres per cent

ASparsgus............... 64 42.8 40.8 —23.2 63.8 -2.0 95.4
Cole cTops......coovvnian 48 42.9 53.3 5.3 1111 10,4 124.4
Lettuce...........oouven 118 114.8 123.9 7.9 106.9 9.1 107.9
Melons...o.ovivnnirsneen 73 62.9 54.9 -18.1 75.3 -8.0 B7.3
Potatoes...ocovneriennnn 1 95,1 92.8 —8.2 91.9 -2.3 07.8
Tomatoes. .............. 178 168.8 187.2 —10.8 93.9 -1.6 89.1
L1672} 5 . N 180 156.7 0 —180.0 Q —156.7 0
Small grains. . ........... 1,871 1,418.8 819.1 —1,051.9 43.8 —589.5 57.7
Sorghums. .. cv.vvurvveas 285 232.5 806.1 541.1 304.2 573.6 346.8
Alfalfa........ocveninnns 1,278 1,259.9 1,204.1 18.1 101.4 3.2 102.7
Drybeans,......o.coov.. 217 104.2 192.9 —~24.1 58.9 -1.3 99.4
Riee..vcininnnacsnnans 318 288.7 248.4 —49.8 84.4 —30.3 89.9
Safflower...........oov0t 261 210.8 511.6 230.8 108.0 300,8 242.7
Bugar beets..........c.... 286 258.4 311.4 25.4 108.9 53.0 120.5
Cotton.....oocovvvnienns 785 812.0 1,156.3 391.3 151.2 344.3 142.4

* Source: Appendix C.

expected to benefit more from the con-
struction of the California Water Proj-
ect.

Harvested crop acreage. The earlier
parts of this discussion of the Model
1980C solution have focused on the land
and water resources required for the
production of model and high-value,
excluded crops.. Because significant
acreages of land were fallowed or
double-cropped in the base period or
are expected to be double cropped in
1980, this previous diseussion does not
adequately depict the adjustments ex-
pected in the acreage of crops actually
harvested. Therefore, we will now focus
on a comparison of the harvested aecre-
age of the crops included in the model.

State acreage. Optimal 1980C acre-
age of model erops harvested is 5,893,-
000 acres. This figure is 126,000 acres,
.or 2 per cent, less than actual 1961-65
harvested crop acreage. Although the
total land required for these crops is
prejected to be similar to the estimated
base period optimal requirement, har-

vested crop acreage is more than 14 mil-
lion: acres higher than in that solution.
This is an 11 per cent increase. In com-
parison to the Model B trend share
model, the land required for Model
1980C solution is 14 million acres less,
but the reduction in harvested crop
acreage is only 31,000 acres. The shift
to much more double cropping of feed
grains in Model 1980C iz responsible
for the inereased disparity between
total land required and harvested erop
acreage.

Major changes in crop acreage. As
indicated in table 28, the largest rela-
tive inerease in the harvested acreage
of any crop group bhetween 1961-65
actual and Model 1980C is for sorghum,
with an increase of more than 200 per
cent. The acreage of safflower (or other
oilseeds) increases 96 per cent and of
cotton, 51 per cent. For each of these
crops, the 1980 output is significantly
higher than the base-period output.
Four other erop acreage increases oc-
cur, each being less than 12 per cent.
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HARVESTED CROP ACREAGE BY REGION FOR INCLUDED COMMODITIES, BASE PERIOD ACTUAL AND ESTIMATED
MODEL REQUIREMENTS*

Base period 1980
Region Region _ Model C ModelCas | Model O Model C us
ess base percentage o ess base percentage o
Actual Model Model © period base period period base pul';iod
actual actual model model
1,000 acres per cent 1,000 acres .per cent
1 ] ’ - 35.0 24.0 18.0 400.0 ~11.D 68.6
2 333 478.5 308.2 - 85.2 119.6 -80.4 83.2
3 218 72.0 53.0 -~ 185.0 . 24.3 ~19.0 3.7
557 585.5 475.2 -81.8 85.3 -110,4 81.2
4 922 888.0 992.8 70.8 107.7 104.8 111.8
5 805 1,109.4 1,086.0 281.0 134.9 ~23.4 97.9
8 2,878 1,666.4 2,407.6 271.4 83.9 T41,2 144.5
4,408 3,663.8 4,486.4 80.4 101.8 822,68 122.5
7 40 582.7 499.9 ~149.1 o -82.8 856.8
Mountain Vallays:
Intermediate. .......covvveevneninens 8 243 185.0 119.3 . ~-129.7 47.9 ~45.7 72.3
High,..ovviiiiiiiiiniiciciiinne 9 158 3r2.0 312.8 154.3 197.7 ~59.7 84.0
Bubtotal............cooiiiiniins 407 537.0 431.6 24.8 106.0 —~105.4 80.4
Btate. ..o s 6,019 5,369.0 5,803.1 ~126.9 7.8 524.0 109.8

* Source: Appendix C.
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Decreases include corn, 100 per cent
(no corn is projected for production by
this model); small grains, 56 per cent
(because of a lower projected output
and extensive conversion from dry land
to irrigated production) ; asparagus, 32
per cent (resulting from higher yields
in the new production loeations); and
‘melons, 25 per cent (outputin both pe-
riods is similar, yields are higher in
1980, and there is a shift to the highest
yielding HPA in the 1980 solution).
Four other crop acreage decreases are
within 16 per cent of original acreage.

Harvested acreage of small grains
shows the largest absolute decrease of
more than 1 million acres. A significant
reduetion in acreage is also noted for
corn of 180,000 and for rice of almost
50,000 (rice yield estimates in 1980 are
35 per cent higher than in the base pe-
riod, and projected output in 1980 is
only 22 per cent 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.

‘In comparison with Model 1961-65
crop acreage, the largest relative and
absolute increases in Model 1980C crop
acreage are also for sorghum, cotiton,
and safflower. Decreases in both rela-
tive and absolute terms are most sig-
nificant for small grains and corn.

The relative difference between Model
1980C ecrop acreage and base period
actual is greater than the difference be-
tween Model 1980C and 1961-65 op-
timal for six crops, the same for one,
and less for eight.

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

Regional shifts—itotal Mrwsted acre-
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age. Major regional acreage changes
from 1961-65 actual include relative
inereagses of 300 per cent in Region 1
and 98 per cent in Region 9, and de-
creases of 76 per cent in Region 3 and
52 per cent in Region 8 (table 29). In
absolute terms the largest increases are
281,000 acres in Region 5 and 154,300
in Region 9. The largest decrease is
271,400 acres in Region 6. Others with
sizable decreases include regions 8, 7,
and 8.

‘When compared with the 1961-65
optimal, the largest relative change is
a 45 per cent increase in Region 6 acre-
age. The only other region with a pro-
jected increase is Region 4. Declines
are greatest in regions 1, 3, and 8 with
31, 26, and 28 per cent decreases, re-
spectively. The impact on total regional
acreage of moving from actual to op-
timal base-period loeations is greater
than the impaet of structural changes
between the two dates in seven of the
nine regions.

Regional shifts—individual erop har-
vested acreage. Several major shifts in
the regional distribution of individual
crops are noted between the 196165 op-
timal and the Model 1980C solution (see

‘Appendix table C-5):

1. Grain sorghum production expands
mainly in regions 4 and 6, from which
production originally shifted to Region
5 in the base-period model solution.

2. Some of the bean production shifts
back to Region 3 so the 1980C optimal
pattern is similar to the base-period ac-
tual. The only exception is that there is
no 1980C produetion in Region 4.

3. Safflower acreage increases mainly
in Region 6. Approximately 53 per cent
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.
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4. Bome sugar beet production shifts
from Region 3, a small acreage returns
to Region 5, and expansion of 196165
optimal acreage occurs in regions 2, 6,
and 8.

5. Approximately 15 per cent of the
State’s optimal-base period alfalfa acre-
age shifts from the Central Valley to the
mountain valleys (particularly to Re-
gion 9).

6. Small grain acreage declines in re-

gions 6 to 9. The only region with a pro-
Jeeted increase in optimal acreage is
Region 4.

7. Cotton acreage expands only in Re-
gion 6, but the 1980C regional distribu-
tion is still more heavily weighted to
Region 7 than is actual-base period acre-
age.

8. While more than 40 per cent of to-
mato acreage in the 1961-65 optimal

solution was in Region 2, it is concen-

trated entirely in regions 4 and 5 in
1980.

9. Approximately half of Region 2's
optimal-base period potato acreage
shifts to regions 5 and 6, giving Region
6 the largest share of the total in 1980
(which was actually the case in the base
period also).

10. Little or no regional realignment
of optimal acreage is projected for rice,
asparagus, lettuce, or melon production,

Production of projected output at
least total cost. The imputed value of
Model 1980C output is more than $1.5
billion. This figure is 33 per cent higher
than the actual value of base period out-
put and 47 per cent higher than the im-
puted value of Model 1961-65 produc-
tion. The inerease in imputed product
value over the base period is eaused by
(1) generally higher unit costs, (2)
higher output requirements, -and (3)
less land available in 1980 in HPAs to
which crop production was allocated by
the base-period model. Nonland produc-

tion costs are 46 per cent higher: than
suggested by Model 1961-65, and im-
puted rents are 64 per cent higher
(table 23).

Least cost feed grain miz. Output re-
quirements and all other parameters in
Model 1980C are 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 indi-
vidual feed grains to satisfy the aggre-
gate 1980B feed-grain net energy re-
quirement.

The Model 1980C imputed value of
production of all model erops is approx-
imately $21 million lower than the
Model 1980B imputed value. Shifting
from a 1980 fixed proportion feed grain
mix, in which the percentage of indi-
vidual feed grainsg in the mix is the
same ag during the base period, to a
least-cost mix results in a saving of 1.4
per cent in imputed value of model crop
production, In a perfectly competitive
system, this net saving would be passed
on to consumers,

In Model 1980B, the imputed product
value of all feed grains amounts to
$173.5 million. The imputed value in
Model 1980C is $24.3 million less. This
saving in the imputed feed grain prod-
uct value over Model 1980B rations
amounts to 14 per cent. If produetion
oceurs under perfect competition, this
is the saving that would be passed on to
the feeding industry.” A considerable
improvement in production efficiency
could thereby be obtained by moving
to the optimum product mix in this
crop group alone.

The faet that the imputed saving in
the produetion of feed grains is greater
than total imiputed saving of all crops
implies that the market value of some
other crops will be higher under condi-
tions of optimum location if the least-

* California is a defieit region in the supply of feed grains, A deficit is projected to continue
through 1980, so that feed grains will still be shipped into California. Hence, under equilibrium
conditions, if the imputed value of feed grains produced in the State is lower tham the cost of
feed graing shipped in, the production of these crops would be increased within California,

and inshipments would be decreased.
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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 and rice,
Imputed value of restricting vari-
ables. 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 variables not at restricting
levels is zero. The dual value for re-
sources is imputed rent and. for mini-
mum output restraints it is the mar-
ginal cost of producing one more unit
of that product. The restrieting variable
to the production of a erop activity in
the hasis is recorded along with its im-
‘puted value in Appendix table C-12.
The highest imputed rent to an addi-
tional acre of land is $61 in the Central

Coast HPA 0122. Other land rents are -

all less than $50 per acre. Enough water
to irrigate one additional acre of land
would be worth $41 in the Central Coast
HPA 0222 and $29 in HPA 0224,
Rotation restraints, which limit the
acreage that can be planted to a partic-
ular crop activity in any HPA, are spee-
ified in all models. However, it is pos-
sible to reduce the extent to which
rotations are required in the production
of most crops through good manage-
ment, weed and pest control, proper
fertilization, ete. Hence, the imputed
rent to a rotation restraint may be in-
terpreted as thie 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 $88 could be spent on non-
land resources to relax by one aere the
rotation restraint for cotton in the Des-
ert HPA 0372. Similarly, $74 in HPA
0572, $61 in the San Joaquin Valley
HPA 1263, $60 in HPA 1262, or $30 to
$40 in several other areas could be spent
on alternative resources to relax the cot-
ton rotation restraint by one acre. The
only other erops 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‘.

Imputed product prices. Model 1980C
representative erop imputed prices (or
the marginal costs of production ex-
pressed as positive values) average 4
per cent lower than actual 1961-65
prices and 10 per cent higher than im-
puted 1961-65 prices (table 30). The
average deviation of 1980C imputed
prices expressed as a percentage of base
period actual priees is 19 per cent. Thig
is a wider relative deviation than that
of the base period imputed prices with
respect to actual. In addition, the av-
erage deviation of 1980C prices as a
pereentage of base period imputed is the
lowest of the three ratios at 11 per cent.
There are at least two implieations of
the relative magnitude of these devia-
tions:

1. The impact on the relative produet
price vector is caunsed less by changing
cost, yield, and output parameters be-
tween the two time periods than by the
net effect of: (a) higher actual price-
cost ratios in the base period for some
erops than for others, (b) the possibility
for decreasing costs by moving to opti-
mal locations, and (e) having some
budgets which are less representative
of actual costs than others.

2. The changing parameters between
time periods do not offset any of the
relative price deviation ohtained by
moving from actual to optimal produe-
tion locations in the base period.

The 1980C imputed prices which are
the largest relative to 1961-65 actual
prices are for summer lettuce (+ 31 per
cent), alfalfa hay (+ 24 per cent), and
sugar beets (+ 24 per cent). The lowest
relative to the hase period actual are for
safflower (34 per cent), tomatoes (—26
per cent), corn (-26 per eent), and bar-
ley (~24 per cent). The highest 1980C
prices relative to 1961-65 imputed
prices are for grain sorghum (+ 32 per
cent), asparagus (+ 21 per cent), dry
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TasLE 30
IMPUTED CROP PRICES, MODEL 1980C
. Model 1980C 1861-66 actuul Model 196165
Representative crop imputed price price* price
dollar/ton harvested zer eont
F T o Y T A U R 302.22 11 121
Broeeolic.....ovoiie i i 146.47 91 107
Lettuce:
76.90 94 118
86.26 131 115
85,38 110 114
97.08 87 118
90.84 107 118
58.46¢ 1141 113
21.26 74 95
37.70% T4 75
35.06§ 76 74
QGrain sorghum 36.19 83 132
Alfalfa hay. . 30.17 124 112
Dry beans. .. 181974 93 121
Rice........ 78.07 kil 96
Saflower 55.81 66 108
Sugar beets 14.48 124 115
dollar/bale harvested
L7 152,082 93 120

* Not ineluding any govemment peyments.

IImputed price of USDA No. 1’s; imputed pries per ton of Ragwn 1 potatoes is $60.52.

Average for all potatoes marketed.
1 No corn activities entered the optimal basis.

§ Estimated from imputed price of feed grains: imputed price of barley is 83 per cent of feed grain price, and gram

sorghum is 96 per cent.

f§ Imputed price per ton of Central Valley dry beans is §195.12.

beans (+ 21 per ecent), and cotton (+ 20
per cent). The lowest are for harley
(—26 per cent) and corn (~25 per
cent). Each of these crops whose 1980
to 196165 imputed price ratio is at
one of the extremes either has a very
low 1980 yield relative to the base pe-
riod, or it is a feed grain crop and is
affected by thé minimum-cost feed grain
réstraint in Model 1980C.

Sensitivity of solution to errors in
parameter estimation. To indicate the
sensitivity of the optimal solution to
" possible data errors, three observations .
are offered. :

First, there are 120 activities in the
basis. The basis will change if the real
cost per unit in any one of a subset of
30 activities is underestimated relative
to all others by only 1 per cent. In a sec-
ond mutually exclusive subset of 18, un-
derestimation of between 1 and 2 per

cent would cause an incorrect solution;
in another of 29, 2-5 per cent, in a
fourth of 27, 5-10 per cent, and in still
another subset of 16, underestimation
of more than 10 per cent would cause
incorreet solutions. Some of the changes
so promipted in the basis would amounnt
to only a few aeres of crop shifting loca-
tion and others to more than 10,000
acres. No summarization has been made
of the effect of data errors in the non-
hasie activities, but they appear gener-
ally to be somewhat less sensitive 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 overes-
timated, but these are less important
than underestimation in that group.
The second point deals with the para-
metric programming of certain water
costs in the following section. The solu-
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tion changes when the water cost is re-
duced as little ag $2 per acre-foot in
HP As 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 acre-foot (or more
than 60 per cent from original prices).

Finally, solutions were obtained for
two additional models to obtain a rough
idea 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 low-
ered 25 per cent and in the other it is
raiged 25 per cent. The imputed price of
feed grains in corn ton eguivalents is
$37.65 in the first and $38.26 in the
latter as compared to $37.70 in Model
1980C. When output is decreased 25
per cent, imputed price decreases only
.14 per cent; when increased 25 per cent,
imputed price increases 1.55 per cent.
The only other ecrops for which the im-
puted price varies between models are
alfalfa (- .07 per cent in the former and
+.07 per cent in the latter) and rice
(+.B1 per cent).

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

In this entire past section, attention
has been focused on the findings of

Model 1980C. The projections of this

model have been referred to as the
“best” of the 1980 models in the absence
of governmental programs.

Summary of Projection Models

Three projeetion models have -been
discussed. In each model, land, irrigated
acreage, and rotation restraints are get
at projected 1980 levels. Yield and non-
land cost per harvested acre are pro-

jeeted to be representative of 1980 also.
The demand restraints are the only ele-
ments which differ between the primary
models (Models 1980A and 1980B). In
Model 1980C the least-cost feed grain
mix ig determined simultaneously with
the optimal location of production. This
last model has been discussed in this see-
tion as the most reasonable of the 1980
projection models.

The combined effect of shifting pro-
duction from nonoptimal base period to
optimal Model 1980C locations, increas-
ing the relative use of irrigation in pro-
duction, and harvesting two crops from
a larger proportion of acres more than
offsets the greater requirements for land
resources because of increased demand.
Land requirements for the included
crops in Model 1980C are considerably
lower than actual requirements in the
base period, While Model 1980C land
and irrigated acreage requirements are
the Jowest of the 1980 models, land re-
quirements in all of the 1980 models are
lower than aetual requirements in the
base period. However, irrigation water
requirements for the 1980C cropping
pattern are significantly higher than for
the base-period actual or optimal crop-
ping patterns.

Harvested included crop acreage in
Model 1980C, although higher than the
bage period optimal, is lower than ac-
tual acreage in the base-period and op-
timal acreage in Mode]l 1980B. The
Model 1980C regional distribution of
crop acreage is quite different from the
actual base period distribution. Ac-
tually, significant contrast also ean be
observed between the 1980C solution.
and any of the other model solutions.

The total value of model erops pro-
duced i California will increase mark-
edly from the base period, but primarily
because of a higher output. In a per-
fectly competitive market, crop prices
in the 1980C solution are projected to
average slightly lower than actual
prices in the base period. Significant
changes will likely occeur in the relative
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price vector, with some erop prices
much higher and others much lower
than in the base period. Searce resources
in the base period will become even more
scarce by 1980 and will earn a higher
rent for their usage in production. Fi-

nally, it is projected that the least-cost

feed grain mix in 1980 will be comprised
of a larger proportion of grain sorghum
and a smaller proportion of barley and
corn than the base-period mix.

By means of extending Model 1980C,
two other important issues concerning
California agriculture are discussed in
the next section: (1) the demand for
water on the West Side, San Joaquin
Valley (with consequent implications
to the California Water Project pricing
policy); and (2) the impaet on produc-
tion of a more rapid rate of urban ex-
pansion in the State.

APPLICATION OF ALLOCATION MODELS TO
PARTICULAR RESOURCE USE PROBLEMS

California agriculture is continually
adjusting to changes in governmental
policies and projects affecting resource
production deecisions, rapid mechaniza-
tion of production and processing meth-
ods, and inereased urban pressure for
land. The allocation models developed
for this study lend themselves to ana-
lyzing some of the more pressing re-
souree-use problems in California. Spe-
cifically, in this section, we consider (1)
the demand for water on the West Side
San Joaquin—an emerging agricultural
area faced with high water costs, and
(2) implication on the land-food base
from higher rates of urban expansion.

West Side San Joaquin Valley
Water Pricing

Relevance of the parametric pricing
problem. Because of high water costs
n the West Side, only a portion of the
acreage in HP As 0362 and 0363 (West
Side area) is used for production in any
of the models. Cotton and melons are
produced in HPA 0362 in all four

Models 1980B and 1980C. In the past,
only parts of the West Side area have
been irrigated by deep wells drawing on
diminishing and sometimes brackish
ground water sources.

However, beginning in 1968 the Cali-
fornia Aqueduect, a part of the compre-
hensive California Water Project,
began delivering water to acreage in
HPAs 0362 and 0363. Moreover, it is
anticipated by the U. 8. Bureau of Rec-
lamation. and the California Depart-
ment of Water Resources that more
than % million acres of West Side land
will be irrigated in 1980. But with cur-
rently estimated cost of water and the
crop alternatives considered in this
study, less than 300,000 acres enter any
of the optimal solutiong.®

If the parameter levels in this study
are reasonably accurate and the model
structure is adequate, then one would

~c¢oneclude that it will be uneconomic In

1980 for farmers to use the total volume
of water projected for delivery on the
West Side. Since the California Agque-
duct is a joint State and Federal proj-

models and cotton in HPA 0363 in

% Undoubtedly, some additional production of crop 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 aecres in this area are
projected to be idle or available for pasture of nonalfalfa hay. The cost of water is too high
to support a pagture-hay economy. Therefore, the major alternatives left are export cotton,
orchards, and vegetable crops, If a major portion of the projected met acreage expansion of
these crops between 1961-1965 and 1980 were to occur on HPA 0362 and 0363 land, it would
require less than 100,000 additional acres to meet projected market requirements. Even then,
at least 150,000 fewer acres would be irrigated in 1980 than is estimated by the Department of
Water Resources and Bureau of Reclamation sources.
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ect, these governments have eontrol over
the base price charged for water. If it
is uneconomie for many farmers to use
the water at the higher price levels, it
may be possible to increase the total an-
nual return to the public’s capital in-
vestment by lowering the price and ex-
tending the repayment period.

The parametric objective funection
{variable cost) programming method is
applied to the Model 1980C solution to
determine the demand funetion for
water on the West Side. This program-
ming method is a modification of the
standard simplex linear programming
model (see Heady and Candler, 1963,
chapter 8). The effects of a wide range
of costs or prices on the optimal solu-
tion to the simplex problem can be stud-
ied. For an input such as water, para-
metric programming may bhe used to
indicate the optimum quantity of water
to be purchased at each possible unit
cost; ie., to indicate the optimum acre-
age of land and type of crops to be ir-
rigated in relation to water cost.

Solutions are obtained at 1965 water
cost decrements of $2.00 per acre-foot
in HPAs 0362 and 0363. Because of the
method of budgeting and projecting
costs used in this study, a $1.00 change
in the 1965 unit cost of water (or of any
of the budgeted resource activities) re-
sults in a $1.10 total change per unit in
the 1965 produetion cost and $1.35 in
the 1980 -cost. Therefore, in the discus-
sion to follow, when a $2.00 decrease in
the 1965 water cost per acre-foot is men-
tioned, it really refers to a $2,70 de-
crease in 1980 nonland production eost.*

Demand for irrigated land on the
West Side. 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

per acre-foot decrease in water price.
In HPA 0363, 163,000 acres are brought
into produection with a $6 decrease.
With only a $4 price decrease, a com-
bined total of 413,300 acres is brought
into production. Hence, the marginal

- cost of water to the farmer would have

to be reduced between $4 and $6 to
bring the 14 million aeres of land into
production for which water is planned
to be available in 1980. The specific crop
activity acreages in these two HPAs at
each incremental price level are re-
corded in table 31.

- West Side irrigation water demand
by study crops. A continuous 1980 de-
mand funection for irrigation water used
by the study crops in these HPAs is
estimated in loglinear form from the
eight parametriec program observations.
The demand funetion is for all irriga-
tion water in the area, not only for that
which is delivered by the California
Aqueduct. With the total quantity of
water demanded in both HPAs, esti-
mated as a function of 1965 price in
each HP A, these least-squares equations
are ohtained: :

logi Q=3.64-.052 Pyyee,  (17)

logio Q=3.89—.052 Poyes,  (18)

where

Pyase ig the unit cost of watér to the
farmer in HPA 0362;

Posss is the unit cost of water to the
farmer in HPA 0363; and

@ is the total quantity of water de-
manded, in 1,000 acre-feet units, in
HPAs 0362 and 0363.

The regression coefficient ig the same in
both equations. The difference in the
intercept value is due to the difference

% The irrigation requirements for each crop are given by Shumway and Stults (1970). The
1965 costa per acre-foot is $14.70 in HPA 0362 and $19.36 in HPA 0363. The total generated
nonland production cost in 1980 per acre-foot of water applied (assuming no change over
time in water requirements per harvested acre) is $19.89 in HPA 0362 and $26.19 in HPA 0363.
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MODEL 1980C CROP ACTIVITY ACREAGE IN HPAs 0362 AND 0363 AT
ALTERNATIVE 1965 PRICES OF WATER )

HPA 0382
1985 Alfalfa Barley- Dry Canta-
water price hay sorghum Cotton beans Safflower loupes Patatoes Total
dollars/acre-foot. acres

166,000 - 40,936 206,938

166,000 40,936 205,9‘36
166,000 43,383 40,036 250,319
166,000 64,872 201,644 40,930 30,546 503,998

166,000 64,872 201,844 40,936 30,546 503,998

27,412 59,852 166,000 220,188 30,546 503,998
307,998 30,001 166,000 503,998
338,000 166,000 504,000

HPA 0383
1965 water price. Dry beans Cotton Safflower Sugar beets Cantaloupes Total
dollars/acre-fool| acres

. 65,329 85,320
. 94,741 04,741
. 163,000 163,000
.70, 163,000 163, 000
. 163,000 ‘ 163,000
. 64,872 163,000 - 41,318 269,190
. 64,872 163,000 189,935 © 35,873 41,318 454,008
(1 TR 35,755 163,000 198,627 58,297 41,318 404,907

in cost of water of $4.66 per acre-foot.

Demand equations are plotted on a
semilog seale in figure 5. The 1965 price
of water is identified on the horizontal
axis and the combined quantity de-
manded in both HPAs on the vertical
axis.

Elasticity of demand. The point elas-
ticity of demand with respect to the
1965 price of water is estimated at se-
lected prices and recorded also in figure
5. For HPA 0362, the elasticity is de-
termined 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.

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. Henee, if the $4.66
water price differential is maintained
between production areas, total revenue
to the water projeet would be maxi-

mized 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 eosts in-
curred in supplying incremental units
of water to farmers, the quantity at
which profits, or net returns on invest-
ment, are maximized would be lower
than that at which total returns are
maximized.

In contrast to this, generally elastie
demand function for water on the West
Side of the San Joaquin Valley is the
inelastic demand for water on Tulare
County farms estimated by Moore and
Hedges (1963, p. 133). At a 1965 water
price per acre-foot of $9.70 in HPA
0362 or $9.36 in HPA 0363, the West
Side demand for water is elastie; that
is, a 1 per cent decrease in price would
result in more than a 1 per cent increase
in quantity demanded, so total revenue
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to water suppliers could be inereased by
lowering the price in these areas. How-
ever, at a price of $9.44 in Tulare
County, Moore and Hedges estimated
demand to be very inelastie (e=
~0.188). A 1 per cent decrease in price
would result in only a 188 per cent in-
crease in quantity demanded; therefore;
total revenne to water suppliers would
inerease by raising the priee of water
in Tulare County. Even at a price of
$23.30 per acre-foot, demand was still
estimated to be inelastie by Moore and
Hedges.

Both the Moore-Hedges study and the
present one of demand curves for water
were derived with parametrie program-
niing, However, certain differences exist
in the underlying assumptions and tech-
nique, as well as the area of analysis.
Moore and Hedges derived their agpre-
gate demand funetion from summing
individual demands by different sized
farms. A different aggregation proee-
dure is used in this study wherein each
HPA is represented by a typical farm.
The demand curve derived by Moore

and Hedges included the water de-
manded fororchard and vineyard erops,
whereas these crops are excluded in our
analysis.-Becanse water costs comprise
a smaller portion of nonland production
costs for orchard and vineyard crops
than for the purported West Side field
erops and vegetables, one would éxpect
the water demand for the Moore-Hedges
study to be less elastic than for this

- analysis. However, a more complete

analysis of the West Side which explie-
itly includes orchard and vineyard
erops as production alternative eould
alter these conelusions.

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

1. Unless water costs in these two
HPAs are substantially overesti-
mated or important deficiencies
exigt 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 West Side for which water is
expected to be available in 1980,
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2. Annual revenues to suppliers of
water on the West Side may be in-
creased by lowering the unit price
of water sufficiently to irrigate all
of the available land by 1980. There
are important implications and pos-
sible income -affects, however, for
other producing regions in the
State if such a policy were adopted.

High Rate of Urban Expansion

The conversion of agricultural land
to nonagricultural uses has eaused
alarm to those who foresee food short-
ages resulting from a declining land
base. Several researchers have focused
their attention on the extent of histori-
cal transfers of land out of agriculture
and have projected future transfers.
Unfortunately, there is little agreement
on either the Amount of land eurrently
in nonagricultural uses, particularly
urban, or on future requirements in
California. Some estimates differ by as
much ag 100 per cent. Part of the dis-
erepancy is due to definition and part
to method of measurement. For exam-
ple, for the urban estimates some per-
sons have relied on published acreage
of land within city limits, Others have
estimated urban acreage from aerial
photographs. Estimates from the latter
method of measurement may still vary
considerably depending upon what is
defined as urban land. Difference in the
interpretation of the “pockets” of idle
land within the general urban bound-

aries may account for a significant por: °

tion of the aggregate deviations.

The basic source of urban land esti-
mates used in this study was chosen be-
cause of the apparently sound scientific
procedures underlying the actual urban
estimates and the detail in which his-
torical and projected future land con-
versions from nonurban to urban uses
were reported. These estimates are lim-
ited to land eonverted from agricultural
or idle land to built-up or established
urban uses (intensive and extensive)
and are the most conservative of the

various estimates available. Also in-
cluded_ in our nonagricultural land-use
tabulation are estimates of the acreage
in public ownership (roads, parks, mili-
tary‘reservations, ete.).

In the earlier analyses of optimal pro-
duction patterns, it has been assumed
that dll suitable land not in public own-
ership nor required (current or pro-
jected) for built-up urban uses is avail-
able for agricultural purposes. How-
ever, if (1) a sizable acreage of land
on the urban fringe is taken out of ag-
riculture and left idle temporarily prior
to urban development or (2) the gquan-
tity of land required for urban and
other nonagricultural uses is underesti-
mated, then the adjustments prompted
in agriculture by expansion in the non-
agricultural sectors will be underesti-
mated, also. Because of this possible
bias, the imipact of a more rapid conver-
sion of agricultural land to nonagricul-
tural uses is analyzed in the framework
of the major projection model (Model
1980C).

California conservation needs inven-
tory. Preliminary estimates of current
and future urban land acreage have re-
cently been made by the California Con-
gervation Needs Committee (1961)
under the chairmanship of the USDA
Soil Conservation Service. They esti-
mate total State urban acreage in 1967
to be 3,354,000 acres and the conversion-
of land from agricultural to nonagri-
cultural uses hetween 1968 and 1980 to
be 2,016,000 acres. The 1980 projection
of 5,370,000 acres in urban and related
uses compares to our 1980 projection of
2,971,000 acres in urban usage in the
State and 804,000 acres in public own-
ership in the HPAs. ‘

The two sets of estimates are not ex-
actly comparable for reasons already
mentioned. While our estimates and
projections of urban and other nonagri-
cultural land requirements are on the
low end of the scale of estimates, the
Conservation Needs Committees’ esti-
mates are on the high end. Thus, the two
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estimates may bracket the relevant
range. The agricultural oriéntation of
these committees may have influenced
them to include in the urban and related
categories estimates of _agricultural
acreage left idle prior to nonagricul-
tural development. If urban expansion
continues to leave significant pockets of
idle land in the wake of its sprawl, as it
has in the post-World-War II era, and
if the population grows more rapidly
than we have assumed, these higher esti-
mates of acreage losses for agriculture
may be more realistic. Therefore, in this
exercise, the Conservation Needs Com-
mittees’ preliminary projections of
urban and related acreage are used in
place of our nonagricultural-acreage
requirements. '

Subeounty detail is not available for
the Committee projections. Therefore,
the county estimates are distributed
among HPAs according to specific as-
sumption. Specifically, it is assumed
that: (1) each Committee projection of
urban and related acreage in a county
is distributed between agricultural and
nonagricultural. areas in the same pro-
portion as our urban projection, and
(2) that portion in agricultural areas
is distributed among individual HPAs
in proportion to our urban and publie
land projections. Based on these as-
sumptions and aggregated for the State,
81.5 per cent of the Committee’s 1980
projections are allocated to agricultural
" areas. However, the regional distribu-
tion within the agricultural areas is
somewhat different from our 1980 pro-
jections of urban and public land (table
32). Their projections are higher in all
regions, with the largest difference
being in the San Joaquin Valley. Im-
portant differences also exist in the
Desert Region and in the rest of the
Central Valley. While the absolute dif-
ference is important also in the Central
and South Coast, the relative difference
in those regions is not as great as in

others. Much of this additional acreage

for urban uses is projected to be with-

drawn from prime agricultural land.

Because semiagricultural land re-
quirements have been calculated at 10
per cent of gross agricultural acreage,
an. inerease in urban acreage decreases
the  semiagricultural requirement.
Therefore, the reduction in the model
acreage restraints is 90 per cent of the
inerease in urban acreage.

Impact on California agriculture.
‘With more than 1 million fewer acres
available for ~crop production, more
than 300,000 acres of included erops
shift from HPAs with increased urban
pressure to HPAs with idle land.” Total
land required for the model erops is
24,000 acres higher than in Model
1980C. The produectivity of the land to
which these erops are shifted is about 8
per cent lower than the original land
used in Model 1980C.

Nonland production costs are $10.6
million (0.8 per cent) higher; total value
of production, or cost to consumers
under perfeet competition, is $19.8 mil-
lion (1.3 per cent) higher; and aggre-
gate rents to the fixed resources used in
production are $9.2 million (6.4 per
cent) higher.

Harvested crop acreage is up 28,000
acres (see Appendix table C-12), with
considerable redistribution among re-
gions. The largest increase in harvested
acreage is in Region 6 (+ 153,200 acres).
Regions 8 and 9 experience an inerease
of almost 50,000 acres each. The most
significant decrease is in .Region 5
(-102,000), and it is sizable also in Re-
gion 4 (-55,600). Somewhat surpris-
ingly, the decrease in regions 2 and 3 is
far less significant. Although the differ-
ence between the Committee’s and our
nonagricultural acreage projection in
these regions is similar to the difference
in regions 4 and 5, the decrease in har-
vested acreage in both regions together
is only 59,100 acres.

% Combined adjustments in the model crops and thé high-value excluded crops are much

higher (about 600,000 acres).
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TasLE 32
NONAGRICULTURAL ACREAGE IN CALIFORNIA, 1980 ALTERNATIVE
PROJECTIONS
Sauree of projection
Region -
Area
number Shumway Conservation Needs Committee less
et al.* - Committeeat Shumway
1,000 acres
In homogeneous production areas:
* Coastal
North 1 31.3 60.7 29.4
Central 2 551.3 R 660.8 109.5
South 3 1,350.86 - 1,524.4 173.8
Suhtotal..,............o0l 1,033.2 2,245.9 312.7
Central Valley
Sacramento. .. ..o 4 183.6 315.3 131.7
Delta.....oovviiiiiiiiinnaanes 5 290.5 477.3 186.8
Han Joaquin..........oiiineens 6 437.5 696.7 259.2
Subtotal...........oovene. g11.8 1,489:3 ’ 571.7
Desert....ccoovviiiinininniannne. i 179.2 361.9 183.7
Mountain valleys
Intermedinte............coouin 8 34.9 47.5 12.6
ngh_ .......................... 9 162.3 231.5 9.2
Subtotal..................... 107.2 279.0 81.8
TOTAL........coovviivininns 3,221.41 4,375.9 -1,154.5
Not in homogeneous pmductmn k .
F1S 25T 553.09 994.0 441.0
Statetotal. .. .....oooveeiiinnn.. | 3,775.0 5,370.0 1,595.0

* In urban uses and public ownership.
t In urban and reélated uses.

1 Urban and public land use.

q Urban acreage only .

Some production area shifting is ob-
gserved for all crops except melons,
winter lettuce, rice, corn, and nonirri-
gated barley. There is only minor
change in the production patterns of
the other vegetables and safflower.

The most important production pat-
tern changes are in the field crops: 9

1. The largest increase in the harvest
acreage. of any crop is for alfalfa
(+ 41,200 acres). Major shifting
occurs out of the Delta (Region b)
and the southern part of the San
Joaquin Valley (Region 6) to the
northern end of the San Joagquin
Valley (Region 6) and to the in-

termediate- and high-level moun-
tain valleys (regions 8 and 9),
The higher acreage requirement is
due to this transfer of acreage
from the high-yielding Central
Valley to the less productive moun-
tain valleys.

. A major ghift, with important im-

plications concerning the conclu-
sions drawn from' an earlier ex-
tension of Model 1980C, affects
cotton. Production from 80,000
acres of land on the eastern part
of the San Joaquin Valley shifts
to the West .Side. Productivity is
enough higher in the new areas to



Gignnini Foundation Monograph « No. 25 « September, 1970 83

reduce the total acreage required
by 13,500 acres.

3. More than 50,000 acres of double
cropped barley and grain sorghum
shift southward in the Central
Valley from regions 4 and 5 to
Region 6.

4. Dry bean acreage shifts generally

northward—both along the Coast
and in_the Central Valley,

5. Sugar beet acreage shifts some-
what from the Coast to the San
Joaquin Valley and the intermedi-
ate level mountain valleys. The
acreage on terrace 5o0il almost
doubles.

SUMMARY AND CONCLUSIONS

Agriculture in California is continu-
ally adjusting to changes in resource
availability, production relationships,
and demand for its preducts. While
increased urban competition for land
and water resources is reducing the

"+ supply available for agriculture in

some arcas of the State, water develop-
ment projects are bringing arid land
into production in other areas. Techno-
logical developments, such as improved
plant varieties, will increase yields for
most erops in the next decade and alter
the demand for inputs and basic re-
soureces used in production. Demand for
output of California agriculture will
change with consumer preferences,
population and income growth, and
changes in foreign-market develop-
ments. Focusing on the year 1980, a
major goal of this study is to provide
a framework for analyzing the impact
of these factors on the location of pro-
duction. in California and on the ag-
gregate demand for land and water
resources.

A linear programming spatial allo-
cation model is used to determine the
“optimum’ location of production in
the base period of 1961-65 and for
1980 under alternative projections of
demand, urban expansion, feed grain
production, and water pricing on the
West Side of the San Joaquin Valley.
Various estimation procedures are used
to develop the considerable data re-
quirements of this approach, including
(1) demand for output of all major
agricultural commodities produced in
the State is specified for the base period

and is projected to 1980; (2) areas with
moderate to high agricultural produec-
tion potential, aceounting for some 19.6
million acres of the State’s 100 million,
are delineated into 95 homogeneous pro-
duction regions with similar soil and
climatic conditions; (3) erop yields and
nonland costs are determined for each
of these areas for the base period and
are projected to 1980; (4) urban land
use, public land use, and semiagricul-
tural land use are determined for each
homogeneous produetion area in the
base period and are projected to 1980;
and (5) the availability of irrigable
land in the various regions is specified.
The commodity coverage in the model
includes 15 field crop and vegetable
groups that accounted for 72 per cent
of the harvested aecreage in California
in the 1961-65 period. The acreage,
water requirements, and location pat-
terns for excluded commodities—all
orchard and certain vegetable crops—
are considered predetermined. Results
are discussed for the base-period model
and for the 1980 Models.

Base-Period Model

Although the major focus is on
1980, it was considered important to
obtain a linear programming solution
for base period conditions of demand,
supply, and resource availability. as a
point of reference for 1980 changes in
these conditions. Also, the 1961-65
study is of interest of itself to indiecate
the difference between actual and model
locationg of production, land use, water
nse, and harvested acreage.
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Land use. Total land available in the
95 homogeneous production areas ig
19.6 million acres. Urban use of land
in the State is estimated at 2.0 million
acres, of which 1.6 million is in the
homogeneous production areas. To ob-
tain the available supply for agricul-
tural production, urban land (1.6),
public land (0.8), and semiagrieultural
land uses (1.7) are deducted from the
study area total to give a base of 15.5
million acres. Of this base acreage, the
excluded commodities of orchard and
eertain vegetable crops plus irrigated
pasture and nonalfalfa hay require 3.2
million aeres. In the actuel base-period
land use, included commodities use 6.9
million aeres, leaving 5.4 million for
range land. For the base-period model,
5.1 million are allocated to included
commodities, leaving 7.2 million acres
for other uses such as range land. This
lower land requirement for included
crops is due primarily to the shift from
dryland grain produetion to irrigated
double-cropping production, as well as
shifts in the location of production.

Water wuse. The actual irrigated
acreage in the base period is based on
Census data plus the use of maps of
the Department of Water Resources

to allocate land to the homogeneous

production areas. The total irrigated
acreage of 7.6 million acres in the study
area Includes 2.8 million acres for the
excluded commodities (irrigated pas-
ture and nonalfalfa hay, 1.3; and or-
chard crops, 1.5) plus 4.8 million acres
for the ineluded erops. In comparison,
the model 1961-65 acreage includes 5.1
million irrigated acres for the included
crops plus the same requirement for
the exeluded crops, giving a total of
7.9 million acres. This increase shown
in the alloeation model is due, also,
to a shift from dryland to irrigated
production, with the major shift being
to irrigated alfalfa hay and barley in
the higher elevation valley areas.
Water requirements are similar for
the base-period aetual and model esti-

mates, in spite of the increase in irri-
gated acreage noted above. Total water
requirements equal 23.6 million acre-
feet for the actual versus 23.4 million-
acre-feet for the alloeation model. This
latter estimate is comparable to the
gross requirement for 1960 of 28.5 mil-
lion acre-feet estimated by the Califor-
nia Department of Water Resources
lesg a loss in eonveyance of 5.1 million
acre-feet for that year estimated by
Lofting and MeGauhey (1963), giving
a net requirement of 23.4 million acre-
feet. For the base period actuel re-
quirements, included commodities re-
quire 14.4 million acre-feet and ex-
cluded commodities 9.2 (irrigated pas-
ture and nonalfalfa hay, 5.3; and or-
chard crops and excluded vegetables,
3.9), giving the total of 23.6 million
acre-feet. The model resultz indicate
slightly less water requirements but
higher irrigated acreage because of the
shift in location of production and the
difference in water requirements by
area. For example, one harvested acre
of alfalfa requires 2.25 acre-feet on the
alluvial soil in the North Coast as eom- -
pared with 8.0 acre-feet on a similar
soil in the Desert Region. Loecation
shifts and water requirements by re-
gion are shown in detail in the report.

Harvested crop acreage. The actual
harvested acreage of crops is based on
Crop and Livestock Reporting Service
estimates plug the California Depart-
ment of Water Resourees unpublished
land-use survey, summarized by seven
and one-half minute quadrangles. Har-
vested acreage for included commodi-
ties equals 6.0 million acres based on
actual data, as compared with 5.4 mil-
lion acres for the allocation base-period
model. Of the reduction of 650,000
acres, 70 per cent is due to the re-
duction of small-grain acreage, As
noted previously, dryland barley pro-
duction is replaced by double-cropped
feed grain production. The remaining
reduction is due to shifts in loeation to
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take advantage of lower-cost regions of
produection,

General conclusions, A close inspec-
tion of actual versus mode! results in-
dicates considerable difference in lo-
cation patterns. This is not entirely un-
expeeted because of the nature of linear
programming solutions of this type
where important simplifications are in-
troduced. For example, the loeation of
sugar beet refineries is not specified as
a restraint to the loeation of sugar beets
and the associated shipment -costs.
Neither are government programs
(such as acreage allotments on cotton,
wheat, and feed grain) introduced as
constraints to adjustments of these
crops. Long-run adjustments are as-
sumed. Further, price and yield un-
certainty for farmers in a given homo-
geneous production region is not di-
rectly taken into account, which might
result in more diversified eropping pat-
terns rather than the specialization
that might be implied by the linear
programming solution. The authors
are aware of the pitfalls of the analysis,
yet find the model a useful deviee for
appraising the impact of changes in
such factors as urbanization, yield, and
demand shifts to 1980. It ig helpful to
have this model bench mark, as well
as actual 1961-65 conditions, to com-
pare the impact of these changes. One
further bit of information is worthy of
note; namely, the value of production
for included commodities, as reported
by the Crop and Livestock Reporting
Services, is $1.13 billion as compared
with the imputed value obtained from
the base period model of $1.02 billion.
One interpretation might be that there
was a misallocation of production loca-
tion of 10 per cent, in value terms. Ree-

ognizing the sensitivity of the mode] to -

slight changes in yields, costs, and
transportation costs- (which are mot
specified in the model), one might rea-
sonably coneclude that this magnitude
of difference is not serious sinee the
model dees not consider farmer-produe-

tion adjustment to unecertainty that is
reflected in diversification of crop pro-
duction. On the other hand, a ecross-
section view of a dynamically changing
industry is apt to point out nonopti-
mum location patterns of production.
We conclude that the model appears
to offer sufficient validity to explore the
implications of change for 1980.

1980 Models

Several 1980 models are designed to
answer specific questions concerning
the future of California’s agricultural
industry under given projected condi-
tions. The cost and yield estimates, as

- projected to 1980, are the same in each

of these models, ag are the total land,
irrigated acreage, and land use in ho-
mogeneous production areag for public
use, semiagricultural use, and excluded
commodities, Difference among models
are specified to determine the impact
of: (a) alternative demand levels for
California erops (Models A and B);
(b) a minimum cost feed grain produec-
tion mix (Model C); (¢) a conserva-
tive estimate of 1980 urban land use
(Models A, B, and C) as compared
with a high estimate (a modification of
Model C); and (d) the effeet of water
prices on production on the West Side
of the San Joaquin Valley (a further
modification of Model C). ‘

Effect of alternative demand levels,
In Model A, the proportion of pro-

.jected 1980 U, 8. output demanded from

California producers is assumed to be
the same as the 1961-65 share, whereas

- Model B output is based on a projected

share of U. S. output for most erops,
with the exception of feed grains, hay
and silage, which are based on inde-
pendent livestock projections. The pro-
Jjected-share output levels are equal to
or greater than the constant-share levels
for all included eommodities with the
exeeptions of dry beans, grain sorghum,
barley, and oats. A significant inerease
in cotton output is specified in the pro-
jeeted share model of 58 per cent above
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the 1961-65 level, associated with the

assumption of discontinuation of gov-

ernment programs which currently
limit interregional shifts in produe-
tion. The authors feel that further

work is required in analyzing the cot-.

ton program and demand prospects due
to competition with syntheties and
changes in world trade. The 1980 Model
A constant-share assumption indieates
an 11 per cent increase in cotton pro-
duction in California. A significant in-
crease also is projected for oilseed pro-
duction.

Crop yields are projected from in-
spection of past trends plus informed
estimates of crop production special-
ists. For the 15 ineluded erops or crop
groups, projected yield increases over
1961-65 bhase period were greater than
projected-share production projections
for nine of these groups.

Harvested acreage for included com-
modities is estimated at 5.7 million
acres for the constant-share model and
5.9 million acres for the projected-share
model. These levels are above that for
the 1961-65 model (5.4 million aecres)
but helow that for actual 1961-65 (6.0
million aeres), On the other hand, irri-
gated acreage requirements are greater
than either the actual or model 196165
usage. The regional distribution of har-
vested acreage in the comstant share
1980 model more nearly approximates
that of actual 1961-65 than wag indi-
cated in Model 1961-65 locations.

The difference in the value of pro-
duction due to the generally higher de-
mand specification in Model B is $108,-
000 higher than for Model A. Similarly,
the value of production for these in-
cluded commodities is considerably
higher than for the 1961-65 period. For
example, the projected-share model
value is 49 per cent above the 1961-65
model value. Some of this increase is
due to higher imputed land rents as
production iy relocated because of
urban expansion, which according to
the conservative projection of urban use

will require an additional 818,200 acres
of the land with moderate to high agri-
cwltural potential by 1980.

Land and cost saving by production
of a least-cost feed grain mix, Results
obtained in the imputed prices to the
individual feed grains in Model B led
to a reformulation that would assure a
more realistic relationship between
prices and relative feeding values of
these grains, The basic assumption is
that feeders would adjust their rations

to a least-cost mix, and thus relative

prices would be equal to relative feed-
ing values. This is accomplished by con-
verting yields of harley and sorghum
grains to corm-equivalent feeding
values, and allowing the model to select
the least-cost production mix of these
grains. This specification results in a
reduction of harvested acreage of 30,-
000 acres. However, the introduction
of irrigated double-cropping produc-
tion of barley and sorghum graing as
the major grain production source re-
sults in reductions in both the irrigated
acreage and total-land required for
production of the ‘included crops of
over 500,000 acres. The total water re-
quirements for Model 1980C equal
26.21 million acre-feet as compared with
the base period actual of 23.6 million
acre-feat.

West Side 8an Joaquin Valley water
pricing. Mostly because of high water
costs on the West Side, only a portion
of the acreage is estimated in the 1980
models for production of cotton and
melons. Prior to 1968 the area was irri-
gated almost exclusively by deep wells,
but since 1968 the California Aquednet
has been supplying some water to the
West Side. With currently estimated
costs of water, demand levels, and crop
alternatives considered in- this study,
less than 800,000 acres of production
are included in the model solutions.
This analysis explores the effect of re-
duced water costs on the eropping pat-
tern on the West Side, using Model C
as the hasis of comparison.
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There are approximately 1 million
acres of land in homogeneous produc-
tion areas 0362 and 0363 on the West
Side. The analysis specifies decreases
in water costs for each area at $2 in-
crements (equivalent to $2.706 de-
ereases in the 1980 nonland produetion
costs). The initial water price is $14.70
per acre-foot for area 0362 and $19.36
per acre-foot for area 0363. Tt is not
until the 1965 water price declines by
$12 per acre-foot that all of the net
acreage of these regions: enters the
model solution. However, all of region
0362 acreage, 504,000 acres, is brought
into production with a $6 decrease. In
addition, 163,000 acres of region 0363
is brought into the solution with this
decrease, With only a $4 price decline,
a combined total of 413,000 acres is
brought into production. Hence, the
marginal cost of water to the farmer
would have to be reduced between $4
and $6 to bring the 14 million acres of
land into production for which water is
planned to be available in 1980.

Alternative levels of urban expan-
sion. There are several estimates of the
use of land for nonagricultural pur-
poses, hboth for the hase period and for
1980, that unfortunately differ signifi-
cantly as to definition and magnitude.
For the State urban land use, our base
period estimate is 2.0 million acres, and
our conservative 1980 estimate iz 3.0
million acres. Adding our estimate of
public land use in the 95 homogeneous
production areas of 0.8 million acres

gives a base period total of 2.8 million,
and a 1980 total of 3.8 million acres.

A much higher 1980 urban estimate
of 5.4 million acres recently has been
given by the County Conservation
Needs Committees and is the basis for
our high urban expansion estimate for
the production areas. Actually, their
estimate for urban acreage in 1967 is
3.4 million acres whieh is considerahly
higher than our estimate or that of the
California Department of Water Re-
sources. For this analysis, the Conser-
vation Needs Committees’ estimates
are adjusted for nrban expansion in
nonagrieultural areas, and are allo-
cated to our production regions.

‘With more than 1 million fewer acres
available for crop production, more
than 300,000 acres of crops shift from
production areas in which the higher -
urban land projections further restricts
production to land which was not
cropped under the Model 1980C condi-
tions. Total land required for included
crops is 24,000 acres higher; the pro-
duetivity of this land is about 8 per
cent lower; nonland costs are $10.6 mil-
lion (0.8 per cent) higher; total.value
of production, or the cost to consumers
under perfect competition, is $19.8 mil-
lion (1.3 per cent) higher; and aggre-
gate rents to the fixed resources used
in production are $9.2 million (6.4 per
cent higher). Even if these estimates of
urban use are high for 1980, they may
well be applicable for the not toe dis-
tant future.
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SCALE:

Fig. A-1. Region 1—North Coast. The four-digit numbers designate the HPAs. The first two
digits refer to the soil, the last two digits to the climate.
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Fig. A-2. Region 2—Central Coast. See legend to figure A-1.
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Fig. A-3. Region 3—South Coast. See legend to figure A-1,
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Fig. A-4. Region 4—Sscramento Valley. See legend to figure A-1.
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Fig. A-5. Region 5—8an Joaquin Delta. See logend to figure A-1.
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Fig. A-6. Region 6—S8an Joaquin Valley. See legend to figure A-1.
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Fig. A-7. Region 7—Southern California Desert. See legend to figure A-1,
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TasLe B-1
ACREAGE IN MAJOR LAND USES IN CALIFORNIA BY HOMOGENEQUS PRODUCTION AREA (HPA), 1964 AND
PROJECTED 1980*

Base period 1980
HPA Total . Gross . Orchard S Net " . Orchard Net
acreage Urban Public pereage i- and acreage Additional Gross Semi- and acreage
land, iand, for agri- | agricultural | excluded for Isnd for acreago for | agricultural | exzeluded far

1984 1064 culture, land use | vegetable | included | urhan use | sgriculture | land usc | vegelable | included

1964 crops crops crops erope

1,000 acres

i2z2.0 6.3 4.8 110.9 11.3 a 98.6 0.7 110.2 1.0 1] 9.2
7.0 3.3 4.3 69.4 7.0 27.6 34.8 21 67.4 8.7 0.5 30.2
9.3 850.9 0.1 39.4 3.0 6.6 28.9 15.0 24.3 2.4 7.3 14.6
173.4 66.9 11.4 95.1 9.5 35.2 50.4 3.4 6.7 8.1 3.0 16.68
2.3 132:.1 2.5 166.7 16.7 63.4 80.0 24.8 141.9 14.1 70.2 7.6
41.2 5.7 0.1 35.5 3.6 21.8 10.3 5.8 29.7 3.0 23.9 2.8
12.1 1.9 0 10.2 1.0 2.0 7.2 1.1 9.1 B 2.3 5.9
274.5 166.9 2.6 105.1 10.5 30.4 58,2 56.3 48.8 4.9 42.0 1.9
2.8 158.3 0 66.5 6.6 4.8 85,1 48.1 18.4 1.8 8.3 1.3
475.3 192.5 0 282.8 28.3 72,3 182.2 70.9 211.9 21.1 81.8 106.0
007.8 28.5 10.8 670.5 56.9 178.9 334.7 15.1 355.4 55.3 195.1 302.0
137.1 7.2 2.0 127.8 13.0 23.0 01.8 3.6 124.2 12.4 25.5 88.3
489.5 1.3 12, 415.8 41.2 167.1 207.6 25.3 3%0.8 38,9 185.0 166.7
213.8 5.8 4.9 202.9 2.5 94.0 88.4 1.8 201.3 20.0 104.1 77.2
2119 12.3 8.7 190.9 19.1 03.2 78.6 6.1 184.8 18.4 103.2 63.2
221.% 1L.8 2.5 2076 20.7 100.8 7w 6.5 201.1 20.0 121.0 59.5
7%.0 0.5 8.9 0.8 4.0 4 4.0 0.2 60.4 6.0 0 54.4
8.6 1.5 4.4 15.7 7.6 18.5 49.6 0.6 78.1 7.5 205 41
211.0 1.1 4.4 205.0 20.6 0 185.0 0.1 205.8 20.5 ¢ 185.0
41.5 3.0 7.8 a0.8 3.1 3.8 23.9 2.6 28.1 2.8 4.2 21.1
160.1 16.7 2.7 140.6 14.1 23.3 103.2 - 9.5 131.2 13.1 28.8 92.3
9.8 2.3 4.5 92.4 9.3 21.9 55.2 1.4 91.1 2.1 30.9 51.1
5.5 L] 3.5 50.9 5.1 2.3 43.5 0 50.9 5.1 2.8 43.2
25.9 8.8 0 7.1 1.7 7.0 7.8 9.7 7.4 7 6.7 0
145.2 %4 { 130.8 13.1 50.5 61.2 1L.5 1183 1.9 82.6 #.8
259 50 3.7 7.2 7 1,3 §.0 7.2 0 ¢ 0 0
%0.0 6.6 0.8 82.5 8.3 2.1 2.1 1.7 80.8 8.0 4.5 48.3
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TasLe B-1 continued

Base period R \ 1980
HPA Total . Gross . Orchard Net . . Orchard Net
nerenge Usban Public ACTeage Semi- and acreage Additional Gross Semi- and acreage
land, land, for agri- ngricultural |  exeluded or land for acreage for | agricultural | excluded for
1954 1964 culture, nd use vegetable included .urban use | agriculture land use vegetable included
1964 crops crops crops erops
1,000 acres

1462............ “ 314.0 4.3 5.2 34.5 30.5 2 273.8 2.4 302.1 . 30.1 .3 7.7
) 2.7, DO 14.0 0.2 0.4 13.4 1.4 0 12.0 0 13.4 1.3 0 12,1
1861, ...t 137.0 0 8.9 128.1 12.8 [i} 115.3 0 128.1 12.8 0 115.3
1562, .......000 e 678.0 9.6 11.9 656.5 65.8 .1 590.6 5.1 651.3 4.9 .1 586.3
572,000 104.0 0 22,0 B2.0 8.2 R 72.9 0 82,0 8.2 1.0 72.8
2111, 35.0 2.8 2.8 29.3 2.9 1.7 .7 0.3 29.1 2.9 1.9 24,3
2121, ... 93.7 10.1 5.8 76.8 7.7 | 2.5 66.0 4.1 72.7 7.2 2.7 62.8
2122.....ieann 196.2 10.5 25.7 160.0 16.0 2.7 141.3 4.5 155.5 15.5 2.9 137.1
2123, 21.6 0 0 21.6 2.2 .8 18.8 0 21.6 2.2 .9 18.5
2124 157.8 0 3.1 154.7 15.5 1.2 138.0 0 154.7 15.4 1.3 138.0
231, 38.3 0 0 38.3 3.8 .5 34.0 0 38.3 3.8 R 34.0
2132.....000iies 342 22.0 0 12.1 1.2 1.6 9.3 7.8 4.4 4 1.7 2.3
P2 & - N 100.3 81.6 0 18.7 1.9 1 16.7 18.7 0 0 0 9
2134, ...l 332.5 49,2 0.1 283.2 28.3 26.2 228.7 3.4 249.9 24.9 25.1 195.9
2141 . 134.8 0.7 2.9 131.2 13.2 2.7 115.3 0.2 131.0 13.0 3.0 115.0
2142....0eennn .l 345.2 - 2.6 6.5 336.2 33.7 16.6 285.9 0.6 335.6 33.4 18.4 283.8
1 1) SRR 15.0 0 0 15.0 1.5 0 13.5 (] 15.0 1.5 0 13.5
1 89.5 0 2.9 86.7 8.7 0 78.0 0 86.7 8.6 0 78.1
2223, ... 51.0 0 [i} 51.0 5.1 A 45.8 0 51.0 5.1 1 45.8
2232, 0000t 62.7 21.3 0 41.4 4.1 6.2 31.1 8.2 33.2 3.3 7.1 22.8
2233...... e 15.3 0.8 0 5.5 .6 0 4.9 4.1 1.4 0.1 0 1.3
2251.....iiiins 2.0 0.5 [i] 8.5 .9 2 7.4 0.4 8.2 .8 2 7.2
2262, .., 12.6 0 6.3 12.3 1.2 0 1.1 0 12.3 1.2 . 0 11,1
2283......iiiet 429.4 6.1 7.6 415.7 41.6 9.5 364.6 6:9 408.8 40.7 10.5 357.8
53 ) SN 31.0 3.5 1.5 26.0 2.6 0 23.4 0.1 25.9 2.8 0 23.3
2312, ...l 20.0 0 1.0 14.0 1.9 0 17.1 0 19.0 1.9 0 17.1
2321, ... 24.0 0.7 1.3 2.0 2.2 .3 19.5 0.3 21,7 2.2 . .3 19.2
577 5.0 1.5 0 3.5 3 0 3.2 0.9 2.6 .3 0 2.3
2823, 127.2 18.2 3.4 105.0 10.6 0 05.0 8.9 96.7 9.6 0 B7.1
2330 ..l 45.1 14,0 6.3 24.8 2.5 0 22.3 12.1 12.7 1.3 0 11.4

99.0 30.8 7.3 51.9 52 | 8.0 38.7 33.4 18.5 1.8 8.8 7.9
3.2 1.4 0 1.8 .2 .2 1.4 1.7 0.1 0 ‘o "o
10.8 0.2 5.0 5.6 6 0 5.0 0 5.6 K 0 5.0
21.0 0.7 0 20.3 2.9 0 18.3 0.9 19.5 1.9 0 17.6
120.0 1.2 3.3 115.5 11.0 1.0 102.9 0.8 114.6 11.4 1.1 102.1
07.8 8.1 0.8 88.9 8.9 3 70.7 3.9 85.0 8.5 3 w2
21.5 0 1.0 20.5 2.0 [} 18.5 0 20.5 2.0 0 18.5
15.0 0 0.1 14.9 1.6 0 13.4 0 14.0 1.5 0 13.4
614.8 1.4 58.3 554.9 55.5 .8 498.5 0.2 554,7 55.1 8 408.8
118.0 32.0 14.0 71.4 7.1 0 04.3 20.0 51.3 5.1 0 46.2
187.2 3.4 6.1 171.7 17.8 0 159.9 1.4 176.2 17.8 0 158.6
271.1 10.6 24,2 2a7.2 22.8 1:5 202.9 8.8 218.5 218 | 1.7 195.0
548.7 54.9 11.4 482.4 8.2 5 433.7 22.1 460.3 45.8 5 414.0
43.9 4.8 0.8 38.4 3.8 0 34.6 2.0 36.4 3.8 0 3.8
49.1 3.2 1.8 4.1 4.5 0 3.6 1.0 43.1 4.3 0 38.8
787.3 16.1 15.8 755.3 75.6 12.8 667.1 10.2 745.1 74.2 14.0 656.9
92.2 0 0" 92.2 9.2 ¢ 83.0 0 92.2 9.2 ) §3.0
19,624.9 1,616.2 803.8 17,205.8 1,722.5 1,673.5 | 13,809.8 732.1 16,473.7 1,640.5 1,853.0 | 12,980.2
4403 185.6
2,064.5 917.7

* For purposes of analysis, the number of homogeneous production areas was reduced from 115 to 95 because 20 HPAs had only small acreages. The following groupings were

e

Primary HPA HPA included with primary HPA Primary HPA HPA included with primary HPA
0224 0124 1232 1233
0132 0131, 0133, 0231, 0531 2563 2262
0134 0234 2192 2399 .
0251 st 2134 2334

2232

1223 122 2973 §},§§’ 2135, 2235, 3837, 2835, 2432

t Computed from unrounded data.
iInclu§es all areas in the State outside the HPAs.
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TasLE B-2
IRRIGATED ACREAGE RESTRAINTS

Maximum acreage
HPA irrigable by avail-
able water supplies

1,000 acres

19
v
85
20
142
67

TasLe B-3
ROTATION RESTRAINTS
Rotation restraint
Crop activity as proportion of
net model acreage
Vegetable crops:

ABDATBFUS. o\ e vvvrnenrncnne ety 1.00
Broecali {single crop) 1.00
Broceoli—fall or spring lettuce

{double erop). ... «ocevneerniiine, 1.00
Lettuce, fall or spring (single crop). 1.00
Lettuese, fall orspring (double erop). 1.00
Lettuce, fall or spring and sammer

(double crop). ..vvvviiiiininnaa, 1.00
Lettuce, pummer (single erop)...... ©1.00
Lettuce, winter (double erop). ..... 1.00
Cantaloupes, fell or rpring......... 1.00
Cantaloupes, BUMIBET, ... ... ..... 1.00
Potatoes.....cooviiviiieniiviccens 50
Tomatoes, processing. ............. o7

3 Field crops:

[0 - /TP R 80
Barley (fallow)........cvvvvninee, 1.00
Barley (nonirrigated).............. .70
Barley (irrigated, single crop)...... .70
Barley—grain sorghum (irrigated,

double erop). ... coiiiiiineiininn .50
Grain sorghum (single crop)........ .80
Alfalfa hay .80
Dry beans. .33
Rice....... 1.00
Safflower... .50
Sugar beets ) .33
(87477 75} | T 33
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TasLE B-4
LINEAR PROGRAMMING MINIMUM DEMAND RESTRAINTS

Crop Representative commodity 119}%?35,51* %ggg ﬁgg]e?’l %gg&l
1,000 tons
Yegetable crops:
Asparagus Same 95 100 100 100
Cole erops: Broceoli 151 179 221 221
Broceoli
Brussels sprouts
Cauliflower
Lettuce: .
Spring and fall Same 388 644 544 544
Summer Same 388 518 518 518
Winter Bame 388 547 547 547

Melons, spring and {all: Cantaloupes, spring and fall 99 100 100 100
Cantaloupes, spring and fall .
Honeydew melons, spring
Watermelons, spring

Melons, summer: Cantaloupes, summer 397 398 398 308
Cantaloupes, summer
Honaydew melons, summer
Watermelons, summer

" Potatoes: Same 1,139 1,336 1,336 1,388

Russet burbank Same 140 175 175 176

Tomatoes, fresh and processing Tomatoes, processing 3,333 4,917 5,127 5,127
Field crops:

Feed grains: Corn for grain NA NA NA 3,958
Corn Corn for grain 405 620 §76 0
Sraall grains: Barley 2,258 3,418 2,931 420t

Barley
Oats
Wheat
Sorghurns Sorghums for grain 532 769 483 0

Alfalfa hay and seed Alfalfa hey 6,887 8,002 7,600 | 7,508

Dry beans Same 157 203 176 176
Baby lims, kidney, blackeye, and pink | Same 86 110 95 95

Rice Same 764 934 934 934

Bafflower seed - Same 257 678 880 880

Sugar beets Seme 5,866 7,501 7,802 7,892

1,000 bales

Cothom. ..ot een Same 1,753 1,648 2,771 3,711

* Bource: Californie Crop and Livestock Reporting Service (1967s and 1968).
t Projected output of wheat in barley units.



APPENDIX C

STUDY CROP ACREAGE, ACTUAL AND
ESTIMATED MODEL REQUIREMENTS

TasLe C-1
HARVESTED STUDY CROP ACREAGE IN BASE PERIOD, 1961-65, ACTUAL
REQUIREMENTS
Region
Crop group Coastal Central Valley Desert Mountain State
1 2 3 4 3 6 7 8 9
1,000 acres
Vegetable crops:
Asparagus.......... 0 3 0 1 53 1 6 0 0 64
Cole crops 0 41 4 0 0 2 1 0 0 48.
Lettuce*. .. 0 59 6 0 4 4 43 0 0 116
Melons*............ 0 0 -2 3 5 47 16 0 0 73
Potatoes*.......... 0 13 11 0 5 57 0 0 15 101 -
Tomatoes. ......... 0 25 12 26 80 33 2 0 0 178
Field crops:

Corn..ovvvvnvennnn 1 4 4 13 58 956 2 3 0 180
Small grains*....... 3 104 110 301 199 744 118 203 91 1,871
Sorghums*......... 0 1 7 50 55 74 77 1 0 265
Alfalfa............. 2 19 31 114 151 624 259 24 52 1,278
Dry beans*. ....... 0 50 26 33 46 62 0 0 0 217
Rice........c..... 0 0 0 258 34 25 0 1 0 318
Safflower........... 0 0 0 83 39 137 1 1 0 261
Sugar beets. . ...... 0 14 5 40 76 75 60 18 0 286
Cotton............. 0 0 0 0 0 699 66 0 0 765
Total........... 6 333 218 922 805 2,679 649 249 158 6,019

* Alternative crop varieties, seasons, and- activities are not differentiated.
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Tasre C-2
HARVESTED STUDY CROP ACREAGE IN BASE PERIOD, 1961-65, ESTIMATED
MODEL REQUIREMENTS

Region
Crop group Coastal Central Valley Desert] Mountain State*
1 2 3 4 5 [ 7 8 9
1,000 acrss
Vegetable crops:
Asparagus 0] 42.8 0 0 0 0 [i] 1] 0 42.8
Cole crops... 0 40.5 Li] 0 0 2.4 0 0 0 42.9
Lettueet. . 0 7.6 0 0 0 0 40.2 [i] 0 114.8
Melonst. . 0 0 0 0 0 47.1 15.8 0 0 62,9
Potatoest. 0| 54.8 0 0 10.0 15.8 0 0 14.7 95.1
TOMALORS. -t srreernaenraoanrsen 0| 715 0] 19.0 78.3 0 0 0 0 168.8
Field crops:

(9165 5.+ VN 7.0 10.0 4] 29.0 110.7 0 0 0 0 156.7
Small grainst. 0 17.0 0 182.3 300.5 479.0 | 108.8 | 90.0 | 266.0 | 1,418.6
Sorghumst. ... 0 a 0 0 232.5 0 0 0 0 232.5
Alfalfa..... 28.0.| 18.0 0] 34L.0 387.5 383.2 @) 57.0 97.21,250.8
Dry beanst. 0| 79.4 0 3.0 20.0 58.8 0 0 0 194.2
Rice......... 0 0 D 208.7 0 0 0 0 0 298.7
Safflower......ooviiviniiiiniiinan, 0 0 0 9 0 0 210.8 0 0 210.8
Sugarbeets............ooiiiiiil 0| 72.0] T2.0 0 [0} 96.4 0| 18.0 0 258.4
[072117%) N a 0 0 0 0 608.0 | 208.0 0 L] 812.0
Total® oo iinns 36.0 | 478.6 | 72.0 | 888.0 | 1,109.4 | 1,665.4 | 582.7 | 165.0  372.0  B5,369.0

* Computed from unrounded data.
t Alternative crop varieties, seasons, and activities are not differentinted. Activily acreage is converted to orop
acreage harvested,



106

N

Shumway, et al.: Regional Resourae use, 196165 and 1980

Tasre C-3

HARVESTED STUDY CROP ACREAGE IN BASE PERIOD, 1961-65, ESTIMATED

MODEL LESS ACTUAL REQUIREMENTS

Regicn
Crop group Coastal Centrs] Valey Desert Mountain State*
1 2 3 4 5 8 7 § 9
1,600 acres
Vegetable crops:

Asparagus g 3.8 0 ~1.0| —53.0 ~1.0 | —6.0 0 0] -21.2 °

Cole erops g, -0.5; -4.0 0 0 0.4 —-1.0 0 /] -5.1

Lettuea........... 0 15.6 .0 0 —4.0 ~4.0 2.8 Q 0 ~-1.2

g 0 -2.0 3.0 -58.0 0.1 -0.2 Q o] ~10,1

0 41.8  ~11.0 0 5.0 —41.4 4] 0 -0.3 —5.8

¢ 4.5 ~12.0| ~7.0} ~-L7 -33.0 | -2.0 0 0 -9.2

4.0 6.0 ~4.0 16.0 52,7 ~85.0 -2.0 ~3.0 0} —23.3

—3.0 | ~87.0 |~110.0 |~138.7 101.5 -—265.0 —8.2 |—113.0 169.0 | ~452.4

a, ~1.0| ~7.0| ~50.0| 177.5 ~74.0 | ~77.0 ~1.0 0 ~32.5

%0 -3.0| 31,0 2270 2085 | ~-260.8 -250.0 33.0 45.2 1 —18.1

0 29.4 | -26.0 5.0 [ -28.0 ~B5.2 . 0 0 0} -22.8

0 0 0 40,7 | -34.0 —25.0 0 1.0 01 —19.3

0 L] 0| -8.0|( 39,0 —137.0( 200.8} -1.0 0 —50.2

0 58.0 67.0 | ~40.0 | ~-76.0 21.4 | ~60.0 2.0 -0 -27.68

0 0 Q 0 0 ~§3.0 ] 140.0 [} 0 47.0

29.0 | 146.5 |~146.0 | —34.0 | 304.4 |-1,012.6 | -66.3 | —84.0 214.0 ~850.0

* Computed from unrounded data.
TasLe C-4

HARVESTED STUDY CROP ACREAGE IN BASE PERIOD, 1961-65, ESTIMATED
MODEL EXPRESSED AS A PERCENTAGE OF ACTUAL REQUIREMENTS

Region
Crop group Choastal Central Valley Desert Mountain State
1 2 3 4 8 i 7 |3 g
per cent
Vegetable cropas:
Asparagus........ 100.00 | 1,426.28 100.00 [N 1] ] 0 100,00 100.00 63,88
Cole erops....... 100,00 98,84 0| 100.00 | 100.00 ; 118.11 0 100.00 100,00 89.35
Lettuce. .. ...... 100.00 126.47 0 | 100.00 1] L] 93.52 100.00 100,60 08,99
Melons.......... 100.00 100.00 0 0} 0| 100.11 99.08 100.00 100.60 86.16
Potatoes. .. ..... 100.00 |- 421.16 0| 100.00 | 200.00 | 27.43 100.00 100. 00 88.33 a4.20
Tomatoes, ...... 100,00 285,87 0| 73.08 | 97.88 0 0 100,00 100,00 94.82
Field crops:

Cora.....ooo0s 700.00 250.00 0| 223.10 | 190.85 0 1] 0 104.00 87.05
Bmnall graine. ..., 0 10,35 0| 53,93 151.02 . 64.38 94.03 44.33 285,71 75.82
Borghums,..,...| 100.00 0 0 0| 422,85 0 0 0 100.00 §7.72
AMalfa.......... 1,400,00 84.21 0| 200.12 | 236.72 | B8.21 [ 237.50 187.02 - P8.74
Dry beans, ..... 100.00 158.75 0| 115,14 | 43.48 9L.61 100,00 100,00 101,00 89.48
Rice............. 100.00 100,40 100.00 | 115.76 0 0 106.00 0 100.00 93.92
Safflower........ 100.00 100.00 100,00 0 [t] 4| 21,081.97 0 100,00 80.77
Sugar beets. . .., 100.00 514,29 | 1,440.00 0 0 | 128.50 0 112.50 100.00 90.34
Cotton. ......... 100,00 100.00 100.00 | 100.00 | 100.06 = 86.70 312,12 100.00 100.00 106.14

Total........ 883,33 143.70 33.08 | '96.31 | 137.82 | 62.20 89,78 65.27 255. 4 89.20
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TasLe C-5
HARVESTED STUDY CROP ACREAGE, ESTIMATED MODEL 1980C
REQUIREMENTS
Region
Craop group Coastal Central Valley Desert| Mountain State*
1 ¥ 2 | 3 4 5 [ 7 8 9
1,000 acres
Vegetable erops:
ASParagUS. .ot v cvaaase 0} 40.8 Q Q 0 0 0 0 0 40.8
Cole CToPS. . oo cviviiiiieii i innan 0] 41.7 0 0 0 11.6 0 0 0 53.3
Lettucel. :voooiivvniiiiiiinniianan. 0 80.1 0 0 0 0 43.8 0 0 123.9
Melomet......oooovivviineiiiii. . 0 0 0 0 0 40.9 | 14.0 0] 0 54.9
Potatoest.....oovvenienn i, 0] 28.0 0 0 36.0 14.5 0 0] 14.3 92.8
Tomatoes. ....oovvvniniiniiiniiiians 0 0 0 57.2 110.0 0 0 0 0 187.2
Field crops:

Corn....... DN 0 0 0 0 0 0 0 0 0 0
Small grainst............. N 0 16.4 0! 199.7 266.9 296.1 0 0] 14.7 793.8
Sorghumsf........oooviiiinn 0 3.4 0 198.7 266.9 206.1 0 0 0 706.1
Alfalfa. oo oieiiii i 24,0} 16.0 0| 267.8 340.0 287.0 0| 81.3]208.01,204.1
Dry beanst.....c.cooviiiiiiiiiin.. 0 60.7 210 0 49.0 62.2 0 0 0 182.9
Rice........... TSN 0 0 0 | 268.4 0 o ] 0 0 268.4
Baflower.. ..vovviiiiiina 0 0 0 0 0 271.6 | 240.0 0 0 511.6
Sugarbeets...........ooiieiian.., 0 111.0 32,0 0 §.0 1244 0| 38.0 0 811.4
(2] 7> T 0 0 0 0 0 954.3 | 202.0 0 0| 1,156.3
Total® ..o 24.0| 398,2 | 53.0 992.8 | 1,074.8 2,338.8 | 499.9| 119.3  327.0 | 5,827.8

* Computed from unrounded data. .
t Alternative crop varieties, seasons, and activities are not differentinted. Activity acreage is converted to crop
acreage harvested,
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TasLE C-6

HARVESTED STUDY CROP ACREAGE, ESTIMATED MODEL 1980C LESS BASE
PERIOD ACTUAL REQUIREMENTS

Region
Crop group Coastal Central Valley Desert, Mountain State*
» 1 2 3 4 5 6 7 8 9
1,000 acres
Vegetable crops:
ASDATAgUS......ocvriiniiaa 0 37.8 0| —1.0| —53.0| -1.0 —6.0 0 0 —23.2
0 0.7| —4.0 (1] ] 9.6 | —1.0 0 (1] 5.3
(1] 21.1| —6.0 0| —40| —4.0 0.8 0 (1] 7.9
] 0| —2.0| —=3.0| -50| —6.1| —2.0 0 0 —18.1
(1] 15.0 | ~11.0 (1] 31.0 | —42.5 0 0| —0.7 —-8.2
0] —25.0 —12.0 31.2 30.0 | —=33.0( -2.0 0 (1] —10.8
(0703 2 T —1.0| —40| —40| —13.0| —58.0| —95.0| —2.0| -3.0 0| -—180.0
Small grains.................... ~3.0 | —87.6 (—110.0 |—101.3 67.9 |—447.9 |—116.0 |—203.0 | —76.3 |—1,077.2
- Sorghums. . 0 24| —7.0| 149.7| 211.9 | 222.1 | =77.0( -—-1.0 ] 501.1
Alfalfa....... .| 22.0] —3.0| —31.0| 153.8 | 189.0 |—357.0 |—259.0 57.3 | 246.0 18.1
Dry beans. .. 0 10.8 | —5.0| —33.1 3.0 0.2 ] 0 0 —24.1
Rice...... 0 0 (1] 10.4 | —34.0 | —25.0 o ~1.0 0 —49.6
Safflower..... 0 ] 0| —83.0| —39.0| 134.6 | 239.0| -—1.0 0 250.6
Sugar beets. . 0 97.0 27.0 | —40.0 | —70.0 49.4 | —60.0 22.0 0 25.4
Cotton........oooviviivvinn 0 ] 0 0 0| 255.3 | 136.0 0 0 391.3
Total*......covviiiviiiiins 18.0 65.2 | —165.0 70.8 | 269.8 |—340.2 |—149.1 |—129.7 | 169.0 [ —191.2
* Computed from unrounded data.
- TaprLe C-7 s

HARVESTED STUDY CROP ACREAGE, ESTIMATED MODEL 1980C EXPRESSED-
AS A PERCENTAGE OF BASE PERIOD ACTUAL REQUIREMENTS

Region -
Crop group ‘Coastal Central Valley Desert Mountain State
1 2 3 4 5 6 7 8 9
per cent
Vegetable crops:
Asparagus................ ' 100.00 | 1,360.54 100.00 0 (1] 0 0 | 100.00 | 100.00 | 63.78
Colecrops................ 100.00 101.72 0 | 100.00 | 100.00 | 581.11 0 | 100.00 | 100.00 | 111.10
Lettuce............ccunn 100.00 135.75 0 | 100.00 0 0 101.98 | 100.00 | 100.00 | 106.85
Melons.........covvvennen 100.00 100.00 0 0 0| 87.10 87.50 | 100.00 | 100.00 | 75.26
Potatoes..............ue. 100.00 215.38 0 | 100.00 | 720.00 | 25.52 100.00 | 100.00 | 95.33 | 91.93
Tomatoes................ 100.00 0 0| 219.98 | 137.50 0 0 | 100.00 | 100.00 | 93.93
Field crops:

(605 ¢ | AN 0 0 (1] 0 0 0 0 | 100.00 (1]
Small grains. .. 15.77 0| 66.34 | 134.12 | 39.80 (1] 0| 16.15 | 42.43
Sorghums 340.00 0 | 399.37 | 485.27 | 400.14 0 0 | 100.00 | 289.09
Alfalfa................... 84.21 0| 234.92 | 225.17 | 42.79 0 | 338.91:| 573.08 | 101.42
Dry beans 121.51 | 80.77 0| 106.52 | 100.26 100.00 | 100.00 | 100.00 | 88.90
Rice......coovviiiiiiinnn 100.00 | 100.00 | 104.03 0 0 100.00 0 | 100.00 | 84.40
Safflower................. . 100.00 | 100.00 0 0 | 198.27 |24,000.00 0 | 100.00 | 196.03
Sugar beets.............. | 100.00 792.86 | 640.55 0 7.89 | 165.84 0 | 237.50 | 100.00 | 108.88
Cotton...........cvuien 100.00 100.00 | 100.00 | 100.00 | 100.00 | 136.53 306.06 | 100.00 | 100.00 | 151.15
Total................. 400.00 119.57 | 24.32 | 107.68 | 133.52 | 87.30 77.02 | 47.93 | 206.96 | 96.82
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HARVESTED STUDY CROP ACREAGE, ESTIMATED MODEL 1980C LESS MODEL
1961-66 REQUIREMENTS

Region
Crop group Coastal Central Valley Desert Mountain State
1 2 3 4" 5 6 7 8 9
1,000 acres

Vegetable crops:
Asparagus..........cocoieiinnn. 0 —2.0 0 0 0 0 0 ] 0 ~2.0
Colecrops............. 0 1.2 ] 0 0 9.3 0 0 ] 10.4
Lettuce......... 0 5.6 0 0 0 0 3.6 0 0 9.1
Melons .. 0 0 (1] 0 0| —61| —1.9 0 0| —8.0
Potatoes. .. ... 0| —26.8 (1] 0| 26.0| —-1.1 0 0| —-05| —2.3
Tomatoes. .............. e 0| —71.5 ] 38.2 31.7 ] 0 0 0| ~1.6

Field crops:
(0733 3 < VA —7.0| —10.0 0| —29.0 |—110.7 [1] (1] 0 0 (—156.7
Small grains. .. 0 -—0.6 0 37.4 | —33.6 |—182.9 [—-109.8 | —90.0 |—245.3 |—624.8
Sorghums. .. 0 3.4 0| 199.7 34.4 | 296.1 (1] 0 0| 533.6
Alfalfa...... -4.0 (1] 0| —73.2 | —17.5| —96.2 0 24.3 | 200.8 34.2
Dry beans..... 0| —18.6 21.0 | —38.0 29.0 5.4 0 0 o —1.3
Rice........... 0 0 0| —-30.3 (1] 0 0 (1] 0| —30.3
Saflower 0 (1] 0 1] 0| 27116 29.2 0 0| 300.8
Sugar beets. . 0 39.0 | —40.0 (1] 6.0 28.0 0 20.0 0 53.0
, Cotton. ..., 0 0 0 ] 0| 348.3 —4.0 0 0 3443
Total......ovvevvvieniennn. —11.0 | —80.4 | —190.0 | 104.8 | —34.6 | 672.4 | —82.8 | —45.7. | —45.0 [ 458.7
TasLe C-9

HARVESTED STUDY CROP ACREAGE, ESTIMATED}VIODEL 1980C EXPRESSED
AS A PERCENTAGE OF MODEL 1961-65 REQUIREMENTS

Region
Crop group Coastal Central Valley Desert Mountain State
1 2 3 4 5 6 7 8 9
per cent
Vegetable crops:
ASparagus.........coeeiiniinann 100.00 | 95.39 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 95.39
Cole crops. 100.00 | 102.91 | 100.00 | 100.00 | 100.00 | 492.05 | 100.00 | 100.00 | 100.00 | 124.35
Lettuce............... ... 100.00 | 107.34 | 100.00 | 100.00 | 100.00 | 100.00 | 109.05 | 100.00 | 100.00 | 107.94
Melons......o.ocovvniieniin.n. 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 87.01 | 88.33 | 100.00 | 100.00 | 87.34
Potatoes..............c.oounen. 100.00 | b51.14 | 100.00 | 100.00 | 360.00 | 93.02 | 100.00 | 100.00 | 96.95 | 97.59
Tomatoes. ........cocvvennnnnn. 100.00 0 | 100.00 | 301.03 | 140.48 | 100.00 | 100.00 | 100.00 | 100.00 | 99.06
Field crops:

[0 5 < F 0 0 | 100.00 0 0 | 100.00 | 100.00 | 100.00 | 100.00 (1]
Small graing.................... 100.00 | 96.47 | 100.00 | 123.01 | 88.81 | 61.82 [1] 0 5.65 | 55.95
Sorghums...........c..ovveenn. 100.00 @ 100.00 © 114.82 © 100.00 | 100.00 | 100.00 | 329.56
Alfalfa. ......ocoovvvviinnienn, 85.71 | 100.00 | 100.00 | 78.53 | 95.12 | 73.51 | 100.00 | 142.70 | 306.43 | 102.72
Drybeans...........covvevnnnn 100.00 | 76.54 © 0 | 245.00 | 109.44 | 100.00 | 100.00 | 100.00 | 99.36
Rice........oooviiiiiiiiiii, 100.00 | 100.00 | 100.00 | 89.86 | 100.00 | 100.00 | 100.00 | 100.00° 100.00 | 89.86
Safflower............c..coieis 100.00 | 100,00 | 100.00 | 100.00 | 100.00 © 113.84 | 100.00 | 100.00 | 242.68
Bugarbeets...............ooune 100.00 | 154,17 | 44.48 | 100.00 © 129.06 | 100.00 | 211.11 | 100.00 | 120.53
Cotton.......cccovivvvvvinnnn. 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 157.48 | 98.06 | 100.00 | 100.00 | 142.41
Total...ooovvnieineiennennn, 68.57 | 83.21 | 73.65 | 111.80 | 96.88 | 140.35 | 85.79 | 72.33 | 87.90 | 108.54
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Tasre C-10
STUDY CROFP LAND USE BY S8OIL CATEGORY, ESTIMATED MODEL 1980C
REQUIREMENTS
Soil
Crop activity Alluvial Basin Terrace | State*t
01 02 03 05 11 12 13. £ 15 21
1,000 acres
Vegetable erops: '
Agparagus. ............ 5.8 | 35.0 Q 0 1] 0 0 0 0 0 40.8
Broceoli (single crop). ... 11.6 0 0 0 0 0 0 0 0 0 11.6
Broceoli and fall or .
spring lettuce
(double ¢crop)........ 41,7 0 0 0 0 0 1] 0 0 Q 41.7
Lettuce, fall or spring
‘(single erop)......... 0 0 [ Q 0 0 0 0 0 0 0
Lettuce, fall and spring
(double erop)........ 0 [1} 0 0 0 0 0 0 0 0 0
Lettuee, fall or spring
and summer {(double |
[ 3595) JAPE N 0 0 0 0 0 0 0 0 0 0 0
Lettuce, summer
{aingle erop}......... 4.7 0 0 2.7 0 31.0 0 0 0 9 39.4
Lettuce, winter
(double crop)........ 0 0 21.9 0 0 0 0 0 0 0 21.9
Cantaloupes, fall or
753 21T SN 0 0 14.0 0 0 0 1] 0 0 0 14.0
Cantaloupes, summer . 0 0 40.9 0 0 0 0 0 0 0 40.9
Potatoes............... 0| 68.5 0 Q| 24.3 0 0 0 0 0 92.8
Tomatoes, processing. . .. 57.2 1] 0 0 | 110.0 0 [ 0 0 [ 167.2
Field crops: S
(0751 3 VN 0 0 0 0 0 0 0 0 0 0 0
Barley (fallow)........ 0| 28.0 0 o 0 0 0 0 0 0 26.0
Barley (nonirrigated}. . 0 0 0 0 0 0 1} 0 0 0 0
Barley (irrigated,
single erop).......... 0 0 13.0 0 1.7 0 0 a 0 0 14.7
Barley and grain
sorghum (irrigated, _
double erop)......... 50.0 | 14.0 0] 83.0]| 119.0 583.4 | 45.0 0 0 0 903.4
Grain sorghum (single
[2. 257 ) FU 0 0 0 0 0 0 0 0 0 0 0
Alfalfa hay............| 614.8 | 111.0 540 | 200 84.0 295.3 9.0.| 24.0 102.0 0 1,204.1
Dry beans............. 74.7 71.2 0| 4.0 Lig 3.0 0 0 0 0 192.9
Rioe........covvvunnnn 0 0 0 Q 0 218.4 | 53.0 0 0 0 268.4
Safflower.............. . 20.0 | 242.6 | 240.0 0 0 0 0 0 0 0 511.6
SBugar beets,........... 42.4 96.0 0 4.0 0 81.0 1 35.0 5.0 25.0 23.0 all.4
Cotton.........o.ccu.n ; 40,0  170.0 390.3 | 112.0 1] 248.0 105.0 90.0 0 0 lA,156.3
Total lsnd utilized, : ! ’
Modél 1980C optimalt. . 681.0 {.834.3 774.2 | 205.7 | 319.0 | 1,468.2  247.0  119.0 127.0 23.0 5,148.4
Residusl land, projected , : .
1980%. ... 306 122 1,610 114 0 455 232 182 661 1,085 7,757
" Net model acreage avail-
able, projected 1880%..... 1,377 956 2,384 380 319 1,913 479 30 788 1,108 12,0059

# In the optimal solution, no production is projected on soils 22-24.
1 Computed from unrounded data.

1 Includes acreage to be used for ]?astu.re and nopalialia hay.

{ Includes acreage of snils 22-24. Figure is from Appendix table B-1.
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STUDY CROP ACREAGE AND IMPUTED VALUE OF RESTRICTING VARIABLE
BY HPA, MODEL 1980C ESTIMATES

111

|

i
L. § | Restrictin Imputed rent to
HPA* Crop activity Acreage J variuble'fg restrieting variable
1,000 scres dollars per unit
’ Yegetable crops:
0123 Asparogus.. ..., 5.8 D —502.92
0223 € 35.0 L 41,43
0161 Broceoli (single orop, 11.6 D - 145.47
o121 Brocool and lettuce. . .. 10.4 L 34,60
a122 “ « = 4.0 L 61.25
0123 a e 17.7 n 70,00
0128 Lettuce (spring, single cropl. .. ... coovint 47 L 44.43
0522 ® # " e 2.7 D 88,26
1333 a @ “« Yo 31.6 L 30.75
0372 “  {winter, double crop) s 21.9 D ~85.38
302 Cantaloupes Bpringl.. . .c.oooovorrreeeen, 40.9 D —00.584
372 4 all). . oo 14.0 D —Q7.08
o Potatoes........ 7.0 L 20.53
0232 ° L 21.0 I 40.83
025t g 26,0 R .08
0262 LN 14.5 D ~58. 45
1151 “ 10.0 R 12.57
1151 “ 14.3 D -2 %21
0142 Tomatoes. ... 57.2 D —21.26
1151 e e 110.0 L 45.08
Field cropa:
o112 Alfalfa hay......oooviniiiiniiiiiiiea 24.0 R 11.67
0141 a o 237.9 R 8,44
0142 “ L DN 30.8 L 33.58
0151 “« 4 128.0 R .07
0161 ¢ a 83.0 R 1.15
0162 a s 21.0 L 32.5Q
0163 “ e e e 11.0 L 27,14
0181 « e 28.Q R .03
0191 “ e £82.0 R 8.03
0224 “ B e rtaia e 15.0 R 2,08
03251 @ L 53.9 L 40.24
0281 o “ 2.0 R 1.98
0391 = “ 5.0 R 10.40
0561 “ i e kei e 20.0 L 3.60
1181 L 64.0 R . L0
1251 L 176.0 L 21.47
128 “ e ey s 1.3 D -30,17
1201 “ vyt i 118.0 R 3.80
1351 “ e 9.0 L 5.47
1451 a « 7.0 R 20.89
1461 “ & 7.0 R 2.98
1551 8 & 10.9 R 21.80
1561 LR 2.0 R * 2.20
0224 Batloy (fallow). .. - 26,0 L 3.28
03a1 ¢ (irrigated, eingle crop}... 13.0 I 1.54
1191 @ v “ L 1.7 L 3.14
aa “  pod grain sorghum 8%.0 L 36.28
0224 & o # * 4.0 I 26.64
0251 * “ “ “ 10.0 L 23.92
0881 * a “ “ 59.0 R At
0862 “ “ “ 4 24.0 L .21
1151 = # & i 115.0 R 14.20
1241 “ “ “ hd 160.6 L 26.69
1251 * “ “ hd 175.0 R 9.18
1261 4 = @ a 29.0 L 27.48
1262 “ -4 # “ 188.8 D - 35,991
1351 & “ “ “ 10.0 R 7.18
1361 # & “ & 35.0 L 10.48
121 Dry bean 8.0 R 10.84
G123 = “ 9.8 D -181.97
0132 ® “ 7.0 R 6.24
11138 # “ 32.0 L M7
0162 “ “ a0 R 2.12
g # ® 7.0 R 6.07
0222 u “ 2.0 R 9.98
0232 @ “ i4.0 R 5.78
0251 “ " 17.0 R 11.54
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TasLe C-11 continued
. Restrietin, Imputed rent to
HPA® Crop activity Acreage va.ria.blei‘g restr?cting variable
1,000 acres dollars per unit
Field erops—continued
Dry beans—conlinued
0262 @ 4 3.2 D —13.16§
0263 8.0 L 13.00
0521 10.0 R 20.24
0522 4.0 R 34.78
0562 22.0 R 14.99
0563 8.0 R 16.20
1221 3.0 R 14,94
1241 215.4 D -~78.07
1341 53.0 L 24.69
0163 29.0 R 2.25
0262 217.6 D —~55.81
0263 25.0 R 3.00
0372 240.0 R 17.00
0123 19.0 R .08
0132 7.0 R 2¢.12
0134 3.0 D —14.48
0161 4.4 L 38,87
0181 9.0 L 25.74
0221 7.0 R 19.62
0222 2.0 R 22.18
0223 17.0 R 9.13
0232 14.0 R 32.68
0261 26.0 R 3.62
0281 16.0 L .5.74
0522 4.0 R 3.68 -
1221 3.0 R 36.89
1223 16.0 R 16.15
1231 3.0 R 13.41
1232 5.0 R 35.23
1281 28,0 R 9.23
1263 7.0 R 4.54
1281 10.0 R 12.13
1361 35.0 R 9.23
1451 4.0 L 2.93
1461 1.0 L 23.45
1351 2.0 L 2.93
1561 23.0 L 12.45
2122 23.0 R 1.48
0162 21.0 R 19,89
0163 19.0 R 24.73
0262 i54.0 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 B7.69
0561 39.0 R 12
0562 22.0 R 19.10
0563 8.0 R 19.30
0572 43.0 R 73.69
1281 28.0 R 38.99
[i%] 214.0 R 60.00
283 7.0 R 81.00
1361 35.0 R 38.99
1362 70.0 R 26.00
1462 90.0 R 13.30

* The first two digits identify the soil; the latter two, the climate.

D=

demand restraint in tons, except cotton in bales,

I = irriﬁat.ed acreage restraint in acres,

L = lan

restraint in acres,

R = rotation restraint in acres.

{ Margina]l cost of transferring production of one additionsal ton of potatoes to Region 1.
ginal cost per ton corn equivalent of feed grains.

& Marginal cost of transferring production of one additional ton of dry beans to the Central Valley.
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HARVESTED STUDY CROP ACREAGE, ESTIMATED 1980 REQUIREMENTS
WITH HIGHER RATE OF URBEAN EXPANSION

Region
Crop group Coastal Central Velley Desert Mountain State*
1 2 3 4 5 6 7 8 9
1,000 acres
Vegetable crops:
Asparagus 0 40.8 0 0 0 0 0 0 40.8
Cole crops. .. 0 39.0 0 0 0 15.1 0 0 0 54,1
Lattucef. . . 0 79.1 0 0 0 0 43.8 0 0 122.9
Melonat. .. 0 0 0 0 0 0 14.0 1] 0 54.9
Potatoesf........ 0 4] 0 1} 0 49.2 0 0 14.3 93.5
Tomatoes. ....... 0 0 0 85.8 99.7 0 0 0 0 185.6
Field crops

Corf....ovovueise 0 0 0 0 0 0 0 (1] 0 0
Small grainst..... 0 13.0 0 | 187.0 256.2 380.0 0 0 0 B15.2
Sorghumst. .. 0 0 0 167.0 256.2 380.0 0 0 0 803.2
Alfalfa....... 19.0 20.0 0 254.0 291.6 282.9 0 120.9 347.0 1,335.3
Dry beanst .8 68.2 12.0 15.1 35.0 62.8 1] 0 0 104.0
Rice...... 0 0 0 268.4 0 0 1] 0 0 268.4
Safflower. . 0 0 0 0 9.3 263.0 240.0 0 0 512,3
Sugar beet.s 0 102.0 18.0 0 6.0 143.0 0 7.1 0 318.1
Cotton 0 0 0 0 0 143.8 200.0 0 0 1,143.8
Total®........ 19.9 367.1 30.0 937.2 984.0 2,560.8 497.8 168.0 361.3 5,821.1

* Computed from unrounded data.
t Alternative crop varieties, seasons, and activities are not differentiated. Activity acreage is converted to crop
acreage harvested.
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