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PREFACE

The farmer, the businessman, the banker, cannot escape “predicting.”
Whether his method of doing so is conscious or unconscious, formal or
informal, simple or complex, prediction to some degree is an inevitable
part of planning ahead. Public policymakers, too, must predict as
best they can what farmrers as a group will do in response 1o changes in
such things as prices, technology, and Government programs.

An important aim of research in agricultural economics is to assist
in this critical endeavor. OF course, wredicting what farmers will do,
in the real world, can be a very frustrating task. Dut our research
18 quite incomplete il it contributes only to a better understanding of
the past or provides only a picture of how the economy might look under
many simpliflying assumptions about buman and institutional behavior.

This study represents an attempt to go beyond explanation and toward
prediction of economic phenomena.  Yet the attempt is fuirly modest and
reemphasizes that useful predictions require much more in the way of
theory, mcthodology, and data than has yet been developed.

The particular methodology we have used owes much to Richard H.
Day, University of Wisconsin, formerly of the U.S. Department of
Agriculture. Flis rescarch on the development and application of re-
cursive programing for predicting farmers’ production response laid much
of the groundwork for this study. Thanks are due to others in the
Departmeant of Agriculture, especially to Glen T. Barton, who arranged
and supported the study, and to Frederick V. Waugh. and Walter R.
Butcher (now with Washington State University) who suggested im.
provements in the manuscript.  Douglas D. Caton and M. L. Upchurch
atso contributed to the planning stage. Harold (). Carter. University of
California, assisted in the development of the study.

A number of people in Cualifornia contributed their knowledge of
the study area {Fresno County) and special data.  Among them we wish
to thank eslie K. Stromberg. Farm Advisor, Fresno County; Roy Haley
and Louis R. Mitchell, Calilornia Stute Department of Water Resources:
A. Doyle Reed and Philip 8. Parsons, Extension Economists. University
of Culifornia; and Edward J. Griffith. Pacific Cas and Fleetrie Company.
The use made of the ussistance rom all of these people is of course the
sole respoosibility of the authors.

April 1965
ii




Summary and conclusions
Intreduction
Alternative methods of production
responae research
Linear programing
Regression analysis
Recursive programing (RP). ...
Flexibility resteaints
Technologiesl  capacity
straints
Phyaicul resource restreinis. ..
The winpirical problem, models, and

The problem
The RP model of Fresno County
crop production
The activities
The restraints
Representation of Governmeot
progruns
The RP modet in matrix forto .
The regression odels of Fresno
County vrop production
Deseription of mode] testy, .. ..
The Explanatory Test (1951-
58) -
The Predictive Test (145961,
The Projection Test (1960-05),
Results of Explunatory Test
{1951-58)
Cotton

Alfulfa hay
Wheat
Alfalfn secd

Sugarheets

Gruin sorghum
Fiell corn. ..

Dey beans.. ..
Irrignted pusture
Conelusions based on the Explan-
atory Test
Results of the Predictive Teat
{1951-61)

-1 2o oo

L =I -

9
9

il
13
14

i6
17

21

Contents

Participation in the Cotton
Plan A-B Program
Participation in  the
Grain Program
Conclusions based on the Predic-
tive Tueat
Results of the Projection Test
{1960-03)
Projections made using the
P madel

Comparative accuracy of esti-
mates for 1960
Cotton supply functions. .. ...
Conelusions buased on the Pro-
jection Test
Suggestions for fulttre research, . . .
Improvement of farm type rep-
resentation
Research or the decision-making
with emphasis on
[armers' expectations
Linprovement of flexibility re-
straints
Duta requirements. . . ..., ., ..
Litersture cited and selected ref.
L£LCTICes
Appendix
Part  A: Estimation of mput-
vutput coefficients and ac-
tivity returns,...........

process,

[uputs and costs
Expected yields
Expected prices and net re.
TUERS. . ... e
Part B: Estimation of restruints.
Aggrepate land and soil type
restrainis
Treigation witer restrainis. ...
Cotton  machine-picking  ca-
pacity
Flexibility restrainta
Special  cotton
straints

ueregge




WL Y e

& o~ & n

1l

12,
13.

14,
15,

16.
17.
18,
19.
20.
21.
22,
23

10.

. Regression equutions used for Explanatory Test, 1951-58
. Actus] cotton yields per acre compured to RP model eatintates, 1951-58, . .
. Effective Fresno County ucreage bounds, Explanutory Test
. Percentage deviation of “predicted” from “actux]” crop uacreage and

- Regression equations used to forecast 1960 acres
. Repression equations used to forecust 1961 ucres

Tables

. Total gnnual production snd August 1 carryover of U.S. corton, 1953-63. .
. Cotton production in Western States, and 1.8, totals, 1953-63
- Recursive progranting matrix, Fresno County, Calif
. Percentage devistion of “explained” from “setusl” crop screage end

production, Fresno County, 19531-58..................... .. ... ...,

production, Fresno County, 1959-61... .. ... ... .. ... ... .......

Cotton acreage and production forecasts for 195% and 1960 using atter-

native COLLON Price eXPeClalions. . .. .v ot ittt iuee e e aaan,
Changes in medel securacy using higher cotton prices...................
Actual and RP model forecasts of participation in the 1961 Feed Grain

Program, L e
BP nnd regression estiznates of cotton acreage, 1961-65......... ... . ...
The relative accuracy of 1960 acresge estimates using 1958 end 1959 as

Irrigation water: Inputs per acve wsed in RP model. .. ... .. ..., .. ...
Fertilizer: Inputs per ucre used in RPumodel., .. ... .. ... ... ...,
Expected yields per acre, selected years, used in both modela
Expected prices used inbothmodels. ..., .. ... ... o o o L.
Lend and sofl type vestraints {aeres}. .. ... ..ot e
rrigation water r@elLAiDIa. ., o .. ir i e e a e
Restrainte on mechanical cotton picking. . ... ... o il
Flexibility restrainmta. .. ..ot in i rats it e raeiatea i ceaan i iananaas

Figures

. California map showing cofion preducing counties of the San Joaquin

38 P
Land-uge patterns, Fresno County, Calil........... ... .0 0.

. Graphic comparison of P and regression results, Explunatory Test.. ... ..
. Graphic comparison of RP and regression results, Predictive Test .. .., ..
- Cotton acrenge forecasts, 1959 and 1960, using abiernutive cotton price

EXPEULLIONG, | . C iy L e e ey

. Projecied R¥ nercuge puths, selected crops (1938 base). ... ..o L oL
. Projected RP svreaze paths, selected crops (1959 base). ... .o ovut ...
. Graphie comparison of R and regression results, Projection Fest. ... ...
- Stepped screage [unctions for cotton, Series 1o oo i

Srepped acreage functions for eotion, Series 2., ..o i

Page

51
51

61

62
T4
76
8
82

94

Pogu

12
26
L%3

14
n4
5]
56

63



http:production.in

SUMMARY AND CONCLUSIONS

The problem of production imbalance in U.S. agriculture continues to
underscore the need for policy-oriented research. We especially need
improved techniques of predicting changes in the aggrepute production of
major furm commoditics to detect emerging maladjustments and 1o
appruise the effects of alternative policies or programs,

The primary objective of this study is to evaluzte the characteristics
and performance of a relatively new predietive technique called recursive
progruming (abbreviated RP). The RP “model” employs linear pro-
graming to generate a scries of year-to-year adjustmuents.  The recursive
feature of the RP model is that it can be used to estimate these changes
sequentially over time—bused on data for preceding years—and thus to
predict output and prices severat years in advance.

The conventional linear programing technique indicates the adjust-
ments that would maximize farm income.  The particular model we have
used includes “Hexibility restraints,” that is, upper and lower bounds on
year-lo-year changes in crop acreages, and “technological capacity™
restraints, limits on the expansion of different technologies. These
additional restraints add a predictive quality to the conventional pro-
graming model.*

To evaluate the RP technique, a recursive programing model was
applied to the problem of explaining and predicting changes in the pro-
duction of cotton and 11 alternative crops in Fresno County, Calif.
Results were compared with actual outcomes and with estimates obtained
by using separate regression equations for individual crops.

The Fresno model includes up to 98 activities representing different
ways of pruducing crops (and Government program alternatives), and
up to 76 restraints defined for land, irrigation water, mechanical cotton
picking capacity, Government programs, and crop flexibility.

The analysis includes three different tests: An Explanatory Test for
105138, so called because year-to-year changes are estimated using
information for the entire period: a Predietive Test for 1959-61, in which
the estimates for cach year are buased on actual data through the preceding

*In muthemutical terminology, o “restraint™ or “bound™ represents 2 limit on a
variable.  As an opper limit, & restruint represents the maximum quantity of any
resource available to farmers for their use in planning, organizing, and operuling
their farms.  Thus the amoun of eapital @ farmer has 10 work with, and the amount
of irrigation water allotted (0 him, are restraints.  An example ol a restraint as @
lower limit would be the growing of & minimum nereage of o given crop as part of a
ralation system even thongh that crop might aot, in itself, be as profitable us others.
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year only; and a Projection Test in which the recursive, year-to-year
estimating procedure is extended through 1963, using the solution for the
preceding year as a point of departure for each new problem.

The comparative regression equations for individual crops have

relatively high R* values, and in comparison the results of the RP model
are generally less accurate. The Explanatory Test shows that the RP
mode] tends to gverestimate relatively smail changes in acreage, although
it may be more effective than regression when substantial changes in
structure occur—such as the introduction of a new Government program.
Production results (estimated acres times expected yields) are somewhat
lese accurate than the acreage results for both techniques, due in part
to unexplained yield-affecting variables.

The major advantages of the RP model over regression are us follows:

1. The RP solutions indicate why certain changes oeccur. This is
because the model goes back to basic production relationships and the
interplay of crop returns and restraints.

2. The RP model provides estunates of any crop defined 2s an activity
regardless of whether the crop is controlled or operates in a free market.
Regression resuits, based on a continuation of previous conditions, have
limited use except for estimating production of uncontrolied crops.

Results of the Predictive Test, & truer test of forecasting ability, show
the RP model gaining in relative aceuracy but still somewhat less aceu-
rate than regression. An important cause of predictive error for the RP
model again traces to the interrelation of crop returns in an optimizing
framework that is restrained by reasonably wide bounds and a limited
number of resources. The mode! underestimates Fresno participation in
Plan B of the cotton program for 1959~60, and this seerns to be associated
in part witl: an overestimation of the acreages of certain other crops.

The Projection Test is included chiefly to illustrate certain character-
istics of the RP approach, such as the generation of predictive cotion
supply functions for specified years in the future. The projected acreage
paths assume no allotments on eotton after 1960 and a cotton price equal
to 80 percent of a historical average price. Controls or other maximum
acreage limits are retained for wheat, rice, sugarbeets, and melons.

The Projection Test shows (1) that the RP results appear to he more
stable than comparable regression estimates, (2) that the RP results do
not lose more azccuracy than the regression results when the estimates
are made 2 years ahead instead of 1, and (3) that the RP acreage paths
change direction due to the interrelations of erop returns and restraints,
whereas the independent regruession estimates, as expected, do not change
direction.

This study analyzes only one region. A more advanced use of the
RP approach would include a set of regional models in an “interregional
system.” Their solutions woniudd be summed and superimposed on ag-
gregate {nutional) product demand functions to estimate market prices
for the next year.

Y]
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Predicting Regionai Crop Production
An Application of Recursive Programing

By W. NeiLn Sceatier and Gerard W. Dean

INTRODUCTION

One of the critical components in formulating inteiligent farm policy
is understanding and accurately predicting farmers’ production response
under alternative conditions. In retrospect, why have farmers reacted
as they have to changes in prices, technology, Guvernment programs,
and other forces?  How are they likely to react next yoar? Five years
from now? In the aggregate? By area? To economic and institutional
conditions not heretofore sxperienced?

Answers to such questions are not in themselves suflicient bases for
broad policy decisions —~but they are crucial ingredients.  The importance
of accurately predicting production response is recognized in the con.
tinuing rescarch effort directed toward this end by Federal and State
agencies in the United States.  Several different research approaches
have been used.  Each has its advantages and disadvantages. None has
been consistently “successiul.”

The major objective of 1his study is 1o critically evaluate and put to
rather extensive empirical test one of the more recent approaches to
explazining and predicting production response—navacly, recursive pro.
graming. While importam. applications of the technique have been made
already by Henderson (33) and Day (21), further application and testing
of 1t are needed 1o determine its proper place and promise relative Lo
alternative approaches.” Hence, this study emphasizes @ direct empirical
comparisort of the characteristics and results of recursive programing
{(RP) with those of the widely used technique of regression analysis of
time geries data,

"The empirical setting for the problem is the geographically small (1.4
mifilon cropland acres in 1959) but agriculturally important area of Fresno
County, Calif. The area’s main crop, cotton, is one of the major “prob-

' W, Neill Sehaller, Agriealtacal Beonpmist, Farms Production Beonomsies Pivision,
Feonomic Rescareh Servigs, 105, Deparunent of Agriculture; and Cerald W. Dean,
Asgocinte Proflessor, Department of Agriculiural Eeonornics, University of Cafifornix.

* lalie numbers in purentheses refer o tems in hiterature Gited and Selected
References, puge 0.
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lem” crops under Government control in the United States.s Despite
the use of various supply control measures and export subsidies over the
past decade, large cotton surpluses remain oae of the major problems in
T.S. agriculture (1able 1}.

TasLE 1.—Total annual production and August 1 carryover of U.S. cotton,

1953-63

Total Total Carryover ns

Yeur as. carryover, | percent of

preduction August 1 production

Million Million
bales bales Percent

L 16.5 2.6 34
1958, e e 13.7 9.7 71
1955...... .. et 14.7 iLz2 %
B 13.3 14.5 109
B R O 1.0 11.3 103
BOLB. . e s 11.5 8.7 76
208G, e 14.6 8.9 61
B 1 N 14.3 1.6 53
B O 14.3 7.2 50
06, e 14.9 7.8 52
1963 1 . . R 15.5 | 11.2 72

! Prelimimary.
Source: Cotton Situation, CS5-20% (November 1863) and C8-210 (January 1964) (45),

Since 1957, about one-fifth of the total U.S. cotton production has come
from the West (table 2). Sixty percent of the western cotton is produced
by California, chiefly in six counties of the San Joaquin Valley (fig. 1).
Fresno is the most important of these counties, with one-fourth of the
State production (6, 7). This study, and an earlier study by Richard H.
Day (21) analyzing changes in cotton production in the Mississippi
Delta, might serve as building blocks toward a later model of U.5. cotton
response useful for policy purposes.

The major remaining sections of this report {1) briefly describe and
compare the most common research tools in production response work,
(2) describe the empiricai problem and the particulur recursive pro-
graming and regression models used in this study, and (3) evaluate the
empirical results of recursive programing by means of various test com-
parisons with the resulis from regression analysis.

ALTERNATIVE METHODS OF PRODUCTION
RESPONSE RESEARCIH

1n 1933, Cassels (13) divided supply response studies into twoe main
groups:

*First, those in which conclusions about the responsiveness of supply
are based upon investigations into the underlying conditions of produc-

3 For an historical review, see Benedict and Stine (2), pp. 3-46.
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TasLe 2.—Cotton production in Western States, and U.S. totals, 1953-63

California- Arizonu New Mexico Nevada I
u.s. West as

percent

of U.S.

1,000 Percent 1,000 Percent 1,000 Percent 1,000 Percent 1,000
bales bales of West bales of West : bales

1,768 1,070 327 10 16, 465
1,487 911 : 316 | 12 16 | 13,697
1,205 728 : 266 12 ~ 14, 721

829 301 12 78 | 13,310
763 236 9 10,964
734 301 11 . 11,512
715 11 14, 558
849 291 9 it 14,272
828 300 11 14, 318
942 268 9 : 14, 867
10 15,548

! Preliminary.
Sources: Statistics on Cottoii and Reldted Data, 1925-1962 (46) and. Cotton Siiuation, January 1964 (45).
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tion; and second, those in which the conclusions are based directly on
analyses of past experience with respect to prices paid and the response
actually associated with them.”

This classification is still appropriate. Currently, the most important
method in the first group is activity analysis, or linear programing.
The method commonly associated with the second is statistical analysis
of tirne series data, or regression analysis.' The method of major interest

1 The propertics of linear programing and regression analysis are described through-
out the literature and are not repeated here. Suggested references are Nerlove and
Bachman (37) and Heady (29) [or a review of both methods; Herdy and Candler (30)
for a treatment of linear programing alone; and Ezekiel and Fox {26) pertaining to
regression analysis.
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in this report—recursive programing—might be considered a synthesis
of linear programing and (ime series analysis.

Linear Programing

Farm rmanagement research traditionally has focused on helping
farmers deterniine what would be a “more profitable” or the “most
profitable™ farm organization under specific conditions. More recent
researchh hus emphasized problems of deiermining “optimum™ inter-
regional adjustinents—-those satisfying the condition of spatial equilib-
rium. Linear programing is well-suited for these problems because of
its ability to optimize (usually maximize preflits or minimive cosis}),
while taking into explicit account the underlying production relation-
ships of the firm or region.  As generally used, it is 4 tool for specifying
what firms or regions "“must do™ 10 maximize profits or minimize costa.

The question s to what extent the profit-maximizing solutions are
useful for predicting what firms or regions “will do,” or “would do”
under specified circumstances. Profit-maximizing selutions may be
good predictors in the long run on grounds that, through time, farmers
overcome inertia, lacle of knowledee, and other restraints and move
toward the most profitable adjustmenis. But conventional linear
prograwing solutions clearly are not intended to predict short- or inter-
mediate-run adjustments, or the actual process of adjustment,

These solutions can be made more predictive in the shorter run by
adding restrictions to reflect preferences or dislikes of the operator and
by using eetwal rather than highly efficient production practices. How-
ever, there appears to be little widespread or systematic effort to aug-
ment programing models 50 as to reduce the inevitable discrepancy
between profit-maximizing behavior and farmers’ actual response.

Regression Analysis

In many respects, regression analysis is more directly useful for pre-
dicting farmaers® response than conventional linear programing. Because
regression results are based on actual past changes in production, they
are more likely to take Into account farmers’ likes, dislikes, and other
vonsiderations which are omitted in the nsual programing model.  Fur-
ther advantages of regression are (1) the relative accessibility of aggre-
gative data compared with the difficadty of obtaining more detailed
input-output and resource data required in lincar programing, (2) rela-
tively low cost and quick aggregative resnlts and, (3) the ability, given
the satisfaction of certain statistical assumptions uaderlying the model,
to mahe probability and confidence statements about the results.

Pespite these advantages, the regression technique cannot aceount for
the efferts of changes in the decision-making environment with the same




degree of realism as is possible with linear programing. Estimated
regression coeflicients reflect only a historical structure. Thus, sharp
changes in siructure, due to forces such as technological change and
Govermment programs, make it exceedingly difficult to use regression
analysis for direct prediction. Purely statistical problems also occur
when the number of past observations is limited or when the intercor-
relation among “independent” variables is high.

In summary, the major advantage of regression in supply analysis is
to explain past changes in production and to predict short-run future
response under a continuation of the prevailing historical structure.

Recursive Programing (RP)

The RP model uses linear programing to make year-to-year sequential
predictions of output, prices, and incomes over a period of years. The
basic idea of recursive analysis has been explained by Wold and Jureén
{53, p. 12-15), and has been used extensively by Professor Wold. The
theory is that current production depends upon past prices, while current
prices depend upon current production. Thus, if we know prices and
production prior to year ¢, we can predict the probable production in
year t; from this we can predict probable prices in year t; from this we
can predict production in year t+1; and so on.

One of the simplest recursive analyses is the cobweb model described
by lzckiel (25). Many cobweb models have been derived statisticaily
from regression analysis of aggregate time series data on prices and
production. Our RP model is & more elaborate kind of cobweb model in
many dimensions, based upon linear programing, with suitabls limits to
the year-to-year changes that can be made in output.

Dr. Frederick V. Waugh, Economic Research Service, U.S. Department
of Agriculture, presents an up-to-date review and interpretation of
cobweb model developments in the November 1964 issue of Journal of
Farm FEconomics (52).

Richard 1. Day recenily developed and applied an RP model in a
pioneering study of the Mississippi Delta (18, 21). His study explains
past changes in the production of cotton and eight alternative crops
during the period 1940-37. Among Day’s contributions is the basic idea
that programing restraints can be generated in a recursive manner, thus
giving the lincar programing model 2 dynamic property. Marshall K.
Wood presented a similar idea in 1951 (54),

Referring to the RP maodel, Day points out that ™. . . any particular
model of this kind belongs to a quite general class of dynamic programming
models which are dynamic not only in the Hicks sense, 45 are most
so-called "dynamic programming’ prohlems, but also in the Frisch-Samucl-
son sense.  Consequently, thie system called for a new name which would
recognize this distinction. Thus, "Recursive Programming.’

6




*“The essential difference between the two is that in ‘Dynamic Pro-
gramming’ planning is determined by a single optimizing decision, while
in recursive programming economic plans are determined by a sequence
of uptimizing decisions” {21, pp. vii-viii).

The Day model was influenced also by James M. Henderson’s study
of changes in land utilization (33). Henderson developed, and tested for
one year, the idea that a profit-maximizing model with “fexibility”
restraints on year-io-year adjustments can be used as a predictive device.
Henderson applied his model to explain changes in the acreages of 11 field
crops for the United States as a whole, between 1954 and 1955. He
divided the country into regions, solved a programing problem for each
region, and summed the results to obtain national estimates.

A separate RP "problem” can be delined for each year, or other suit-
able planning period, based on data for the preceding year(s). Farmers’
decisions are ussumed to be independent in the short run. We assume
that these decisions {or plans) are based on farmers’ “expected™ earnings
from production alternatives and on their availzble resources. Next
year's plan is viewed as 2 deviation {rom the current cropping plan or
farm organization.  Aceordingly, the data used in the RP model are
“expected” values.  For example, actual prices received in year t-1 may
be defined as the expected prices for year t. Similarly, model restraints
depend an the previous level or use of resources.

Restrictions in the model include, in addition to the resource restraints
commonly specified in linear programing, “flexibility™ and “techinolog-
ical capacity” restraints on the maximum allowable year-to-year changes
in the solution from the preceding year. listimation of the allowable
rates of change is bused on time series data of past changes. Conse-
quently, although the solution to the model is “optimum,” it is a highly
resteained optimum in conformity with farmers” past sctual behavior,
thus appeaximating a more predictive solution.

Apart from an explicit treatment of time and the addition of recursive
restraints, the R model is quite like the conventional linear programing
model.  The basic unit of anafysis may be a single farm, a group of
homogeneous farms, or a geographic region. The Tactivities” in the
model are the production alternatives or other choices open to the unit.
The “ohjective’ of the model is to maximize total net returns or profil
to the unit, subject ol course to the restraints estimated recursively for
the particular year.  As these restraints are perhaps the most critical
component of the model, they are discussed below in some detail.

Flexibility Restraints

The Hexibility restraints are simply upper and lower bounds on the
allowable year-to-year change in ilie solution acreage of each crop in the
model.  Their role is o account for the many forces causing lags in ad-
justment, such as farmers’ inability or unwillingness to maximize profit
because of risk and uncertainty. personal preference or dislike for grow-
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ing certain crops, minimum leisure requirements of operators, and conflict
of short-run profit maximization with longer-run objectives.

The acreage bounds for year ¢ are represented by the inequations,

X2 (148 X
and

X:Z (l“ﬁ_?) Xt—l!

where X, refers to the total solution acreage of all activities prodacing a
given crop in year ¢; X, ig the actual acreage of the crop in year ¢—1, or
the solution acreage in year t—1 if ¢ is more than 1 year into the future:
and 8 and B are the maximum allowsble percentages {decimal form) of
increase and decrease, respectively, from the acreage in the preceding
year. For example. if the acreage of cotton in year t—1 is 1,000 acres,
and § and B equal 10 percent and 40 percent, respectively, the solution

acreage of cotton in ¢ is resirained to fall between 600 and 1,100 scres.
Esmpirically, 8 and § are estimated from time series data by one of several

methods.

The simplest estimates of flexibility coefficients are the averages of
positive and negative percentage changes in the past. A more formal
approach involves fitting a regression equation of the form X =f(X, ),
or possibly a more complex function including additional independent
variables. The data might also be stratified into years of positive and
negative change before analysis in order to permit B##8. S5till another
possibility is 1o base the estimates of g and 8 on the maximum changes
that took place in a previous “similar” period_.

The general rationale for one or another of these empirical procedures
t6 as follows: Various forces interact to explain past changes in crop pro-
duction. Some are measurable; some are mot. The measurable quan-
tities are introduced explicitly in the analysis (changes in technology,
resource levels, yields, costs, and prices). Since the other forces are not
measurable, we include restrictions that reflect the past sum effect of
both measurable and noumeasurable forces—that is, actual past acreage
or production changes resulting from all forces. These restrictions may
not be effective when the explicit forces are sufficiently binding to deter-
mine a solution. More often, they are effective for certain crops.

In a eense, the fexibility restraints can be viewed as naive forecasts of
future production under “favorable” (upper bound) and “unfavorable”
(lower bound) conditions. The RP model then refines the forecasts by
taking into account all the additional explicit inforination available. If
this “refinement”did not take place, there would be no advantage (and
probably a disadvantage) to the RP method as compared to conventional
regression analysis on a erop-by-crop basis.
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Technological Capacity Restraints

To make the RP model as predictive as possible, restraints on the
capacities of {actors of production associated with alternative technologies
are included. For example, where cotion can be picked by hand or by
machine, the maximum production of cotton that ean be machine picked
is included as a restriction. Like the upper and lower crop bounds, the
technological capacity restraints are determined from past, year-to-year
changes in the actual acreage or production associated with that
technology,

This procedurs assumes that the rate of adoption of technology is
limited by factors such as lack of knowledge and limited supplies. It
assumes thut the demand for the asset equals or exceeds the supply.
The resulting restraint on the expansion of a profitable technology
indirectly restricts the abandonment rate of other, less profitable tech-
nigques.  Thus, the technological capacity restraints isolate cortain of the
forces uccounted for indirectly by upper and lower crop acreage bounds.

Physical Resource Restrainis

An RP model may include any numnber of physical resource restraints
commonly imposed in other programing models, such as available land,
labor, fertilizer, and irrigation water. Ofien the restraint magnitude is
known in advance, like the total land area. However, future resource
restraints are often unknown and must be estimated from data on past
rates of change and resource levels. The inequation in this case is of
the form,

ZtS (1+7)Z;_|,

where Z, is the restraint value in year ¢; Z,_, is the magnitude in year
t—1; and v is a coeffirient representing the maximurm allowable percent-
age change.

THE EMPIRICAL PROBLEM, MODELS, AND TESTS
The Problem

The empirical problem of this study is to (1) “explain™ changes in the
production of cotion and alternative crops in Fresno County, Calif., from
1951 through 1958, (2} to “predict” the changes for 1959-61, and (3) to
“project” changes through 1965 under assumed program conditions.
Cotton production response is emphasized because of ils importance in
U.S. farm policy. For example, if present acreage controls were relaxed,
what types of adjustment would take place in the gquantities of cotton
produced? Would cotton production continue to expand in the West
and the Southwest? What would be the impact of cotton response on
other segments of agriculture? Our principal interest is to ussess the
relative usefulness of RP for answering these and similar questions.
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Fresno County was selected for analysis not only because it is an im-
portant cotton-producing area but also beczuse it has a great diversity
of characteristics. The area presents essentially all of the problems that
would be expected in an analysis of a larger area—different types of {arms,
irrigated and nonirrigated agriculture, and a wide range of erop produc-
tion. Soil, water, and even climatic conditions vary widely within the
county.

Fresno has a semiarid climate with relatively mild winters and hot
summers.  The length of the growing season on the valley floor averages
over 225 days and favors the production of a large number of crops in-
cluding fruits, nuts, vegetables, and field crops (15, 16, 34}. Many of
the z0ils in cultivation are among the most productive in the Stale. As
Fresno’s annual rainfall averages 5-12 inches, occurring aimost entirely
between October and May, irrigation is essential for summer crops.

Differences in the sources, cost, and quality of irrigation water divide
the valley floor into two distinet parts, the Eastside and the Festside
(fig. 1).® These are treated as separate subregions in the R¥P nodel to
reduce the degree of heterogeneity, The Lastside s adjacent to the
chief source of wuter, the Sierra Nevada Mountain range. For that
reagon, Lastside [arms were developed first and today have access to a
relinble supply of relutively low-cost, high-quality surfaee water dis-
tributed by irrigation distriets and to groundwater pumped from rela-
tively shallow wells. This allows production of many high water-using
Crops.

Eastside farms are compuratively small in terms of acreage, partly
because of the historical pattern of settlement and partly because large
units are not required for operators to earu satisfactory farm incomes.
For examnple, in 19534, the Fastside had 4,180 farms holding cotton allot-
ments; and over 80 percent of these farms contained less than 100 acres
of eropland {31).

In sharp contrast, the Westside of I'resno County has aceess only to
groundwater which, due 10 a peculiar subsurface formation, must be
pumped from deep wells, Jrrigation development on the Westside did
not begin untl the 194Fs.  Prior te that time, grain and pasture were

the chief crops and large units were needed 1o provide acceptable incomes.
After World War 11, the increasing profitability of cotton and the timely
development of the deep-well turbine caused a rapid transition of the
Westside to & more intensive irrigated agriculture.  Typically, there is

one well, pumped continuously during 1he peak season. to irrigale a
seetion of land,  Thus. fixed costs per acre-foot of water are reduced as
tnuch as possible and wear and tear on deep-well turbines 5 less than if
they were turned on and off frequently during the irrigating season,

5 The Eastside is defined as the gren east of the Fresno Slough, including a small
portion of the county west of the Sau Joaguin River, which hag been supplied with
surface water for the past decude.  The Westside includes the rest of Freano County,
witich has sesess 10 groundwater only.
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During the transition to more intensive production there was litile
change in farmn size.  For example, in 1954, the Westside had 55 cotton
allotuent-holding farms; 39 percent of these had over 1,100 acres (31I).
The sharp contrast in size of farming units between the Kastside and the
Westside is elearly ilfustrated in the aerial photographs in figure 2.

The historical size distribution on the Westside wis maintained, first,
because much of the area is owned in section blocks by large industirial
corporations that rent Lo large farm operators. Second. there are sub-
stantial economies of scale on the Westside due to easy adapiability of
large-scale equipment. Third, large units ure more importamt for satis-
factory earnings than on the Eastside because Westside groundwater is
high in salt content, limiting the area’s alternatives 1o reasonably tolerant
and generally less profitable crops.

fligh water costs further lirait the number of crops 1o those which have
low water requirements, yield exceptionally high returns, or are grown for
rotational purposes. Due to the water quality and cost problem, the
major Westside allernative to cotton is barley, a low.value winter crop.

The RP Model of Fresno County Crop Production

It is clear from the foregoing discussion that we are interested in a
linear programing model made as predictive as possible by additional
restraints, and capable of sequentially projecting results into the future.
Such a model can be constructed either on an individual “representative”
farm basis, with aggregate estimates obtained by weighting individual
farm results by the number of farms in each category, or on a regional
or apgregate [arm hasis, giving aggregate results direetly.

We have chosen the second or regional model, modified 1o distinguish
between two distinet subregions. mainly for the reason that dala require-
ments and time and cost of analysis are less than for the “representative”
farm model.  For example, we use as physical resource restrictions the
amounts available to all farms without specifying the amounts available
1o each farm.  Also, there are no knoewn and usable time series data for
estimating “representative” farm flexibility restraints.

The principal disadvantage of the direct aggregate approach is the
problem of aggregation bias. Quantifying 1otal physical resource
restraints involves difficult problems of aggregation. Many fixed or
quasi-lixed faclors of production, such as tracrors and irrigation wells,
belong to spevific farm units. Even though not used 1o capacity on the
particular farm, these resources nonetheless may be unavailable or only
partially available 1o the other farms in the aggregate.

Custom or contract practices for specialized machines and seasonal
labor altow high resource mobility for some so-called “fixed” factors.
In other cases. the degree of nonuse must be considered in setting aggre-
gale restrictions.  Specific problems of this type are discussed in the
following pages and in the appendix.
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ffignre 200 Land-u-e patterns, Fresno Connty, Calife Fastside {top) is nocth of

Sanper; Westsnle = about 10 milen west of Helm, These pictures were Lihen
at the same alittode.  WCourtesy Boil Conservition Service.)
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To reduce aggregation problems, combinatione of the representative
farm and aggregate approaches are intuitively appealing. Perhaps the
most obvious of these is stratifying the aggregate model into farm-type
components or strata with separate, aggregate resources and possibly
with all strata competing for certain other resources. In effect, our model
with Eastside and Westside stratification is of this type.

The Activities

Twelve crops were defined as the basic land-use alternatives in this
analysis:

FEastside Westside
Cotton Cotton
Rarley Barley
Wheat Wheat
Alfalfu kay Alfalia hay
Alfalfu secd Alfalfs seed
Sugarbeets Sugarbeets
Crrain sorghum Grain worghum
Rice Melone
Field com
Dry beans

Irrigated pasture

These crops constitute the major short-run land-use alternatives
directly interrelated with cotion. In 1958, the 8 Westside crop alterna-
tives accounted for 98 percent of the Westside cropland; the 11 Eastside
crops accounted for 93 percent of the total cropland on that side, excluding
orchards and vineyards.®

Acreages in orchards and vineyards were excluded because (1) the
model would be greatly complicated by their inclusion and (2) the total
acreage in orchards changes slowly and would have no great effect on the
ghort-run aggregate production responses of annual crops.’

Expected net returns per unit {acre) of each activity were calculated
agsuming that farmers’ expectations of price, yield, and cost components
can be approximated by simple expectation models. Expected prices for
annual crops were taken 1o be the average prices received in the pre-
ceding year. Expected prices for the semipermanemt crops, alfalfa
hay and alfalfa seed, were weighted averages of prices in the past 2
years, i.e., 0.67P,_,+0.33P, ». Expected costs were set equal to actual
cost estimates for the preceding year. Yield expectations were assumed
10 equal trend extrapolations (usually linear) of past average Fresno
County data.

Production activities in the model represent unique technigues of
producing each of the 12 crops. A total of 74 to 98 activities are defined,

% Unpublished aerial photo survey data fuenished b~ California State Department of
Water Resourcves, Division of Resource Planning,

7 For an example of how orchard crops might be handled in a lineat programing
maodel, ree Dean and De Benedictis (22).
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depending on the year tested. Alternative production techniques
include:

Different Soil Types.—Activities are included for each of three types
of cropland (1ypes 1, 2, and 3 defined in the appendix), differing in yield-
affecting characteristics. Expected yields and associated harvesting
costs vary with each soil.  Except for rice, each crop can be grown on any
of the soil 1ypes. Rice, 2 heavy water-using crop, is limited to soil 1ypes
2 and 3 because it is commonly produced only on heavy-textured or
shallow soils with high moisture-holding capacities.

Irriguted and Nonirrigated Production.—Barley and wheat are winter
crops and hence usually mature with little or no irrigation. The re-
maining activities are summer crops, all irrigated, with one level of water
application defined for each crop.

Single- and Double-Cropping Practices—The model includes barley-
sorghum double-cropped activities on each of the Fastside soil types.
Since land is relatively more limited than irrigation water on 1he East-
side, farmers may follow winter barley with a June-planted crop that
has a short growing season, such as beans, rapid-maturing varieties of
corn, or sorghuns.  In contrast, on the Westside, water rather than land
is the more restricting resource; therefore all Westside activities are
single-cropped.

Different Cotion Technologies.—Colton production alternatives in-
clude both hand and mechanical picking on both sides.

Westside cotton activities also include both solid and “skip-row™
planting.  Skip-row cotion was introduced by farmers as an alternative
in the mid-1950’s in an attempt 10 increase yield per umit of the most
restricting factors, water and cotton acreage allotments.

The Restraints

The Fresnc model includes 67 1o 76 restraints, depending on the year
tested. Five kinds of restraints were selected {in addition 10 Govern-
ment programs). The criterion was 1o quantify as many as possible of
the restrictions that actually affected 1he cropping pattern throughout
the 1est period, A detailed discussion of these restraints and their
derivation is found in the appendix, part B. However, a brief discus-
sion of each should give the reader an appreciation of the procedures and
difficuities encountered.

Total Land and Land in Different Soil Types.—The basic assumption
used in estimating lund restraints is that the actual total acreage of the
12 Fresno crops closely approximates the “supply’ of land available to
those crops.  This assumption is probably quite valid as the crop alterna-
tive is usually more profitable than leaving land idle.

The toial land restraint for years 1931-58 was set equal 1o the 12-crop

arreage; nit for years after 1958, it was derived using a Pearl-Reed growth
function {appendix, page 86). In both cases, the total acreage was
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divided into separate soil type restraints based on available land classifi-
cation data.

Acre-Feet of Irrigation Water, in Total and by Time Periods—The
assumption that resource supplies equal the guantity used or demanded
was also applied 1o irrigation water. This is undoubtedly valid for the
Westside where groundwater is the only source of supply and most
farmers operate their pumps continuously during the pesk season.  Even
on the lastside, ihe supply of surface water delivered to farmers by
jrrigation districts or water companies s limited by entitlements which
reflect actual demand.

The prevailing method used to estimate totul water restraints was the
least squares equation,

Z:: (L+v)Zess

where 7, and 7., are the estimated total amounts of water used by the
12 Presno crops in years ¢ and t—1, and v is a percentage change coefhi-
cient. ‘This total water restraint was then divided into five time-period
supplies based on the historical disiribution.

The Maximuwn Production of Cotton That Can Be Picked v Kachine
teapacity  restraint).— Like land and water restraints, the aggregate
capacity of mechanical cottonpickers was estimated from data on actual
use, implicitly assuming that these data were a valid meusure of {armers’
willingness and ability 1o adops the technology. Capacity restraints for
the future were determined from the leasi-squares equation, Bj==(1+a)
B\, where By==the maximum number of bales that van be machine-
piched in the solution in year ¢, and B, ,=the actual production machine-
picked in year t—1.

Flexibilivy Restraints.—The upper and lower acreage bounds for each
crop included in the model were based on regression estimates cf the
flexibility coefficients (B and B). As explained in the appendix, the
analysis was conducted in percentage terms to reflect changes in the total
land base. Separate squations also were estimated for the years of
increase fﬁ) and decrease (). Becuuse they are regression estimates,
the flexibility voeflicients represent average past net chunges in acreage.
To be more consistent with the coneept of a “hound™ heing a maximum
allowable change from one year to the next, the upper bounds were
increased by one standard error of the estimate, and lower bounds were
decreased by one standard error.

Tdeally, the flexibility coeflicients (B and B) are estimated from analysis
of past years which are "similur’™ to the year to be predicled. It was
neceszary, therefore, 1o omit past years during whicl unique and non-
recurring forces were at work. Specifically, we omitted 1954 and 1955
as observations when estimating the upper bound coefficients for uncon-
trolled crops because of the substantial, but unique, acreage increases
that oceurred In response 1o the return of cotton allotments. To allow
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for the “pressure™ to expand alternative crops in those 2 vears, a share of
the diverted acreage (based on acreage data for the preceding year) was
then added to the upper bound on each of the uncontrolled CrOpE.

A Maximum Acreage of Soil Type I and Minimum Acres of Types 2
and 3 in Cotton,—One of the *a ggregation problems™ in a regional analysis
is the tendency for the model to allocate the most profitable crops, like
cotton, only to the best soils, whereas in {act cotton is widely grown on
farms which may have only soils of poorer quality, Hence, restrictions
were included specifying (1) an agronomic maximum of no more than
50 percent of soil type 1 to cotton and (2) restrictions forcing at least a
minimum of cotton onto soil types 2 and 3 equal to the actual 1958 cotton
acreage on these soils (1958 cotton acreage was widespread but at a
minimumn due 1o allotments).

Representation of Government Programs

Various Covernment supply programs were in effsct during the test
period, 195161 (see Description of Model Tests, page 22}, The activities
and restraints in the model were changed or augmented 1o reflect these
conditions so 45 1o test the model’s ability to explain or predict farmers’
program response.

Price Supports and Allotments.~—Cotton and wheat allotments were
iz effect beginning in 1954, and rice allotments were introduced in 1955.
The announced allotment ie the upper acreage bound on each of these
crops whenever it is lower than the computed bound. The support
price is used a3 the “expected” price whenever it is higher than the
lagged price received.

The acreage of sugarbeets was uander a processing “quota” throughout

the test period. The quota is used as the upper bound, and a Government
payment is included in the crop’s net returns.

The Cotton Acreage Reserve of the Soil Bank—This program gave each
farmer the opportunity to reduce his cotton acreage below the announced
allotment and to receive in return a rental payment per pound of lint
that would have been produced on the “banked™ acreage. Thus, for each
of the coil-type activities defined for cotion, a *rental” activity was
added in the problems for 1957 and 1958, the 2 years in which the pro-
gram was in full operation.

One unit (acre) of this rental activity returns 15 cents per pound of lint
times the average historical yield, leas a nominal charge for weed control.
One unit of the activity also uses 1 acre of the cotton allotment, satisfies
1 acre of the Jower acreage bound on cotton, but uses none of the water
or mechanical picking capacity required by production activities.

The Cotton Plan A-B Program.—Under this program, in effect for
195960, each farmer had a choice between Plan A, with the cotton price
supported a1 not less than 80 percent of parity on production limited to
the regular allotment. and Plan B, which permitted an expansion of
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acreage up 1o 40 percent over the allotmem but involved 2 support that
was 15 percent-of-parity less thun under Plan A,

To represent this program. two sets of cotlon activities are used.
One set uses the “A™ price and another uses the “B” price. The cotton
acreage allotment remains as the upper bound, but because Plan B
allowed the acreage 1o exceed the allotment by 40 percent, 1 acre of a
B activity uses only 0.714 acres of allotment (1.0=-1.4) instead of the full
acre required by each Plan A activity.

The 1861 Feed-CGrain Program.—The farmer had three options under
this program. I he grew an acreage of corn and sorghum larger than
80 percent of his “buse™ acreage (his average acreage of these crops in
1959--60). he was ineligible for price supports. 1 he reduced his acreage
to 80 percent of the base. he wus eligible for support on what he grew
and, in addition. hie received a payment for each diverted aere equal 1o
50 percent of the support price times his “normal™ yield for the crop.
He could further reduce his acreage by any amnount down to 60 percent
of the base, in which case he received the above pzyment plus a payment
on each additional diverted acre equal to 60 percent of the supporl times
his normal yield. Provisions for small farms were alse included in the
program, but these are not represented in the Fresno model.

Fach of the activities for grain sorghum and corn 1s redefined as an
option 1o produce the crop with 1o support and with no [imit on acreage,
other than the computed upper bound. Three additional activities
are defined for each soil type 1o depict alternative degrees of participation
in the program. The first represents the option of reducing acreage to
80 percent of feed-grain base. The returns to each of these activities
are & combination of earnings from growing eight-tenihs of an acre and
the diversion payment for idling the remaining two-tenths of that acre.
The second set of activites depicts the option of growing the crop on
seven-tenths of an acre, with three-tenths idle. The third represents
production on six-tenths of the acre, with four-tenths idle. Each unit
of a participating activity uses 1 aere of the “feed-grain base,” 2 new
hound.

The RP Model in Matrix Form

Table 3 provides an abbreviated symbolic picture of the Fresno model.
The matrix consists of two submatrices, one for the Eastside and another
for the Westside, eacl with its own set of lard. water, flexibility, and
technological restraints.  In addition, the two areas compete for a 1otal
Fresno County “resource,” the maximum bales of cotton that may be
picked by machine, because cottonpickers can and do move between
the 1wo sides.

The Eastside and the Westside are also direcily competitive in the case
ol various "hookkeeping™ restraints for 1951-58, such as the minimum
total quantities of land and irrigation water that must be used on the
Fustside, As explained in the appendix. part B, these restraints are
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Tasue 3.—Recursive programing matrix, Fresno County, Calif.'

‘Westslde . Fastside
Restraints

X WL X s { X0y X8 [ Xie [ Xao 15

Adres of 50 {ype )

Acres of 501t Lype 2

Acres of soll Lype 3

Acre feet of water, pertod 1

Aere feot of water, period 2

Acre [eet of water, period 3

Atre feet of water, period 4

Acro feet of wiiler, period §

Cotton machine-picked outpul

Max, soil typo 1 il coiton

Min, soll type 2 ineotion

Min,soll typed in cotion

Mayx, soll type 1 in skip-row
cotion,

Mux, soil type 2 in skipsrow
cotton,

Mux, soil type 3 In skiprow
cotton,

Upper bound oncofton

Upper bound v harley

‘Upper botind on alfalfa haj

Upper houmd on wheat

Upper buund on alfulfa seed;

Upper hound on sugar beéts

Uppdr bound on gorghiim

Upper hound ¢n-melons

Lower bound on cotton

Lower hound on luirley

Jaower hound on ulfulfa hay

Lower hound on wheat

Lower bound on alfalfa seed

Lower hound on sugar beets

Lower bound on sorghtim

Lower hound on inelons

¢ WESTEIDE——s

Seoil type 2 and 3 activities
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Soil type 2 and 3 activities

IVIVIMIVIVIVIVIVIVIVIV  TATATATAATAIATAINAAIMIVIALAAIA AIAIAIAIAIA

Acres of sofl type |
Acres of soll Lypo 2
Acres of soll type 3
Acgre feet of water, period 1
Acre feet of water, period 2
Acra feet of water, period 3
Acre feet of water, berfod 4
Acre feet of water, period §
Cotton machine-picked output
Max, 501l type 1 in eoiton
Min, s6if type 2 in.cotton
Min, soil type 3 in eotton
Upper bound on eotton
Cpper bound on barley
Upper howsid o difulfa hay
Upper botind on whiat
Upper bound on alfalfa seed
Upper bound oy sugar bets
Upper bound on sorghum
Upper hound on Held corn
Uppér bound on rice
Urpper ound on dry beans
Upper bound on: irrigated pas-
ture,
Lower botnd op goiton
Lower hound on barley
Lower bound on alfalfa hay
Lower hound on whent
Lower bouttd on alfalfa seed
Lower Twuiid on sugar beets
Lower bound oti sorghus
Lower bound on fleld corn
Lower hound on rice
Lower Lound on dry beans
Lower bound on Irrigated pas-
ture,

+——EASTSIDE——

IV IV OIAIA A

Cotton machitic-picked outpul
(total),

Taotal County acieage ?

Total, County water supply (ac,

{t,).?
.\Ilnin!mm total Eastside acre-

age.!
Minimum Eastside water. use
(ae, fL.).2

KEEPING”

See footnotes on next page.
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Footnotes for pages 18 and 19

! Only soll type I activities are shown, These are denoted by subseripts 1-26, as

follows:
Subscript

3 BT

4
5
(i
7
8
9

" Activity
Westside

Cotton, machine-picked,; solid-planted
Cotton, inachine-picked, skip row
Cotton, hand-picked, solid-planted
Cotton, hand-picked, skip row
Barley, frrigated

Barley, dry

Alfalfa hay

Wheat, irrigated

Alfalfa seed

Sugarbeets :

Qrain sorghum

Melons

Eustside

Cotton, machine-picked, solid-planted
Cotton; hand-picked, so[id-plnnted
Barley, irrigated

Barley, dry

Alfalfa hay

Wheat, irrigated

Wheat, dry

Alfalfa seed

Suzarbeets

QGrain sorghum, single-cropped
Barley-sorghuin, duuble-cropped
Field corn

Dry beans

Irrigated pasture

Matrix coefficients a, b, and ¢ (assoclated ‘with restrainis on machine-picking of
cotton) differ for each activity and caeh year,

¥ Rows-used only in the Explanatory Test, 1051-58.  ITowever, the ‘“I'otal county
witer supply’ is converted to separnte Westside and Eastside restraints after 1958




required because of insufficient data concerning the breakdown of actual
crop acreages between the two sides prior to 1958. Such restraints are
omitted after 1958,

The Regression Models of Fresno County Crop
Production

As mentioned earlier, the major purpose of the analysis is to test the
RP model against conventional regression analysis of time series data.
We have chosen to specify only three single-equation, least-squares
models fitted independently to Fresno crops. The equations specified
are quite representative of regression models, although better “fits”
(higher R*) might have been obtained by more exhaustive examination
of alternative regression models,

For comparison with RP results, we select for each crop the regression
model which gives the “best fit” (highest R?). This is more rigorous
than testing the RP results against those of a “naive” model as is some-
times proposed in testing econometric models, such as predicted output
in year t==actual output in year t—1, or letting predicted output be a
function of time only.

The following single-equation, least-squares models were applied
independently to each of the 12 Fresno crops except sugarbeets and
irrigated pasture:®

*
(1) X;=a+bX, \FcP+dTH e,
(2) Xi=a'+ W' X+ 'Ri+d'A I+€;:

*
(3) Xe=a"+b"' X" Ret-d'G e
where the variables are defined as follows:

X,=actual planted acreage of a given crop in year ¢ {or harvested acreage
if planted data are not available, 1,000 acres).

X, ,=acreage planted {or harvested) in year t—1 (1,000 acres).

*

IE;:"expecLed” gross per acre returns, year ¢ (dollars)=P, times actual

« Yyield per harvested acve, year t—1.

FP="expected” price per unit of output, year ¢ (dollars)=P, ;, the
price actually received in year t—1, or the support price for vear ¢,
whichever is higher.

A,=total Fresno County acreage available to “included” crops, year ¢
(1,000 acres}=1he R¥ model’s total land restraint.

% Sugarbeets are omitied from the comparison because this crop has no recent and
continuing history of uncontrolled acreage. Pasture is omitted because there are
no published market price date.
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G=a shift variable representing acrexge controls on other crops, or
the diverted acreage effect.  €,=0 for 1=1951-53; G,=1 for t=1954—
58.

T=a trend or time variable representing the effects of changes in tech-
nology and nonprice variables; 1946=1.

Like the RP model, these equations express the hypothesis that the
acreage of a crop depends on its acreage in the preceding year and on
other variables such as expected price, expected gross returns, the total
land resource, and the presence of Government programs. Both the RP
and regression models are recursive, meaning that dcreage in year ¢ can
be predicted in year t—1 from "known” values.

In the RP model the historical relation between X, and X,_; i5 used
* *

to estimate crop hounds, and P, or R, are used to compute expected net
returns.  The variable, 4., is broken down into subregion and soil-type
acreages that serve as restraints. The Government allotnent variable
is also handled on the restraint side of the RP model. In contrast, these
same variables are combined into a simplified model of statistical associ-
ation in equations 1-3.

‘T'o obtain estimates of erop output, as wel as acreage, from regression
analysis, the acreage estimates from the most acceptuble of equations 1-3
were multiphied by lugged actual yields per harvested acre, as follows:

:=(YE-—I+I7't—2+Y£-3) X:’

3

where Oj=predicted output of a given crop in year ¢; Y,=actual yield
per harvested acre in year t; and Xy=acreage predicted from regression
model (1), (2), or (3). Again, this comparison is a meaningful one. In
the RP model, acreage and yields are predicted simultaneously, whereas
in regression analysis, as used here, the yislds are predetermined. The
comparison of output results should, therefore, provide insight into the
effect of treating the two components of output endogenously.

Description of Model Tests

Three different kinds of tests are included in this analysis: An ex-
planatery test covering the period 1951-58, a predictive test applied to
195961, and a projection test for 1960-65.

The Explanatory Test (1951-58)

Changes occurring in the 1951-58 period were great enough to provide
a challenging test of the explanatory ability of the alternative models.
A variety of Covernment programs were in force during the period.
Between 1951 and 1953, cotton accounted for xlmost one-half of Fresno
County’s acreage in included crops. When cotton allotments were re-
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introduced in 1954, this share declined to 31 percent, and it was further
reduced to 27 percent in 1955. Substitute crops increased in relative
importance, as farmers found alternative uses for diverted acres. Irri-
gation development continued to increase despite acreage controls on
cotton, wheat, and rice; and this developent provided additional land
for alternative crops.

Changes in costs and technology also occcurred rapidly during the
period. The cost of pumping irrigation water on the Westside increased
from an estimated $3.85 per aecre foot in 1950 to $6.70 in 1958, due to a
lowering of the water table associated with imcreasing use.® On the
technological side, the proportion of Fresno’s cotton production picked
by muchine increased from 25 to 96 percent between 1950 and 1961.°

The explanatory models, us the name implies, simply try to “explamn™
ex post why changes have tuken pluce in the past. Thus, it is considered
legitimate to use data for the entire period in “explaining” output in a
particular year. For example, the regression equations are fitted to data
for the entire period (actually 1946-.8), and the predicted value of the
dependent vurtable for each year compared with the actual value in that
year. Likewise, the RP model uses “advance” information in this period;
resource and flexibility restraints for a particular year are estimated from
data for the entire 1951-58 period. The “test” of the RP model will be
whether or not its “explained” acreage and output of the various crops
over the time period approximate actual values more closely than similar
“explanations™ from the regression models.

The Predictive Test (1959-61)

This test uses no advance information except what is known ex ante
each year about Covernment programs. RP and regression predictions
are based only on preceding information. Here the problem for both
models is to predict | year unhead for the yvears 1959, 1960, and 1961
based on data for years 1958, 1959, and 1960, respectively, This pro-
vides a more rigorous test than the Explanatory Test and more nearly
represents the setting in which “real” problems of prediction are con-
fronted by decision-makers.

The Projection Test (1960-65)"

This test is included in the analysis to evaluate the intermediate-run
nature of RP results.  Specifically we want to answer the following types
of questions: What happens to predictive reliability over time when the
data are noet corrected annually for the actual outcome in the preceding

8 Unpublished datz firnished by Pacific Gas & Electric Co., Fresno, Calif.

0 Fstimates in Hedges and Bailey {32} or derived from unpublished U.3. Depart-
ment of Agriculture data and from unpublished records of the California Department
of Bmployment, Farm Labor Offiee, Fresna.

¥ The term “projection” is used instead of “long-run prediction” because in a
projection certzin data are assumed rather than predicted.
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year? From a policy standpoint, what kinds of adjustments would be
expected over a period of years in a western irrigaled region such as
Fresno, under assumed program conditions?

Two series of projections are included. In the first series, it is assumed
that the base year is 1938, and estimztes of cotton production response
are desired for each year through 1965. Thus, 2 series of year-to-year
solutions from the RP model and regression analysis are computed 1o
1965 based ou data through 1958. The second series in the test consists
of the same sequential procedure, but uses 1959 as the base year instead
of 1958.  Again, solutions are computed through 1965 based on those for
the preceding year.

Results of Explanatory Test (1951-38)

The results of the Explanatory Test (in which we use data for the entire
period to “explain” changes in each yeur) are illustrated crop-by-crop
in figure 3. Table 4 shows the percentage deviation of “explained”
from “actual” acreage and production for the RP and regression models
for each crop in the period 1951-58. Table 5 gives the outcome of the
regression analysis in more detail.  The results are discussed crop by crop,
and then summarized,

Cotton

Changes in the acreage of cotton are explained by the RP model with
an average error of about 6 percent {table 4). The model has a strong
tendency to overestimate this crop {fig. 3) because of its high relative
profitability, particularly in 1953 when the error was 21 percent.

The diserepancy in 1952 and 1953 would have been even greater if the
upper bounds on cotton had been reached. lInsiead, the estimated
acreage in these years was limited by supplies of irrigation water and
the degree to which farmers were willing 10 reduce their acreages of
alternative crops {depicvted by lower bounds).  Also, limits on the produe-
tion of machine-picked cotton and on the acreage of soil type I that could
go 10 cotton have important effects on the solutions for 1952-53. As
these limits are reached, the only opportunity to inerease cotton is by the
hand-picked activities on the poorer soils; and these activities are less
profitable for cotton than for crops like melons and rice.

The RP estimates for 1954-56 are without error.  The model correctly
explaing farmers’ full use of cotton allotments. In 1957-58, the model
includes Cotton Acreage Heserve Activities on each soil type.” These
represent the option of not producing a portion of the allotment in return
for a rental payment. In 1957, the model places in Reserve 3,275 acres
on the Westside and 5.080 on the Eastside, or a total of 8,355, This

2 Beeause the Soil Bank Act was pussed too lute in 1936 for mast facmers to consider
it an aliernative, it was excluded from the model uantil 1957,




compares with an estimated 24,430 acres actually "banked.” ® In
1958, the model places only 3,082 Westside acres in the Reserve, compared
with an actual estimate of 17,540 acres.

The discrepancy ovcurs because the model does not reflect many of the
differecces ketween farms, and amony fields within each farm, which
account for the decision 10 participate in a volumary-type program.
A breakdown of the region into farm type aggregates could result in more
aceurate eslimates of participation, but even a model with such intra-
rexional detail would not reflect all the reasons behind farmers’ decisions,
particularly those of & noneconomic nature.

The RP solutions place all of the Reserve acreage on soil type 3. This
is probably u fair approximation of actual participation for farms having
soil of this type.  Although the per acre payment rates varied directly
with cotton yields, costs ol production per bale were higher on soil type
3 than on the better quality land because of the lower yields on type 3.
Therefore, the net returns from the Reserve activities were relatively
more atiractive than the cotton producing activities on soil type 3.
Ln actual applications of the model, the returns could be varied to estimate
participation associaled with alternative payment rates and other program
vonditions.

Tuble 4 shows that the regression model, despite its relative simplicity,
explains the 1952-53 acreage more accurately than the RP model. The
RP model estimate, however, is more accurate for 1951, a year in which
cotton increased from an allotted acreage of only 159.000 to 342,000
acres after conmrols were removed.  This result supports the hypothesis
that regression analysis provides better estimates during periods of
straller changes and relatively stable structure. while the RP model is
better able 1o predict under situations of sharp changes in strueture.

The use of regression alone presents a problem in the period of cotton
allotments from 3954 58, The 1ime series estimates apply only to an
unrestricted decision environment lor the crop in question and thus
cannet be used direetly 1o explain or predict in years of cotton alloiments.
OF course, il by substituling the support price in the regression equation.
the predicted acreage is well abhove the total allotment, one would have
strong grounds for concluding that farmers will fully plant their aliot-
ments. Sull it must be conceded that RP has a substantial advantage
as an znalvtical tool o approximate new structural conditions such as
would aceompany Government programs.

As was shown in figure 3. the RP model overestimates cotton production
with a larger average error than for acreage (17 percent versus 6 pereent),
because yields tend 10 be overestimated (table 6}, One reason for the
model’s slight overestimation of votton yields is its tendency to place
as much eotton as possible on the beter soils, because of the crop’s high
refative profitability. This occurs despite the agronomic restriction

B LCounty totd provided by the Fresno Agricuitural Stabilization and Conserva-
Eion (g\Sf:) { Hiiee.
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"TABLE .~ Percentage deviation. of “explained” from

“actual” crop acreage and production, Fresno County, 1951-58"

[ACREAGE]

-.Cotton
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{ Grain gorghum

Field corn

Rice

Melons

Dry beans

Trrigated
pasture

Average of
7 crops ?

RP
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gion
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TasLe 4.—Percentage deviation of “explained” from “actual” crop acreage and production, Fresno County, 1951-58 *—Con.
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Grain sorghum Field corn Melons ! Dry beans Irrigated Average of
pastiire 7 crops ?

RP | Regres- Regres- Regres- Regres- ] RP - Regres- Regres- | RP | Regres-
slon | sioi sion gion sion

810N sion

14.1 9.6
46. :
1.
6.
11.
2.

wureN
Redaidn
e st ok RS
Froee

Mo
o i O I DS NI O e DI

.

—

[
NN S U ~a =2

b

Average 1951-58
Average 1951-53
“Average 1951-54... . vn L

B N
LT = S S S s

S

! The difference between the imodel estimate and the actual value, exprissed ag o percent of the actual.- ‘
2 Seven crops estimated by both models for the entire period (barley, alfalfa hay, alfalfu seed; grain sorghum, field corn, melons, and dry heans).




TaBLz 5—Regression equations used for Explanatory Test, I1951-58!

Stand-
ard
Cr[)p Equation &rror
of X
{1,000
acrea)

Cotton X=—189. 519+ 0. $00X 10.S22R 4 0. 3724, | o. 15. 280
(2.857)  (2.330) (1.942)

*
Barley. . ... .. g Xi=  88.861+0.337X,,+0.458R,+54. 903G, | 0. 14. 536
(2.228) (1. 398) (4. 492)

E
Alfalfa hay. . ...0 X/= 10.790+0. 834X, ,+0. 008R +11. TI0C, | 0, 4. 594
(7.517)  (1.338)  (3.303)

1

*
XNi= —4.36040.592X,,}+12, 906 ,—5. 3217 | 0. 13. 908
(1. 562) (0. 810) {—1.875)

E ]
6. 3184-0. 987X ,-,+0. 033R ,+10. 051G, | 0. 4. 640
(10. 011) (0.830) (2. 892)

*
Grain sorghum. . — 0 995+ 1. 147X, 0. 099 R 3. 410G,
(12.104)  (2.187) (3.217)

Melons. .......| X; 9. 8754-0. 091X -+ 0. 005+ 3. 088C,,
(0.359) " (0.759) (2. 140)

*
—5.2074-0. 198X 4 0. 083R +4. 366G, | 0.78
(0.898)  (2.215) (2.435)

X/= —10.140+0. 967X ., +-1. 8382 1. 070T | 0.88
(2.419)  (0.944) (0. 944)

0.1024+1. 231X ,.,—0. 001;?; +0.421C, | 0.98
(15.307) (—0.267) (2. 007}

! Varjables ure explained on page 21.  Each equation selected on basis of highest Rk 2
from amony three alternatives.  [946-58 data used for all crops except cotton (1946—
53, omitting [950 due 1o allotmenis), wheat (1946-53), and rice (1946-54). Numbers
in parentheses are t-ratios.  Tabled t-values for 2-tail test, 5 percenat level are: 3.182
for cotten, 2,776 for wheat, 2.571 for rice, and 2.262 for all other crops.

that no more than 50 percent of soil type 1 can be planted to cotton.
However, the RP medel does approximate the actual reduction in yield
that occurred when cotton acreage was expanded in 1952.

This reduction was due primarily to the fact that a larger acreage ol
poorer-quality soil was necessarily brought inte produciion as the total
acreage increased. Of course, errors in yield estimates also occur because
of weather variations. Like other predictive techniques, the RP model
doer not attempt to account for these factors.




TaeLe 6.—Actual cotton yields per acre compared with RP model estimates,

1951-58
Year Actual RP yields Year Actual RP yields
yields yields
Lbs, of lint | Lbs. of line Lhs. of line | Lbs, of lint
1951....... 688 45 1955.... ... e 932
1952....... 626 728 1956. 955 989
1853....... 609 777 57, ... 1,107 1, 062
1954, ... ... [ 838 829 1958....... 1,147 1,105
Barley

The barley acreage is explained by the RP model with the same degree
ol accuracy as cotton; the average error is 6 percent. However, 1the
circumstances are quite different. Barley is a relatively unprofitable
crop grown in rotation and frequently on land that is unsuitable for
high-value row crops.

Because of the low returns on barley, the RP estimates equal the crop’s
lower bounds in all but the 3 years, 1951, 1954, and 1955 (fiz. 3). The
low estimates in 1952 and 1953 are associated with 1the already mentioned
overestimation of cotton acreage.

The barley acreage for 1954 deserves special comment, The actual
acreage increased from 178,000 1o 253,000 between 1953 and 1954, due
chiefly to the restoration of cotton allotments in 1954. Farmers, faced
with the problem of huw 10 use land f{ormerly in cotton, had several
alternatives; but the expansion of most other crops was limited by such
things as know-how, specialized equipment, and the uncertainty atiached
to abrupt changes in the cropping plan.

Barley, though not the most profitable alternative, was a long-estab-
lished crop of sizable acreage which could be expanded rapidly onto
diverted land,  The RP model shows an increase in the barley acreage
from 154,000 1o 243,000, 'The 1954 estimate was 79,000 acres above the
crop’s lower bound: # differed {rom the actual acreage by only 10,000,
In contrast, the regression estimate in 1954 was only 233,000 acres.
Thus the P model results add support to the hypothesis that under
conditions of radical change, the RP approach is more appropriate than
regression.

In the next few years, as farmers adjusted to allotments by expanding
the acreage of alternatives with higher returns, the difference between the
In 1956, the lower
Thus, the RP model explains reasonably well

estimated and minimum acreage of barley narrowed.
bound was again effective.
the region’s actual pattern of crop adjustments in response to cotton
allotments.

Despite 1he advantage of the RP model in a few selected years, the
regression maodel is c¢learly superior on an averuge over the B-year test
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period—3.5 percent average “‘error” versus 6.1 percent for the RP model
(table 4).

Again, the regression model provides a rigorous test criterion with an
F® of 0.91 (table 5). The most significant independent variable in the
equation is &, which represents the diverted acreage effect of controls
on other crops. This is probably quite realistic. The barley acreage
seems to be determined 10 a large exent hy the cotton acreage, while
the converse is not true. The one-way relationship is particularly
rele ant on the Westside, where there are relatively few alternative
crops.

Table 4 shows that the RP model explains changes in production more
accurately than the regression model (5.2 and 7.9 percent average etror,
respectively). Although the RP model underestimates acreage in all
but two years, these errors are offset somewhat by a slight overestimation
of average yields.

Alfalfa Hay

The RP acreage path estimated for alfalfa bay follows a pattern similar
to the one estimated for burley. The county estimate is at the crop’s
lower bound in 1951-53; somewhere between the two bounds in 1954-55;
at the upper bound in 1956-57; and between the two again in 1958.
This partern, as with barley, is due to production on diverted acres
following the reintroduction of aliotments on cotton, wheat, and rice.

Again, the regression analysis provides a2 very good fit to the data
for the period as a whole with R*=0.95 (table 5), and gives an average
error of estimate of only 3.4 percent as compared to 12.9 percent for the
RP model. The RP model improves its relative position somewhat in
the production comparison but is still decidedly inferior to the regression
maodel,

The remaining nine crops are far less important than cotton, barley,
and alfalfa hay in terms of acreage. Nevertheless, the results for these
other crops are discussed briefly, since they do provide further evidence
of the relative reliability of the RP and regression mcdels and illustrate
differences not vet discussed.

Wheat

The RP estimates of wheat acreage follow the actual downward trend,
but they badly overestimated the zctual in both 1951 and 1952 and
underestimated it in 1953. The regression model also has sizable errors
(R°=0.68, 1able 5). After 1953, whear allotments were in effect, and the
RP model correctly specifies that the full allotment was planted. For
the reasons explained for cotton, the regression model is inappropriate
for direct estimates of acreage under allotments.

Table 4 shows that the RP model overestimates total production
during the allotment years. The reason is apparently that high returns
on wheat cause more acreage 1o be planted on soil type 1 than seems
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likely, another example of one of the aggregation problems which are
not solved in the RP model.

Alfalfa Seed

This crop expanded from 7,000 1o 62,000 acres during the test period.
Both the RP and regression estimates parallel this growth with reasonable
accuracy. The average errors are 11.1 and 12.5 percent, respectively
(table 4). The upper bounds in the RP model are effective in 5 of the
8 years,

The year 1955 is an interesting one in that the actual acreage more
than doubled between 1954 and 1955. This shacp increase exceeded the
average rate of change by a substantial margin. The upper bound,
though it permits a high degree of flexibility, could not allow for this
actual change. One reason is that 1954 and 1955 were not included as
observations when esiimating the upper bound coefficients for uncon-
trolled crops because of the unique adjustments to cotton allotments.
As explained euarlier, a “diverted acreage share” was added to the upper
hounds in those years, a procedure that obviously underestimates the
actual diversion to alfalfa seed in 1955,

Contrary 1o the earlier hypothesis, 1955 was a vear in which the
regeession equation for alfalin seed provides a better estimate under
conditions of sharp structural change. But the relative accuracy of
regression is due partly 1o the fact that 1954 and 1955 were included
as observations, and their uniqueness accounted for by the variable, G,.
As a consequence, the regression estimates reflect actual diversion in
those years.

Alfalfa sced is a relatively profitable crop, and for this reason it is
placed largely on soil 1ype 1 in the RP solutions.  This allocation explains
the model’s 1endency to overestimaie sced production, exeept for years
when the acreage is sufficienily below the actual 1o offset the error.

Sugarbeets

‘The beet acreage was under quotas, or otherwise restricted by processing
limiig, throughout the test peried. The RP model correctly allocates
acreage to this crop up 10 the maximum allowed. Production is over-
estimated because the model places this relatively profitable crop entirely
on soil type 1 in every solution. Obviously, some restrictions were
needed 1o aceount for the fact that all quotas were not on soil 1; unfortu-
nately, no data were available and any restriction would have been ex-
tremely subjective. A comparative sugarheet regression model could
not be fitted due to the historical limits on free movement of the beet
acreage.

Grain Sorghum

Like alfalfa seed, this crop expanded considerably between 1951 and
1958 due to allotments on other crops and the profitable adoption of
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hybrid sorghum. Because of the strong time trend, the regression model
has a very good fit (R*=.0.97, 1able 5). However, the crop acreage
Auctuates widely in the RP solutions, with large underestimations of
acreage in 1954, 1956, and 1958. As pointed out in the next section,
these errors appeac closely related 1o overestimation of feld corn acreage.
Production estimated by the RP model is consistently below the
actual, not only because of low acreage estimates but also because
sorghum is placed chiefly on suil types 2 and 3. When this crop
appears on soil type 1, it is double-cropped with barley, resuliing in
sorghum yields less than those for single-cropped grain sorghum.

Field Corn

The RP estimates of corn acreage also fluctuate considerably. The
estimates for 1951-54 equal the crop’s lower bound, while those for the
remaining yeurs equal the upper bound. The acreage errors for corn
and grain sorghum appear to be closely related. For example, sorghum
is underestimated in 1956 and 1958, while the model’s eorn acreage in
these years is substantially above the actual data. When sorghum
acreage is slightly overestimated in 1955. the corn estimate for 1955
alsc is below the actual. These relutionships atiest to the fact that
grain sorghum and corn are close substitutes.

The RP model is very sensitive to slight changes in net return ratios
between these two crops in the 1954-58 period. Thus, despite the large
individual errors in unnual acreage estimates of corn and grain sorghum

by the RP model, the wial acreage estimates of the two crops closely
approximate the actual:

1935 1956 058

Acres af corn plus grain sorghum

Totzl setusl 22,000 23, 000 38, 180
Towel RP. ... oo 23,273 26, 3l 35,661

Deviation -1,273 3,911 2,519

The regression equation for field corn, although a better predictor than
the BP acreage estimate for corn, just shown. was alsc not particularly
successful in predicting the sharp actual acreage changes between 1954

and 1958.
Rice

Acreage allotmenis on rice were instituted in 1935. The RP and
regression estimates follow the actual growth through 1953 quite closely.
although 1he 1954 RP estimate exceeds the actual by 19,000 acres (fig. 3).
The 1954 error is largely due 1o an overestimation of the extent to which
cotton allotmen:s induce increased rice production. The model specifies
rice as one of the most profitable alternatives 1o cotton in the use of soil
type 2 and ircigation water.  Again, the regression model is inappropriaie
after rice allotments were imposed.
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Melons

Melons are a profitable specialty crop on the Westside, produced for
eastern markels in a semi-institutional arrangement.  That is. the total
acreage is informally restricied by the growers to maintain price and
market conditions. Such [actors are accounted for by upper bounds.
But in this case the bounds. which are effective every year, apparently
overestimate the institutional limits on change.

The regression equation is again more accurate (table 4}, afthough it
{ails to explain as much of the variation in acreage (R2=0.59, table 5)
as the equations for other crops.

Dryv Beans

Both models explain the upward trend in the bean acreage. Upper
hounds are effective for the RP model throughout the test, as the crop has
fairly high retierns.

Alhiough the RP estimates show a sizable percentage error in 1952-35,
pechaps it is unwise to take this error 100 seriously due to the small
acreage involved.  For example, a deviation of only 212 acres in 1952
sields a Zd-percent error, whereas the deviation of 254 acres in 1956 is
only 8 percent in crror.  Measures of accuracy, like the percentage devia-
tion. tell only a part of the story.

Despite the close fiL (R?=0.98), the strongest association in the re-
gression model is between X, and Xy, because of the strong time trend.
The gross-returns coeflicient is negative for the first time, contrary to
expeclation.  The RP model would seem 1o be structually superior Lo
the simpiified bean equation beciuse it recognizes the imterrelation of
erop profitabilities and restraints such that an increase in acreage can be
consistent with a decline in price or returns.

Irrigated Pasture

The RP acreage path for this crop further illustrates the effects of
allotzients on alternative crops.  The pasture estimate equals the crop’s
fower bound in 19515t increases 10 the upper bound in 1955 and 1956,
fulls between the two bounds in 1957, and declines to the lower bound in
1938, This adjustment enrresponds 10 changes in the acreage of barley
and allalfa hay that eecurred when cotton was cut back and {urther time
was needed to expand more profitable alternatives.

Production estimates are derived from the RP model, but due to the
absence of published yield data, the accuracy of the model cannot be
tested.  Production is therelore disregarded. Similarly, the regression
nodet could nol be used 10 estimate pusture acreage and production
because of the absence of actual price data.

Conclusions Based on the Explanatory Test

The lixplanatory Test shows that the RP model can lead 1o sizuble
errors when actual erop acreages do not change radically from one year to
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the next. Regression seems more appropriate under these conditions
because of a continuation of previous conditions. There is some indica-
tion that the RP model may he more effective when sharp changes ocecur.
The most obvious examples are the estimates for cotton in 1951 and barley
in 1954. Their relative accuracy is especially significant because eritical
policy questions more often than not are concerned with the response of
major cropg under new structural conditions.

Still, the acreage results in table 4 are not at first sight particularly
encouraging for the RP model. The average regression error for the
8-year period is less than the RP erroc for six of the seven crops estimated
by both models. A year-by-year comparison shows that the average
crop error 15 less for the regression model in every one of the 8 years.

Despite these results, the RP model does have important advantages.
Perhaps most obvious is that it estimates the production of a crop regard-
less of whether that erop is controlled by legislation or operates in a free
market, whereas regression is suitable only for uncontrolled crops. Alsa,
the RP model can be used to estimate changes in a crop like irrigated
pasture where much of the duta guiding farmers’ decisions are unpublished.

Undoubtedly the main advantage of the RP model is that it provides
some idea as to why certain changes occur, going back to the basic produc-
tion relationships and interpluy of eompetitive crops and resource and
behavioral restrictions. Farmers' response to the reintroduciion of
cotton allotments in 1954 and the resultant shift 1o other crops nicely
ilfustrates this point.

The question arises as 1o the importance of the Aexibility restraints in
the RP model. If these upper and lower bounds were always effective,
the upper bounds would always be the predicted acreages of the most
profitable ¢crops and the lower bounds the predicted acreages of the least
profitable.

Empirically, does the model in fact amount to more than this simple
idea? Tahle 7 shows when the specified bounds were effective. For 22

Tapve 7.—Effective Fresno County acreage bounds, Explanatory Test'

Crop i 3951 | 1952 | 1953 E 1954 1 1955 | 1956 | 1957 | 1958

. i | i

f 5 : [ ! )
Cotton. ... ... e [ - S (R b u 1 u L& I P DR
Barley.................. B L LU e L i L L
Alfaifa hay..... ... . . L - L i L ... Lo, U u oo
Wheat......... ... . . .......... L ¢+ U U ; T | U | u
Alfatfaseed. .. ....... ... ... L > C it i Lo ...
Sugurbeets. .. . ..., . U SO T S R S § A | L
Grain sorghum ... ..., .. L L ... U L
Field corn. ... L L L L g v T L
Rice....... e c .......C U r . C
Melons T U U C U LV A 4
Dry beans. .. .. o r v U [ r iU
Irrigated pasture. .. . .. i L. L L L 1 c ... L

L denotes upper bound effective. L denotes lower bound effective.
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of the 96 solutions for Fresno County as a whole (B years x 12 crops),
neither bound is effective. The same bound is effective throughout the
period for only three crops—beets, melons, and beans.

These figures indicate that the RP wodel is more than a set of bounds
on each crop, even though the number of resource and other restraints is
still quite small.  Additional restraints, if they could ke [lormulated,
wouild further reduce Lhe model’s reliance on upper and lower bounds.

The [xplazatory Test strongly suggests that fulure attempts to
predicL farmers’ response should consider the complementary or supple-
mentary roles of programing and regression, This might take one of two
forma:

1. A more refined use of regression for estimating components of the RP
model, especially the flexibility restraints.  The RP nodel would remain
the basic framework, but un attempt would be made to reduce the exces-
sive flexibility or the range of likely response by refined adjustment of
upper and lower bounds.

2. The use of progruming to provide data for regression anolysis.  As
the latter technique is frequently ill-suited for prediction when important
changes in structure oceur, it might bhe possible to estimate the effects
of those changes by programing and then adjust the independent vari-
ables or their historical eoeflicients before deriving a statistical estimate.

Perhaps two qualifications 10 the Lxplanatory Test should be added.
First, the actual published and unpublished data used are themselves
subject 10 some unknown error. Thus, error deviations in prediction
might be quite different from those summarized sbove if the true data
were known.

Second, a qualification should be mentioned concerning the nature
ul the test itsell.  Predictive properties of a model are not casily inferred
from the results of a tesi in which “advance information™ is used. In
other words, the evplenations of change are equivalent to predictions
only under the assumption that subsequent experience was known
before the start of each year, or that this experience was guessed (esti-
mated) correctly. Both the RP anl the regression models use data
through 1938 1o explain changes that oecurred in each ol the years
1951-58.

Results of the Predictive Test (1959-61)

The Predictive Test applied to 1959-61 uses no advance information
other than announced Government program data.  Thai is, the estimates
[rom both the RP and regression models are hased solely on data through
the immediately preceding year. Thus the Predictive Test gives us a
truer measure of model refiability than the Explanatory Test previously
discussed. In fact, the results can be regarded as L-year forecasts or
predictions of the kind that might well have been made at the time.

Ag farmers made plans in the 1939 -01 period. they again had 10 consider
several kinds of Government programs.  Allotments on wheat and rice
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and quotas on sugarbeets were in effect for the entire period. Cotion
controls were altered by the introduction of the “Plan A-B” program
for 1959 and 1960. This program allowed each farmer 1o increase his
acreage of cotton 40 percent over hiz allotment. If he siayed within
the allotment (Plan A), he qualified for price supports at aboul 85
percent of parity. Il he grew more than his allotment {(Plan 13). he was
entitled to a support of roughly I5 percent of parity below the Plan A
price. In 1961, 1he cotton program returned to a standard price-support
and allotment basis. Also in 196, the current feed-grain program was
introduced, affecting corn and grain sorghum (barley was not included
until 1963},

The results of this test are presented graphically in figure 4, and in
tabular form in table 8. A reasonable expectation is that the truly
predictive models would give larger errors of estimate than the explanatory
models. However, a comparison of table 8 (Predictive Test) with table
4 (Explanaiory Test) shows that this decrease in accuracy is not marked.
Overall, for the seven crops estimated by both models in both periods,
the error in predicted acreage increased from 30 percent 1o 37 percent
for the RP model and from 13 percent to 28 percent for the regression
model.

On this overall comparison, the RP model has decidedly improved its
position.  The two models are quite comparable in 1959 and 1961 (1able
8); the regression model has a decided advantage only in 1960. Also,
in terms of individual crops, the RP model predicts more accurately
than the regression model for three of seven crops in 1959-61, compared
with only one of seven crops in the 1951-58 period.

To obtain the regression estimates for this test, the following pro-
cedures were used. T'o predict for 1959, regression model (3}, X,=a
-i-bX‘_,-i-r.'f{,-FdC,-l-e,, wue fitted to each of the crops through 1958.
These equations have been summarized already in table 5 for the Fx-
planatory Test. Tables 9 and 10 show the regression equations fitted to
data through 1959 and 1960 and used to predict for 1960 and 196].
Again, high R® values are generally obtained, but a comparison of the R
vilues with the errors of prediction in 1able 8 serves as a good reminder
that 2 high R* may be primarily a "test of the investigator’s patience”
cather than a reliable indicator of future predictive power.

Participation in the Cotton Plan A-B Program

Some of the large errors in prediction by the RP model trace to the
substantial underestimate of farmers’ participation in Plan B ol the
cotton program. One possible reason for the underestimate is that
noneconomic factors may have been important—such as the hope that
the expuanded acreage might be used in computing future base acreages.
Perhaps a second major reason is that there is no guarantee that the
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expected prices used in the model approximnate farmers’ true expectations
under a radically differeat program,

The expected model price for Plan A cotton in 1939 was 34.1 cents
per pound of lint. This is the actual price received in 1958, used
instead of the announced loan rate (33.3 cents) on the assumption thu.
farmers expect higher returns in ithe market.” The Plan B expected
price used in the model is 28.2 cents, which bears the same relation 1o the
expected A price as the rutio of B 1o A loan rates.!®

An investigation of the relative net returns per acre {rom Plan A and
Plan B activities shows that a very slight price increase for Plan B
relutive to Plan A would have improved the estimates. In 1939, for
instance, only 2 of the 18 Plan B activities show higlisr returns per unit
of allotment than the corresponding Plan A activities.  But if the expected
Plann B price were increased by only 1 cent, from 28.2 10 29.2 cents per
pound, nine of the Plan 13 activities would have been more profitable
per unit of allotment than the corresponding Plan A activities. In
1960, a 1.cent increase in the Plan B price would have shified the number
of more profitable B activities from zero 1o five.

T'o investigate the effect that higher price expectations for both Plans
A and B may have had on the results, cotton prices in 1959 were varied
upward using parametric programing to see what changes oceurred in
the acreage and production forecast by the RP model. The same A-B
prive differential of 5.8 cents was used throughout, although 1his implies
that as the expected price level rises, Plan B becomes relatively more
attractive {1able 11}, and the proportion of tuial acreage in Plan B
colten as well ag total acrealre ctpdnds

Figure 5 and table 11 show that the RP model acreage forecast for
cotton passes the actual figure in 1959 only when the A price is 41.8 cents
und the B price is 36.0 cents, and in 1960 when the A price is 43.3 cents
and the B price i 37.4 cents. But even though these are well above
previous prices, they may zpproximate the relative value farmers attached
to cotton under a completely different program. Alse, it is likely that
eeonomies of seale in operating a larger cotton acreage would encourage
expansion,

As the price and sereage of cotton increased, the acres of other crops
also changed.  The question is: Did 1he higher cotion prices improve the
?  Tor 1959, only the sorghum and
rice cstimates were more accurate. T'he new solution includes 11,736
acres of sorghum, slightly less than the actual 13,000 acres but closer than
the original estimate of 16,242, The rice estimate declined to 18,849,
compared 1o 19,978 initially predicted and an actual acreage of 18,000,

model’s estimates of alternative crops®

M Between 1954 and 1959, the wyerage price received did in fact exceed the loan
rate i every year except 1953, 57, and 1958, y
33.31 31 PLOS
B The Plan B prive s derived from the equation, o7 > -, where 33,31 and

61 70 price price
22,60 are the 1959 doan rates oo Plans A and B cotion and 3406 s the expected A price.
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GRAPHIC COMPARISON OF RP AND REGRESSION
RESULTS, PREDICTIVE TEST

—— Acival
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Figure 4, Part 1
! Production estimates = predieted zeres, adjusied for average past abundenment,
times expected yiclds per barvested aere,
* Expected yields nsed w rampute BF praduction estimutes= (0.25) (firs1 yeur
Fiehl}-+10.73) (muture ¥ield),
3 Expeeted viehls used o compute I prodoetion vatimales=(0.33) {first yeur
yield) = (0.67) Goature yield).




GRAPHIC COMPARISON OF RP AND REGRESSION
RESULTS, PREDICTIVE TEST
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Figure 4, Purt 2
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"ABLE 8.-—Percentage deviction of “predicted” Jrom “actual” crop acreage and production, Fresno County, 195961
[ACREAGE]

Cottoin

Barley

Alfalfa : hay

Wheat

Alfalfa seed

Sugarbeets

RP

Re-

gression

Re-
greasion

Re-
gression

RP

Re-

gressioii

RP

Re-
gression

RP

Re-

gression

RP

10.6
15.5
0

19.1
16.5
19.6

0
0
19.9

8.7

18. 4

6.6

Grain'sorghiim |

Field corn

Rice

Melons

Dry beans

Irrigated
pesture

7 crops?

RP

Re-
greasion

Re-
gression

gression

Re-

Re-
gression

Re-

gression

RP

Re-
gression

Re-

gression

RP

170. 4
24.7
51.6

1.2
62.3
37.1

12.7
22,7
28.5

38.0
21.0
25.0

82.3

33i 5

21.3

28.0




[PRODUCTION]

Cotton Barley Alfulfu hay Wheat Alfalla seed Sugarbects

.I
RP | Re- RP Re- RP Re- § RP Re- RP | Re- RP Re-
ression gression gresgion gression : gression gression
i ;

)
8471 30.9 1 370
7.8 21,31 102.8
107.5 | 20.5) 45.3

90.0 27.2 61.7

st oot e i e

Grain sorghum - Field corn Rice Melons Dry beans livigated Average of
pasture 7 crops?

Re- Re- RP Re-
gresgion gression

RP Re- RP Re- RP Re- Re-
gression BressIONn gression gression gression

16.5 136.7 {181.6 17. 8] a4.0 24.9 . 98. 8 58. ¢ e 58,7 37.4
58.5 4,5 {291.9 69.0 | 43.3 36.2 .97 69.0 5. ; 79.0 17.3
69.2 32.8 { 64.6 49.2 | 32.3 22.3 25.1 1 6.0 33. .} 43.6 28.0

32, 60, 4 217.6

Average 48,1 58.0 {179.4 45.3 [39.9 27.8 9.6 57.9

expressed as a percent of the actual.

i The difference between the model estimate and the actual value,
field corn, melons, and dry beans).

2 Seven crops estimated by both models (barley, alfalfa hay, alfalfa seed, grain sorghum,
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COTTON ACREAGE FORECASTS, 1959 AND 1960, USING

ALTERNATIVE PRICE EXPECTATIONS
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Figure 5

In 1960, the increased cotion price substantially improved the estimates
for corn, beans, and pasture and only slightly worsened the estimate for
wheat; all other c¢rop estimates remained uwnchanged. Overall, the
change in cotton price brought the percent forecasting error equal to that
of the regression analysis in 1959 {38 perceni) and slightly less than for
the regression analysis in 1960-—16 percent versus 21 percent (table 12).
Of course, thir is more an illustration of why the errors occurred in the
RP model than a true test of its performance relative to regression analysis.

48




TaBLE 9.—Regression equations used to forecast 1960 acres !

) Stand-
Crop Equation 2 lard error
of X/

(1,000
* acres)

X/= 90.873-+0. 310X, 4-0. 504R,--55. 418G, | 0. 14. 008
(2. 257} (1. 655) {4, 724)

*
X/=  9.075+0.856X,~,40. 008R,+11. 612G,
(8.833)  (L.400)  (3.411)

*
X!= —5.40340. 890X, -+0, 031 R,+11. 180G,
(9.374)  (0.692)  (2.813)

*
Grain sorghum. . .| X/=-10. 366+0. 524X ,.,4+0. 192R,{ 5. 782G,
(2.624)  (1.427) (L 858)

*
Melons Xi= 978340 106X, ,1-0. 005R,+ 3.4206C, | 0.61 1. 952
{0. 458) {0. 708} (2. 369)

* .
X/= —5.24740. 181X, 4+ 0. 083R,+ 4.320C, | 0. 79 2,332
(0. 883) {2. 343) (2. 530)

*
X/= 0.3674+0.858X,—,—0.002R+ 0.829G, | 0.92 | 0.647
(6.642) (—0.206) (1.817)

! Variablen are explained on pages 21-22.  Data used: 1946 throulgh 1959. Numbers

in parentheses are t-ratiog. Tabled t-value {2-tail test, 5-percent level)=2228.

Participation in the Feed Grain Program

It is interesting to see how well the RP model predicted the response
of farmers 10 the voluntary Feed Grain Program in 1961. As mentioned
earlier, the program gave each farmer the option of reducing his acreage
of sorghum or corn down to 60 percent of his historical base acreage in
return for diversion payments on the idle land. This program is repre-
sented in the RP model by additional activities for possible combinations
of produced and idle acres, and by base acreage restraints on each side
of Frezno County.

Fresno acreage participation in the 1961 program was relatively minor.
ASCS data show 5,968 acres “'parlicipating”—or idled as a result of the
program (table 13). The RP model forecasts 6,735 idle acres—or only
767 acres more than the actual. Ifowever, this occurs because of
offsetting errors in the forecasts for corn and grain sorghum separately.

All of the participating acreage forecast by the model is of soil type
3. This would be in line with adjustments that farmers would be ex-
pected to make, although the actual diversion undoubtedly involved all
types of s0il. The model shows that other ¢crops out-compete sorghum
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TasLe 10.—Regression equations used to forecast 196] acres !

Stand-
Crop Equation 12 lard error
of X;
{1,000
. acres)
Barley.......... X/= 93,1734+0,293 X+ 0. 513K ,+54. 049C, | 0. 90 14. 515
(2.068)  (L.629) (4 461)
*
Alfalfu hay...... X/ = 7. 77510, 872 X 0. 008 R, 4 11. 430¢, | 0. 97 4. 235
(10.410)  (1.473)  (3.530)
*
Alfalfa veed...... X/ = —i, TT84+0. 838X 0. 029R 4 11. 664C, | 0. 96 5. 494
(9.009)  (0.620) (2. 794)
*
Grain sorghum,..| Xj= —10 13140.525X, -0 188R+5. 417G, | 0.73 4.578
(2.710) (L 444) (L. 833)
*
Melona.........| X;= 5. 089-40. 308X, -0, GDOR -3, 05C, | 0. 63 2.330
(1. 235} {1.193) (L. 785}
E
Field corn...,... Xi= —5.#l+0. 163X, ,+0, 086K -1 3.992G, | 0.76 2.389
(0.778)  (2.368) (2. 310)
*
Dry beans,..... X = 0. 43440. 832X, —0. 002 R4 0.840€, | 0.92 0. 626
{7.232) (—0. 268) {1. 907}

! Yariables are cxpluined on pages 21-22. Data used: 1946-60. Numbers in
parcntheses ure t-ratios,  Tubled t-value (2-tail test, 5-percent level)=2,201,

and corn on the higher quality soils and, because of the relatively lower
yields and higher unit costs of producing sorghum and corn on soil type
3, the net returns from participation are apt to exceed those from non-
participation. In addition, when a portion of soil type 3 is idled, irziga-
tion waler is releagsed to more profitable crops on the better land.

Conclusions Based on the Predictive Test

An important cause of forecasting error in the RP model again traces
1o the interrelation of crop returns in an optimizing framework restrained
by reasonably wide upper and lower bounds and a limited number of
resources. The result is particularly evident in the problems for 1959
and 1960, where the model underestimates cotton acreage under the Plan
A—B program. The model’s overall accuracy is improved somewhat by
raiging the prices of A and B cotion and by giving Plan B an increasing
relative advanrage in the process. This suggests the critical importance
of learning more about how farmer expectations are formulated.

While each of the single regression equations nsed in the analysis are
independent of errors in the estimates of other crops, they need to be
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TapLE 11.—Cotton acreage and preduction forecasts for 1959 and 1960
using alternative cotton price expectations '

RP mode! data Forecaats
Plan A price Plan B price Plan A Plan B Total Total
per pound per pound acres acres dores producticn
1959 Cents Censs 1,000 bales
34.06 28,23 160, 227 37,839 198, 666 466, 4
36.55 30.72 156, 507 43, 046 199, 553 470. 0
36.71 30. 88 154, 815 5, 414 | 240,229 471. 7
36.80 30.97 147, 574 33,553 208, 127 479.1
37.04 31.21 119, 055 67,480 206, 535 487, 8
37.48 31. 65 132,932 76, 050 208, 982 493. 8
37.04 32.11 126,177 85, 509 211, 686 500. 4
41,04 35.21 124,131 88,371 212,505 502. 5
41,16 35.83 113,126 103, 780 216, 96 513.7
4180 35.97 45, 500 142, 457 227,957 341.9
1960
32.16 26,27 138,349 67, 932 206, 281 499, 0
32,70 26. 81 122, 491 89,573 2132, 4064 514. 5
33.49 27.60 117, 342 97, 342 214,684 5200
36.96 31. 07 143, 621 116, 351 220,172 534.3
31.01 3172 93, 852 130,227 | 234,079 544, 1
37.69 31.80 43, 560 144,636 | 228, 196 554.8
41,40 35.51 75,859 155,417 | 231,276 5628
42,25 36. 36 36, 443 182,599 | 239, 042 582.2
12,40 36.51 48, 253 194,065 | 242,318 590. 4
43.32 37.43 41,773 203,137 | 244,910 596.9

! Actnal acres in cultivation, July 1, were 221,500 (1959) and 244,060 (1960). Actual

production was 503,400 bales (1959} and 515,860 bales (1960).

Tapue 12.—Changes in model accuracy using higher cotton prices

1959 1960
Crops
Initial Final Regres- ¢ Inidial Final Regres-
P RP sion RP RP sion

solution | sobution ! solution | selution !

Deviation {rom actuai acreage {percent)
All erops....... .. 26 2. 33 5
Teropa. ... ‘ 0y 38 38 49 16 21

i

! Selution where the eotlon forecas) passes actual acreaze.

qualificd by their statistical reliability. Sixty-three regression coefficients

were estimated in the test (7 crops 33 years X3 variables).

Only 28

of these—Iless than half—are “significant™ at the 5 percent level of con-
filence, according 10 the i-test (2-tail).
cflicients for X,_; (hence, usually related to time trends) and G, The

All but 2 of the 28 are the co-
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TaBLE 13.—dctual and RP model forecasts of participation in the 1961
Feed Grain Program

Sorghum Total

Actual: Heres “eres
Participation t 4,238 5,968
Produced 11,406 16, 400

15,638 22,368

RP model:
Participation 2,727 &, 733
Produced 4, D90 19,101

6,817 16, 836

P Totai county data, courtesy Fresno ASCS office.

_;{, coeflicients are gererally nonsignificant statisticully. Alternative
equations—curvilinear or with different variables—might have yielded
coefficients having a higher degree of confidence, but this is no guarantee
of greater predictive power.

In short, neither model does u particulacly outstanding job of real
prediction, as opposed to explanation. The regression analysis is still
slightly superior, but the RP model has probably improved its relative
position. Again, it should be noted that the RP model provides at least
some estimale of controlled crops, whereas the regression wodel is inap-
plicable in these circumstances.

Results of the Projection Test (1960-63)

So far in this analysis we have applied the RP and regression models to
the problem of explaining historical chanrges from one year to the next (the
Explanatory Test for 1951-58) and 10 the problem of forecasting or pre-
dicting one year ahead (the Predictive Test for 1959-61). Explanations
of pust response and L-yeur forecasts, though they fill a pressing need, are
not nearly as critical for certain policy problems as estimates of intermedi-
ate or longer-run response. I'or example, there 15 a continuing need for
time-dated estimates of the longer-run effects of a particular program or
the readjustments 1o removal of 2 Government program. Further pro-
jections may anticipate areus in which a problem requiring policy might
develop-—such as a prospective surplus or shortage of certain commodities.

At the present time, S-year projections are made annually by the
tconomic Research Service of the US. Department of Agriculture.
These are made on the basis of several techniques of analysis including
judgments of informed commmodity specialists. The purpose of the Pro-
jection Test, therefore, is to see il RP models might be a useful addition
to the current set of longer-run estimating tools,
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The Projection Test involves making a series of forecasts recursively
year-by-year to 1965 for hoth the RP and regression models. Obviously,
this is not a test in the strict sense of the term because the solutions can-
nol be compared with actual data for the latest years. However, some-
thing can be learned in general about the characteristics of the models
from inspection and comparison of the results over time.

Twu sets of projections are made: (1) By solving 2 series of year-to-
year problems through 1965, based on data through 1958 {called Series 1);
and (2) repeating the process based on data through 1959 (Secies 2). The
results for both models for 1959 (the first year of Series 1) are the same as
the forecasts that year deseribed under the Predictive Test. Likewise,
the estinates for the first year of Series 2 are the forecasts for 1960. RP
solutions for cach of the subsequent years use projected data and are
based on the solution for the preceding year, ruther than actual data.

U pper and lower boundz are computed recursively, applying the ortginal
set of flexibility coeflivients 1o the solution ucreages. (hther restraints
are assumed or projected frown the base years, 1958 and 1939, as explained
in the appendix.  Allotments on wheat and rice are equal to those for the
first year of cach series. The muximum acreage of sugarbeets is the com-
puted bound. or the highest preceding acreage since 1951, whichever is
lower., The melon aereage cannot exceed 23,000, or the eomputed bound,
whichever is lower,  The model assumes no allotments on cotton afier
F960. the lust yeur of the Plan A-B program. although computed bounds
are inclwded. Thus. the results might be taken as an estimate of the
effects of removing cotton allotments in Fresno County.

Enputs, costs. and yields are projected data which change from one year
to the next. “Ihe expected prices for each series remain the same.  Except
for cutton, these are the average prives received in the d-year period,
1935-38, for Series 1 and 195639 for Series 2. The price of cotton lint is
80 percent of the d-year average —20.1 cents per pound lor Series | and
25.9 cents for Series 2. "The lower price level represents either the price
expeetations that would have accompuanied an end to alletments, or a
support level that might he applied. despite the lack of acreage control,
in order to ease Ltransition to a freer market.

Year-by-year projectioas to 1965 from the regression analysis were
made as [ollows: The original equations fitted to data through 1958 and
refitted 1o data through 1939 were used as the basic equations for Series |
and Series 2. respectively.  Price and yield projections (hence gross
returns) are the same as those used in the RP model. The predicted
acreage sulue for each year becomes the independent variable in the re-
gression equation for the next year. This provedure is essentially the
same as using e RP results in year ¢ as data lor year 1 1; thus the two
motels are comparable techniques of projection.  The absence of cotion
controls is treated in cach regression equation by setting G,=0 (G, is the
0-1 shift variable denoting the effects of acreage allotments).




Results of the Projection Test, limited in the discussion to acreage,
are surnmarized for 7 of the 12 crops in figures 6 and 7. A more detailed
graphic presentation for each of the 12 crops appears in fgure 8. Cor-
responding production figures are available on request.

Projections Made Using the RP Model

Results of the RP model show cotton acreage iucreasing sharply after
controls were removed in 1961, but the upper bounds are not effective
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except at the start of each series. In fact, the discrepancy between the
bounds and the projected cotton path increases each year.

In terms of the programing mechanism, there are two important
reasons for the increased discrepancies. First, the lower bounds on
alternative crops do not decline fust enough to allow cotton 1o expand
at a hisher rate, Second, effective limits on the production of cotton
that can be harvested mechanically foree hand-picked cotton to compete
with other crops; and us noted in the Explanatory Test, some of these
alternatives are quite competitive on the poorer soils.
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GRAPHIC COMPARISON OF RP AND REGRESSION
RESULTS, PROJECTION TEST
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GRAPHIC COMPARISON OF RP AND REGRESSION
RESULTS, PROJECTION TEST
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GRAPHIC COMPARISON OF RP AND REGRESSION
RESULTS, PROJECTION TEST
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GRAPHIC COMPARISON OF 8P AND REGRESSION
RESULTS, PROJECTION TEST
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The projected cotton paths suggest important policy implications.
Suppose, for example, that in 1958 or 1959 there was some concern as 10
how fast cotron might expand with no controls alter 1960 and what
effect 1this expansion would buve on alternative crops.  Pigures 6 and 7
show that cotten does indeed expand but probably not as much, or s
[ag1. as might be expected.  The projected rates of increase are as follows:

Series | Series 2
Betwwery— Percent
1960 and 1961 . ... . L 29 2%
1801 und 1962 . . ... . R 23
1902 and 1963 . . . . 13 15
7

1663 wod 1964 ... L 10
1964 aud 1965, . . . ... . .. .. 8 6

Cotton allutments prevailed from 1954 through 1960, according to test
agsumiptions. During that period a number of alternative crops were
expanded to offset Lthe reduction in cotion acreage. The expansion of
cotton without controls would logically depend on how fast farmers
would shift out of alternatives. By 1961, many of the alternatives had
become well established.  Farmer skills in producing  them  had
undoubtedly increased. ws id the yields, partieularly of erops like
sorghum. The RF acreage paths are quite in accord with these
developments.

Crops like alfalfa seed, corn, melons, and beans do not always lollow
their lower bounds, especially in Series |, Instead. they show periods
of increasing acreage, Only three crops remain at the same bound
throughout the period.  Alfalfa hay and pasture are at their Jower bounds
throughout; surarbeets retain at the upper bound, in every vear except
one. Corn and beans begin each series at their upper bounds but decline
o the lower limits by 1965,

Other crops do not follow any particular pattern.  Barley begins at
its lower bound but ends the series above the minimum. Sorghum
begins and ends at its lower bound but shows | or 2 years between bounds
in the middle of the series. “These shifting arreage paths could be ex-
tremely important for poliey purposes,  They indicute clearly that ex-
pansion or contraction of individual crops affect. and are affected by,
the responses of all other erops.

Comparative Regression Results

Although a direct comparison is not made graphically. it is interesting
to cotnpare the RP estimaies Jor cotton with those derived using three
recression equations fitted to preallotment data {1940-53):

*
(1) X, = 178403+ 0. 150X g+ 1.924 P+ 19,2787
(0.267 (2.141)  (0.617)

*
() X7 2407294 27T N ey + 3,650, - 0.523 .4,
{1.591) (L079)  {2.089)

*
(3) N, - 189519+ 0.400X o, +0.522 R, + 0.3724,
(2857 (2.330)  (1.942)
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These equations are used 10 estimate year-to-year changes in the cotton
acreage, starting with 1961, using ihe 1960 acres estimated by the RP
model as the first value of X,—, for Series 1 and 2, and using 1he Series 1
and 2 prices, projecied yields, and land areas. The resulting estimates
are comzpared with the RP series in 1able 14. Equations 1 and 3 result
in acreage paths above those projected by the RP model, while equation
2 provides & somewhat lower path.

TaBLE 11.—RP and regression estimates of cotion acreage, 1961-635

Series 1

Series 2

|

Equation Equation

|
L2

3

1,000 ucres H 1004 ucres
423 ;. 324 361 | 262 ; 422 321

481 ¢ 361 427 313 ;. 4% - 357
310 ; 37 ¢ 436 360, 508 ; 37l
5310 382 - 450 396 5331 37
558 . 386 478 . 420 0 556 l 383 ]

; : |

The actual colton acreage increased dramatically during the observa-
tion period 194633, when allouments were not in effect. except in 1950.
In a problem requiring the estimation of acreage ufter aliotments. his-
torical preallotment observations may be the only appropriate regression
data. However, the time elapsed between the preallotipent and post-
allotment periods would reduce the confidence one could place in the
results of all three equations.  As it is difficult to select any one set of
regression estimates as the most reasonable, and there are no actual data
for comparison, the “test” is inconclusive.

Additional comparisons for all crops illustrate several points worth
mentioning even though a final "test” is also impossible here. In general,
the regression paths are relatively smooth in a given direction after 1960,
Many of the regression estimates decline in 1961 when G, changes from
110 0. “They then follow & path with no change in direction because the
regression results are independent of the acres projected for every other
crop. The comparison shows that the interrelation between crop returns
and restraints must be recognized to predict changes in direction. like
those illustrated by a few of the RP paths.

In 2 number of cases (barley, altzlfa hay, alfalfu seed, and field corn},
the general trend of resubts is the same for both the RP and regression
models. However, the 1965 Tend point” projections for each crop,
exeept rice, seent to be more variable for the regression analysis; that is,
more sensitive to whether the projections are made from data through
1958 or through 1959. This is particularly noticeable for alfalfa seed,
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grain sorghum, and dry beans. For the latter two, the long-cun 1rend
is even dlﬂ'erent for the two series. Thus. the RP resubis appear 1 be
a bit more stable. undoubtedly due to the Hexibility restraints. There
would appear to be an advamage to 2 long-run predicting technigue
which is net quite 5o sensitive o the adl.’mon of 1 yvear’s data.

Comparative Accuracy of Estimates for 1960

A question vonrorning any recursive lechnique is how much aceuracy
15 JusL a5 the system is regenerated over o series of years.,  Because each
new problem s not udjusted for the actual outcome in year -1, but is
based on 1he preceding solution. errors for each crop may accumulate,
The longer the series. the greater is the potential decline in accuracy,

The question of relative aceuraey cun be answered partiaily in this test
by examining the results Tor 1960, Four different sets of estinmales are
compared in table !53¢ these are the RIP and regression estimates made
from base years 1938 and 1959, The 1able shows that the percentage
deviations from actual data are substandially larger when the estimates
are made 2 years ahead. instead of 1, repardless of which model is used.
The average R error Jor the seven crops is 49 percent. looking | year
ahead, but 120 pereent when made 2 vears aliead.  Corresponding
average errors for the seven regression equations are 2) amd 78 percent.
However. il ficld vorn is retnoved from the comparison {# crop for wihich
the RI estimates are extremely poor), there appears 1o be littie basis for
selecting one technique over the other according 1o this test.

TasLe 15. —The relative aecuracy of 1960 ucreage estimates using 1958 and
1950 a5 base yeurs

Crop :
: i

i RP ; Regression |

1958 buge l 1959 base
i ) .
i RP Regression

Deviuation from actual {percent)

i }

Cotten. .. . . . . T - 1 O [ st oo
Barley. ... . . . . . ... 1.3 1 9.3 ‘ 1.4 3.8
Alfulla tay . o X% 3.8 4.5 1.5
Whear, : o O I VA oL
Affulfa geed . . . 38.3 43. 6 26,9 1 16.5
Sugﬂrbec[.-;. . . . - A/ .. 0
Grain sorghuny . S e 2661 520 24.7
Melons . A - - 25.7 0,2 2.7
Kiee . . . . T - 13.8 ... ... 1375 ...
Field corn . 588, 9 8.4 242 | 623
ey beans . S 120,49 lgg.2 b 39,6 B.1
Ierigated pasture co123 . R N
Averuge, d” Crops o R 1 T A,
Aversye, e rrens 20 i T R B 21
\vvru- e 7 erops (Ormtllrl" lnrn} 12 W ! tk
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Cotton Supply Functions

For policy purposes we may want to know the position and elasticity
of supply functions at different tine periods in the future. Usually,
this is done from regression equations by projecting values of the “shift”
variables and then looking at the relationship between price and acreage,
or quantity. In the RP model, the year-to-year solutions provide
levels of the shiflt variables. At any poimt in time, supnly [unctions
can be derived by paramelric programing.

I this analysis, the sequential estimating procedure [or the RP model
was interrupted in 1961, 1963, and 1965 1o derive a set of “stepped™
sotton aerezge functions (g, O and fig. 10).  Fach of these short-run
funetions applies only to the acreuge range between the crop’s upper and
lower bound.  In figure G, for example, the 1961 function begins at a
price of 13.6 cents, where the lower bound is effective, and ends at a
price of 26,1 cents, corresponding 1o the upper bound of 265,000 aeres,

There are several uses or interpretaiions of these functions. They
might be nsed to help answer policy questions of the following type:
What will be the proballe acreage of cotton in 1961, after the Plan A-B
program, il allotments are removed and prices supported at a given level
fsay B0 percent of parity}?  Ilow much cotton will be planted in 1963 if
the expected {or support) price is maintained at 80 percent of the base
prive in 1961 and 1962, but is lowered to 60 percent ol the base in 19637
How much additional cotlon could be expected in 1963 and 1964, if the
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price i8 not lowered 1o the 60 percent level until 1965? Thege kinds of
questions are familiar to economists engaged in eurrent policy research.

The supply functions in figures 9 and 10 should be more “predictive™
than the usual programing supply functions. In this respect, they are
similar to functions derived statistically. One additional adventazs is
that the RP functions are defined explicitly in terms of years and differ
for each year and in each series. Llasticities are not necessarily the same
for a given price-acreage combination, since the response environment
changes from year to year,

Changes in the acreage and production of alternative crops under
different cotton prices is another important policy problem. This in-
formation is also derived in the parametric analysis, although ouly the
cotton results are discussed.

Conclusions Based on the Projection Test

[t is difficult to draw any definite conclusions from the Projection Test,
since actual data are unavailable. Thus, the following comments are
more in the nature of hypotheses suggested by the results. First, the
RP resubts appear to be more stable through time and less likely to give
cutreme values than regression analysis. Second, the RP resuits appear
te lose no more accuracy by being generated recursively into the future
than the regression results. Third, the RP estimates for individual
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crops can and do change directions due to the interrelationships among
crops, while the regression results tend to be monotonically increasing or
decreasing.

If the region involved were lacger, it would be logical to bring aggregate
demand and supply into the analysis. In the Predictive Test, the solu-
tions to the model for a single region were adjusted for the effects of
aggregate product supplies on product and resource prices by reestimating
these prices each vear, using actual data for the preceding year. In
other words, the cobweb principle was applied in a partial analysis of one
regicn 10 correct for aggregute eflects. When projected solutions for
future years are desired, the same procedure can he followed, but only
1thsough a recursive interregional analysis.

Suppose that an RP model has been developed for each of the major
producing regions of the United States.  To simplify the exampie, assume
that the expected crop prices in each region are the actual prices received
in the preceding year. The sum of regional supplies predicted for year

when superimposed on aggregate demand functions, will generate a
new set of regional prices received. These prices are then used as ex-
pected prices for year i+-1 and the model is re-solved. The new set of
sohutions will feed back new prices, and the process is repeated. The
sume recursive procedure can be used 1o a([]ust the prices of production
resources for aggregate effects.

The regional price for each crop may be determined by first getting a
national market price front the equilibrium of national (predicted) supply
and the exogenous demand curve, and then using the historical price
differential between regions to adjust for transportation costs.  Another
possibiliLy is a two-stage technique whereby the predicted supplies from
earh region are plugged into a separate transportation moidel to determire
product Hows, and hence produet prives for the following year {19).

The main reason why these steps are not taken here is that production
of ¢ach crop in the study area is not a large share of the total supply.

Therefore, it would be impossible to adjust prices and costs for aggregate

¢ffects without expanding Lhe analysis to a lurger area or without making
hold assumptions as to what changes would occur in other producing
areas.  Still, it should be recognized that a similar model for an entire
industry is a possibility that would have considerable usefulness in the
policy field.

SUGGESTIONS FOR FUTURE RESEARCH

As just outlined, the integration of separate regional models into a
“recursive nterregional system’ appears to be a logical direction {or future
rescarch.  But as this study is limited to the first stage of such a develop-
merit, we will concentrate here on research and data requirements to
improve the regional components of that system.




Improvement of Farm Type Representation

Further stratification of the region into subelasses of farms—of the
kind iHlustrated by the division of Fresno into two paris——would 1ot only
isolate differences in input-output relations and other response (etermi-
nants; it would also lead 10 the identification of restraints unique to farm
types. For example, if 'resno farms had been grouped according to their
soil 1ype proportions, rather than on the busis of seography alone, we
would not have needed minimum cotion acreage restraints on soil 1y pes 2
and 3 (the indirect restraints added to prevent ali of the cotion from going
onio soil type 1).

‘The underlying research problem, basic to victually 2l micro-oriented
supply analysis, is 10 determine the conditions associated with homo-
geneity of response among farms and 10 know something about the pre-
dictive errors or biases that accompany deviation [rom homogeneity in
the model’s grouping of farms. Based on this knowledge, we need to de-
fine criteria for grouping farms so as to minimize the aggregation bius, or
at least 5o that we know what kinds of biases we can expect in our results, '8
Recent studies by Day (20), Hardey (28). and Bolion {3} give us consider-
able insight into these problems. Some emphasize that the farm resource
mix, or resource ratios, are critical determinants of homogeneity in pro-
duction response. Perhaps our biggest difliculty is to convert their con-
tributions into operational criteria for stratifying subelasses.

Research on the Decision-Making Process, With
Emphasis on Farmer’s Expectations

The RP model uttempts 10 “simulate” the decision problem facing
individual farmers. The variables are presumed 10 be those guiding
fariners’ actual decisions (hence their plans). IHowever, the results of this
study suggest that in several instances the model data may nol represent
furmers’ expectations properly. The model underestimates participation
in Plan B of the cotton progeam for 1950-60; 1t overestimates the wheat
acreage, and so on,

We could have tested any number of price expectations but chose lugged
prices in the absence of a strong empirical basis for a different assumption.
Thus, where the purpose of the analysis is 1o predict. research can be
directed profitably to questions such as: {low do farmers arrive at their
price. yield, and other expectations under differsnt conditions (including
different kinds of Government programs)? How do they use this informna-
tion 1o make plans?

" This bias is defined as the diserepaney between (1) the agarerate response obtained
when every farm is analyzed, and (2) the response estimated when we use the geo-
graphic region or represestalive Tarms as the vnits of unalysis in un attempt o simplify
the problen:.
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The RP model expresses a logical answer to the second question, as it
assumes that restrained profit-maximizing decisions are made 1 year at a
tine.  This simplification, thaugh reasonably valid [or annual crops, may
distort the decision process when permanemt crops and livestock are in-
volved. Therefore, [uture research might explore combinations of the RP
model and “dynamic programing” (4).

la s namic programing the planning horizon is longer than | year, and
the selution for & given year depends on the solutions for both preceding
and subsequent years in that horizen.  For certain purposes, one might
defline an RP problem involving a S-year planning horizon. “The solution
for the first 3-yvear plan -~which includes solutions for viech year—would be
hased on data lor the current vear, Next year a new 3-year plan could be
eatimated, bused on the actual outeome in the first year of the initial 5-
year plan. and so on. Such a provedure would express the theory that
furmers and raechers make tentative long-run plans but continually revise
them in light of new information and expectations.

Improvement of Flexibility Restraints

Flexibility restraints. though a fogical addition to the linear programing

model, are an extreme simplification and have obvious limitations.
Improvement possibilities rest partly on greater knowledge of factors
governing actual behavior. many ol which are noneconomic. Certain
considerations deserve comment. We would expect. for instance, that
as the acreage of a crop is increased farmers will becone more reluctant
1o expand that acreage at the same rate.”  The flexibility coefficients
formaulated in the Fresno analysis do not directly account for this kind of
response. A conslant perventage growth, say 1.15X,—;, assumes thut the
larger the initial acreage the greater is the potential lor absolute expan-
sion. ‘This ignores the uneertainty attached 1o +pecialization,

Anothier consideralion is that (armers may be willing to increase the
rate of expansion of a crop when Governmenl supports are introduced
hecause supports reduce price risk. one ol the factors accounted for by
fexibility restraints. An upper hound coefhicient estimated from pre-
support data could gasily underestimate this response.

Lack of change is often due to larmers’ personal preferences. Some
[armers may prefer nol to produce a commodity, despite its profitability,
perhiaps becuuse it requires “stoop” labor. The restriction in this vase is
realtly on the absofute level ol production. not oo the rate of change {(although

5 Tenderson ok this into arcount by stratifying historical sereage data into
vlusses aceording o the “pereent of hase acreage’” oceupied by the erop. Ffe esti-
mated different bound coclficients for these classes und found that “Several of the
veaps ahowed Lthe antivipawl juverse relationship between the levels of the propar-
tienale change aned Lhe pereentage of buse-year aereages devoted to the crops” {39,
e 230). This provedure was not used in the Fresno study due 1o a limited number
of observations.
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a history of no change would yield flexibility coefficients of comparable
magunitude).

Farmers may be witling 1o enter the production of a commodity only
at a minimurm level and change their plans only if the profilability of
doing s0 exceeds their current earnings by a specified amount. True,
many individual considerations of this kind may average out in the
agerepate, but a further understanding of such phenomena should im-
prove the theoretical basis for estimating flexibility restraints.

The main problen: is to make the flexibility coeflicients or the resulting
bounds more adaptable to the conditions {or each new year. The Fresno
study shuws that the bounds often allow tuo much flexibility v the
solution, causing an overestimation of relatively small changes. On the
other hand, the model waould probably underestimate many changes if
the hounds are made too narrow (for example. by omitting the standard
errors used in this study),  Thus, we may need w “adjust” the bounds
using more information than just the preceding year’s acreage and u
historical change coctlicient.

Several ways to mprove the estimation of flexibility restraints warrant
attention.  First, we might consider estimating flexibility coefficients
from more sophisticated erop regression equations, with additional in-
dependent variables, like the equations tested as alternative models in
this study. The regression coeflicient for the lagged acreage variable
(Xi—1) would then reflect the historical effects of price, yield, and other
factors.

Serond, a regression equation for each crop could be used to make a con-
ditional point acreage estimate for the year ahead. The R? for each equa-
tion indicates how completely the included independent variables (such

as the crup’s own price, other prices, land area, and so on) explain changes

in acreage. Thus the unexplained deviations {X,—X?) are presumably
due to omitted variables such ss risk and uncertainty —the unknowns
taken account of by flexibility restraints. Perhaps the maximum or
average of these absolute deviations (much narrower in the usual
Hexibility restraints) could then be placed as upper and lower bounds on
the conditional point estimate forecust by regression analysis.

After establishing the bounds in 1his way, the programing would be
carried oul as usual. The advantage of this method is that it makes
greater use of the estimates provided by regression analysis and then
attempts o refine these estimates through programing. The method
differs from the previous refinement, and the method wsed in the Fresno
study. in that we would bhe defining an allowable acreage range uhove and
below the regrossion Sorecast rather than placing limits around the pre-
veding year’s acreage.

Third, the estimation of flexibility restraints miglin well he based on
an analysis of the discrepaney between actial response and the relatively
unrestrained or proficmaximizing response.  For exammple. we  might
determine for each erop the statistical association over a period of years
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between the most profituble acreage (derived from an RP model without
fexibility restraints} and the actual acreage. The bounds for future
years could then be expressed as a funetion of this discrepancy as well as
the acreage in the preceding year.  This kind of approach may appeal to
those who lavoer getting Llw ot profitable solution initially and then
adding bounds for a second round of computations.

A closely refated procedure would be to base the flesibility restraints on
their “shadow prices.” P These prices represent ihe increment in total
net returns which would accomptny 2 unit change in the bound.  The
hizher the shadow price the greater would be the pressure Lo increase the
upper bound for decrease the lower bound).  Possibly oue could examine
the pust relationship between these prices and the deviation between
actual and programing solution acreages to derive a procedure for ad-
justing bounds.  An initial et of bounds might be obtained from &
simple equation of the kind used in this study. e X, =ft X)), The
fully restrained BP model would be solved and sfdow prives computed.
The initia] bounds wonld then be revised and the problem re-solved.

[Finalty, recognizing that the hound-estimating procedure can beeome a
compley problem in itself. we husten 1o suggest a far fess sophisticated
approach. I is simply to formulate two sets of bounds, one assuming a
fibored rate of change and the other assuming a rclatLivciy canservatlve re-
spomse. The resufting RP solutions would serve w “bracket” the likely
uwrt'lrzttr CORPONSE.

Research to improve llexibility restraints should not ignore 1the advant-
apes of building a more direct representation of the decision probiem into
the maodel, in fien of upper and lower bounds. Stratification of the region
into more homogenesus farm types and additional resource restrainls
should remove muell of the burden now placed on fexibility restraints.
Various forms of stochastic or risk programing would incorporate the risk
factor directly in the model

Data Requirements

Cuestions of data availability pervade this entire discussion,  Stratifi-
cativn of the region into lwem types and oiher refinements already
deseribed will depend on the availability of data in addition to those
required in the Fresno study.,  Expansion of the analysis to an inter-
regional level would further multiply these requirements, Thus the
data implications of this stady and of possible directions for future
researeh imight be swmmnarized as follows:

First, il we are 1o provide prediclive answers for aggregate levels {major
regions and the Uniled States as a whole). we must {.u‘(‘ up to the need
for time series data deseribing ehanges in the opportunities, the resources.
and operator charneteristies lor different 1ypes of furms. Sueh data are

¥ Phis iden 18 taken feom o sugreation by Mebvin 3. Skold, HHS, stationod at Lhe
University of Nebraska,
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necessary not only to delineate farm subelasses but also to estimate rates
of expansion and comiraction for flexibility, capacity, and other changing
restraims.  Data on changes in the numbers of furms in each ¢luss will
be needed to revise the “f[arm weighnts™ within each region.  [deally,

these data would describe the process of change in the (arm-size or
farm-type distribution,

Secondly, if the regionzl RP models are 1o be linked together in an
interregional system, we will need the best possible data on product
demands and resouree supplies, preferably at the regional level.

Widespread application of RP models for supply analysis appears to
be technically feasible due largely to the “ecomponent™ approach; that is.
the idea of computing separate results for regions and bringing these
together in another step.  This means that we can no longer ignore daia
requirements on the grounds that computer capacity would prevent us
(rom solving the model cven if we had all the data.

Consequently, serious thought must be given to the problems not only
of oblaining the right kinds of data but also of devising automatic data
processing aids 1o organize and keep these data in a stale of readiness.
The fatter point is often neglected in methodological research. Model
We must be
able 1o produce answers quickly, not 2 or 3 years after the problem has

results, 10 be uselul, must be dmely as well as reliable.

been raised, at which time the answers are chiefly of historical imerest.
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APPENDIX

Part A: Estimation of Input-Output Coefficients and
Activity Returns

Inputs and Costs

Irrigation water, irrigator tabor, and fertilizer inputs were estimated
first in physical terms {per-acre labor hours. pounds of fertilizer, etc.),
and these quantities then muhtiplied by unit costs to determine per-acre
variable costs (tables 16 and 17).  All other variable costs were estimated
directly in dollars because of u lack of consistent annual data isolating
physical inputs and unit costs and also because of Lhe large number of
activity returns required in the study. The cost in any one year was
1aken as un “expected” cost for the subsequent year.

in the Projection Test. per-acre costs of preharvest operations, irriga-
tion water, and ginning of cotton were extrapolated, assuming a linear
trend. Irrigator labor costs were projected 10 $1.25 per hour in 1975, and
costs for in-between years obtained by linear interpolation. Similarly,
the costs of picking cotton by hand were assumed to increase by 25 percent
between 1958 and 1975,

Fertilizer inputs were assumed to increase in the same proportion as

expected yields (sce below), except that base year inputs were used for
barley, wheat, and pasture because of insignificant projected changes in
their yields. All otber costs were held constant at the values estimated
for the first year of the series. Totul per-acre costs for all activities and
years will be provided on request.
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Expected Yields

A freeltand trend of county yields was drawn for each crop to establish
an expected yield path.  The breakdown of this trend yield into subregion
and soil-type yields was based larzely on Judgment guided by previous
studies of the San Joaquin Valley and information provided by Fresno
farm advisors {table 18).

TABLE 16.—~[rrigation water: | nputs per acre used in RP model

i Time periody
Total l {acre-feet)

Crop

Other

Sugarbeets. , ... ... ...
Alalfu hay, first year., .. ... |
Alfalfa bay, mature....... ... .
Alala seed, first yeor
Alfulfa seed, mature,
Grain sorgbum, single-cropped., . .
Barley sorghum, double-cropped., .
Rice

P IO 1o 0 A i e o

Dry beans. ... .. .
Irrigated pasture, first year i
Irrigated pusture, matore. ...,

Westside

Svgarbeets, . ..., .. -
Allalfa by, liest year.. . .
Alfulfa buy, mature. ... .

Allolfa seed, fiest year

Alfalfa seed, mature

Grain sorghum, single-cropped. .
Melowa . . ... .. .., e i

Mornths
Febeuary, March, and April
May
June
. July
- August
. September through Junuury

In the Projection Test, expected yields were linear extrapolations from
the base year based on 1975 yield indexes developed by Dean and
McCorkle (23). The 1975 index was first applied to the average 1954-57
expected yields on soil-type | 10 determine a 1975 “expectation.”  The
soil-type | yields for in-hetween years were interpolated, and all other

74




soil-type yields then celeulated, assumning the same yield differential as
was used for the Fxplanatory and Predictive Tests,

Expected Prices and Net Returns

In the absenee of datz on prices actually received in Fresno County,

thie expected prive for earh erop in year £ 3s the "average price received
by Caltfornia farmers™ in year £—~1 or the aunounced county price
support, whenever the latter exceeds the price in yeart— 1 {table 19}, One
exception. however, is the wse of @ weighted average price for alfalfa
bay and alfalfa ~eed 0672, +033P, . This price is bused on the
assumption that producers consider more than | year of price experience
when judging the expected retarns of a semipermanent crop.

Prices used In the Projection Test are the average of expected prices
for 1955 58 (Series 1), and for 1950 59 13eries 2). The only ex{'eption
is the me of a lower cotton price, 80 pereent of 1he previous -year
average, as explained in the text

The computation of net returns is straight forward for all annual erops.
For the three semipermanent crops  allallfy hay, alfulfa seed, and irri-
sated pasture  average annual returns were uwsed.  The expeeted returns
in the firel and mature years were summed, and this total divided by an
amsumed typieal fife of the stand -1 years for alfalfs hay. 3 years for
alfalfa seed, and 7 years [or irrigated pusture.

Part B: Estimation of Restraints

A practical advantage ol the regional model over the farm model for
predicting aggregate response is its tme-saving use of aggregative or
secondary data.  Problems of measurement neverthieless arise when
available resource data consist onty of data on wtal resowrees actually
used by Tineluded™ erops or of data on gross supplies available 10 all users
of the resource in addition to those defined endogenously. Use of the
firsL ty pe of data, as the restraint itsell, assumes that the quantity ae-
tually used and the quantity available are identical - -that demand equals
supply.  Thix is the basic assumption used to estimate restraints on seil
types and irrigetion water in the Fresno model

If gross supplies are used as restraint data, the resources allocated to
exogenous aetivities must be subtracted from the gross quantity to
obitain a net supply availuble o included erops.  These data presem no
problem if the resource is specific to only one of the included erops, such
as n eotton allotment: but they are a problem il the resource is required
Iy beth ineluded and exeluded activities, such as water. Only one
restraint other than allotments  a maximum total Kastside acreage for
351 58 s derived in this manner.

Finally. there is the problent of a lmitational resouree which cannot
be quantified in either of the ways already diseussed because of a com-
plete lack of data.  Fxwmnples are the aggregate capacities of certain
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TasLe 17.—PFertilizer: Inputs per acre used in RP model

1. Explanatory and Predictive Test data
I p;

Crop % Kind 1953 1952, 1953 | 1954 1955 1956 1957 1958 1959 1960 1 1961

Westside Pounds | Poutids | Pounds | Pounds { Pounds i Pounds | Pounds | Pounds | Pounds Pounds | Pounds

Cotton, . ] 100 1l { 130 140 150 150 155
Barley, irvigated . 60 60 60 60 60 | 60
Wheat, ireigated, . ... .. .. 60 g 60 60 60 60 60
Grain sorghum I N 50 100 110 120 125
Sugarbeets ; 100 ] ] 130 150 160 160
Melons 60 80 90 100 1 100
60 : 75 80
5 50 50 ; 55

Lastside

Cotton : : y 120
Barley, irrigated. ... .. .. . 50
Wheat, irrigated ( ! 50
Grain sorghum, .. .. .,.,. 120
Sugarbeets ! ] ] ] 160
i y 50

i 140

Alfalfa hay 50
Irrigated pastire 0, ) 50




2, Projection Test data !

1958 base ® : 1959 base

3

Crop © Kind

1060 1961 | 1962 1963 1964 | 1965 | 1961 1962 | 1963

1964

1965

i i o A A —

, ‘ . e ; : i ‘
Weststde ; ; Pounds | Pounds | Pounids | Pounds | Pounds | Pounds.: Pounds | Pounds | Pounds
Cotton . “ N ; 157 4 159 | 161 163 1651 167 . 1574 159 161

Grain sorghum 126 ]27 ; 128 ¢ 129 ¢ ;1'3(‘} ; 131 ¢ 126 127 ¢ 128 1

Sugarbeets .. . 3 161 162§ 163 . 164 ¢ 165 166¢ 162 164 | 166
Melons. . e 101 102 ¢ 103 ¢ 104 105 106 ¢ 100 0 102 103
Melons: .. .. : : 81.: 82 | 83, 84 i 85 86 - 81 ¢ 82 ¢ 83

Cotton N 127 129 131 133 135 137 127 ¢ 129 2 131
Grain sorghum i 126 ! 127 128 ¢ 129 130 131 126 ¢ 127 128
Sugarbeets, .. ...k 1 | 161 162 - 163 ¢ 164 ¢ 165 166 | 162 164 166
Rice i 56 | 57 ¢ 8. 89 60 61 ¢ 61 : 62 | 63
Field corn P 152 i 154 1 156 ! 158 | 160 162 § 156 | 187 % 158

1 3 i :
H ¥ 3 : i

163
129
168
104

84

133
129
168

64
159

Pounds

Pounds
165
130
170
105
85

fertilizer inputfacre)+6.yrs. For 1959 base, same formula is used, but 1960 is-substituted for 1959.  Barley, wheat, and
as no change from base year is assumed.  Yield increases are assumed to be due to iniproved variety and practices. Al“
as projected inputs are not significantly different from those of hase year, )

2 1959 inputs are same as under Part 1.

31960 inpiits are same as under Part 1.

1 For 1958 base, these inputs are.computed as follows: (1905 expected yield=-1959 expected yield) X (1959 fectilizer inputfacre)— (1959

yasture are excluded
alfa hay is excluded




TABLE 18.—Expected yields per acre, selected Yyears, used in both models

Activity

Unit

Explanatory Test

Predictive - Test:

1953

1955

1959

1960 1961

Projected
1965
(1959
base) !

1. Westside

Soil type 1z
Cotton, solid-planted, lint
Cotton, solid-planted, seed 2
Cotton, skip-row, lint 3
Cotton, skip-row, seed 2
Barley, irrigated
Barley, dry
Wheat, irrigated
Alfalfa hay, first year
Alfalfa hay, mature
Alfalfa seed, first year
Alfalfa seed, miature
Sorghum, single-crop
Sugarbeets
Melons

type 2:

otion, solid-planted, lint
Cotton, solid-planted, seed 2
Cotton, skip-row, inr 3
Cotton, skip-row, seed 2
Barley, irrigated
Barley, dry
Wheat, irrigated
Alfalfa hay, first year
Alfalfa hay, mature
Alfalfa seed, first yedr
Alfalfa seed, mature
Sorghum, single-crop
Sugarbeets
Melons

bale
ton
bale
ton
cwt.
cwt.
cwt,
ton
ton
cwt.
cwt.
cwt.
ton

80-1b. crate

bale
ton
bale
ton
cwt,
cewt,
cwt.
ton
ton
cwi.
cwt.
cwt.
ton
80-lb. crate

[ el

SeRmpmwASH e, |




Soil type 3:
Cotton, solid-planted, lint .| bale
Cotton, solid-planted, seed 2., . ton
Cotton, skip-row, lint 3 ... . .+] bale
Cotton, skip-row, seed ? ton
Barley, irrigated. . o0 00 Lhewt
Barley, dry ewl.
Wheat, irrigated .. ..o 000, cwt.
Alfalfa hay, first year, ton
Alfalfa hay, mature ton
Alfalfa seed, first year cwt.
Alfalfa seed, mature cwt.
Sorghtun, single-crop cwt,
Sugarbeets ton
Melons 80-1b. crate
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2. Eastside
type 1:
Cotton, solid-planted, liut
Cotton, solid-planted, seed 2
Barley, irrigated
Barley, dry
Wheat, irrigated
Wheat, dry
Aifalfa hay, first year. ... .. ...,
Alfalfa hay, mature
Alfalfa seed, first year..........
Alfalfa seed; mature
Sorghum, single-crop
Sorghum, double-crop
Sugarbeets
Field corn
Dry beans
Irrigated pasture, first year
Trrigated pasture, mature

See footnotes at end of table.




TaBLE 18.—Expected yields per acre, selected years, used in both models—Continued

Activity

Unit

Explanatory Test

Predictive

Test

1953

1955

1959 1960

Projected
1965
(1959

base) !

Soil type 2:

otton, solid-planted, lint
Cotton, solid-planted, seed?
Barley, irrigated
Barley, dry
Wheat, irrigated
Wheat, dry
Alfalfa hay, first year
Alfalfa hay, mature
Alfalfa seed, first year
Alfalfa seed, mature. .,
Sorghum, single-crop
Sorghum, double-crop
Sugarbeets. ., .
Field corn
Dry beans
Irrigated pasture, first year
Irrigated pasture, mature

Rice

1.95
L7112
22
10
21

LTS
.15

.5




Soil type:3: j
Cotton, solid-planted, lint bale
Cotton, solid-planted, seed * ion
Barley, irrigated cwt.
Barley, dry. ..o cwt.
Wheat, irrigated cwt.
Wheat, dry., . 0oy oinnaid cwt.
Alfalfa hay, first year..... cvaea] ton
Alfalfa hay, mature { ton
Alfalfa seed, first year . ewt.
Alfalfa seed, mature cwt.
Sorghum, single-crop cwt,
Sorghum, double-crop cwt.
Sugarbeets ton
Field corn cwt.
Dry beans.....o.. 0.0 0000va | ewt.
Irrigated pasture, first year AUM
Trrigated pasture, mature { AUM
Rice cwt,
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33

e

[

el
BRAORGS, =

|- SRV RV

eags

ha

! For other {cura in series; yields are interpolated between base year and 1965 yields.

2. Cottonseet

478 (Ib. lint per-bale) . ., .
0.36 (turnout) =1,328 1b. seed cotton

needed to yield one bale.

1,328 b. seed cottonX 0.55 (seed proportion)="730 lb. seed.
3 Skip-row linit yield is 30 pércent over solid-planted yield.

4 Animal unit mounth,

yield of 730 1b. pec bale of lint, based on assumption of 36 percent turnout, 55 percent seed, and 9 percent trash, as follows:




TasLE 19.—Expected prices used in both models!

Alfalfa

seed ?

Dry

beans

Irrigated
pasture 4

Grain
sorghum

Alfalfa
hay 2

i Wheat

Sugar:

Melons
beets 3 |

Cotton
seed

Cotton

Rice
lint )

Bariey

Cents per Per 80-

cwt.- | Per ciet. | Per ton | lb. crate
61 82, . $3.00
52 :
76
89
18
70
02
92
99
25
21

7S per )

ol Per ton | Per cuet, | Per cut.

$74. 00 82.54 | 83,
71.90 15
66.70 21
54. 00 71
59.20 42
48. 00 31
62.10 31
52.80 19
43.00 23
44. 49 15
51,50 17

Per cut.
$8.90
9.00
10.10 ¢+
9.70
8.90
8. 20
8. 00
8.40
8.40
8. 90
10.30

Per ton Per cuet.
$20. 62
26. 87
31. 00
24, 80
21,33
24,68
24,46
23.43

.mmpagcmmmmwo:
W R o 0
!O.I\J ‘l\D !Q o EO !\D ROS}JU:
PR ewewend
Lo on

©0.09 00 L0 00 L 00 09 o
gpspgwgow!alowy:p:

Projection
data: ?
1958 base. . .. .0

8 2, 8.25 .00
1959 base, .. .{10 25,90 2

3 S
2. 60 8.42 3.00

51.00 .18 . . 3: .88 - 13. ; 2 :

50.58 .18 .2 . .13 13.62

8 Price shown is for Plan 4 cotton.  Prices used for Plan B
cotton are: 28.23 cents (1959) and 26.27 cents (1960).

T Actual price lagged 1 year used for supported and unsup ported
output in connection with Feed Grain Program.

& Support price used for participation in Feed Grain Progeam.
Unsupported price (actual price lagged 1 year) is $2.14/ewt.

b Actual prices received by California farmers in preceding year,
or annouriced county price supports if higher, unless otherwise noted.

20.67P -+ 0.33P,,.

¢ Includes average sugar payment of $2.25 per ton.

* Assumed rental value.

5 Average of prices reccived in 1949 and 1950. Latter- price
(41.25¢) assumed to be too high for expected price in 1951 due to
allotments and large deniand in 1950.

? Average of expected prices in 1955-58 for 1938 base and average
of 1956-59 for 1959 hase.
10 Eighty percent of preceding 4-year average.
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squipment and the capital of individual farmers. When this problem
arises, one can handle the need for a restraint only indirectly by placing
limits on the acreage or output of the crop{s) using that resource. This
approuch is tahen to estimate flexibility restruints and the restraints on
mechanical cetton picking.

Aggregate Land and Soil Type Restraints

The “supply” of land has increased substantially in Fresao County,
due to continuing irrigation development. No atterapt was made to
explain this development, or to prediet changes in supply, until after
1958.

Explanatory Test.—ISight land restraiuts were defined for 1951-58 based
primarily on lund use snd land classification data previded by the
California Departmment of Water Resources (table 20},

Westside and Kastside acreage restraints were developed indirectly
because separate acreage duta were availuble only for 1958. In 1938,
the Westside had 53 percent of the tolal included crop acreage and the
Fastside had 47 percent. As irrigation development on the Westside
has occurred more recently than on the Iasiside, it was assumed (1)
that the Westside's share in years prior to 1958 was less than, or equal
10, its share in 1958 acd (2) that the lastside’s shure in years prior to
1958 was greater than, or equal to, its share ia 1958. These two assump-
tions were expressed by the following conditions:

X, £0.53%
and

Xoi2> 041X,

where X, == the aggregate solution acreage on the Westside in year ¢,
Xy, = the Bastside solution acreage, and X} = the maximum total
Fresno County acreage, or in this test the actual 1otal screage of the 12
erops.

Under these conditions the total Eastside acreage in the solution could
conesivably equal the total eounty acreage available 1o included crops.
Thus, an additional condition was added, namely, Xo; < K. which
specifies that the iotal Eastside sotution aereage could not exceed 4 con-
stant. Ky, equal to 390,303 acres. This is the area suitable for crop
production on the Bastside (910,563 acres} less an estimated acreage of
“excluded” ecrops, fallow land, [armsteads, etc. (520,260 acres).

The county acreage actually devoted to included crops was also defined
as a scparate restraint 1o ensure that the sum of Eastside and Westside
solution zeres would not exceed this limit.

Maximum Fastside and Westside acres were divided into scil types 1, 2,
and 3 using the proportions of tofal Fresno County land ia each type
{rable 20). These “types” combine a large number of soils, identified by
the Department of Water Resources, imto manageable groups baving
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TaBLE 20.—Land and soil type restrairits (acres)

Maximum
county
acreage !

Westside restraints

Enstside restraints

Maximum
total 2

Seoil 1
(0.564)
X ¢ol. 3

Soil 2
(0.278)
X col. 3

Maximum
total 3

Soil 1
(0.361)
X eol. 7

Soil 2
(0.360) |
X col. 7

Soil 3
(0.279)
¥ col. 7

Minimum
total
(0.467)
X col. 2

1€9]

@

3

)

15))

(€9

®

9

(10)

an

Explanatory Test:

733, 960
146, 520

726,290 '

744, 410
735, 810
743,110
785, 730
801, 500

390,907
397, 597

386, 822 |

396, 473
391, 892
395, 780
418, 486
496, 879

439, 462
443, 303
445,109

220, 472
224,245

218,168

223, 611
221,027
223,220
236, 023
240,760

247, 857
250, 023
251,041

108, 672
110, 532
107, 536
110, 219
108,946
110, 027
116, 337
118, 672

122,170
123,238
123,740

390, 303
390, 303
390, 303
390, 303
390, 303
390, 303
390, 303
390, 303

377,617
378, 709
380, 641

140, §9%
140, 899
140, 899
140, 899
140, 899
140, 899
140, 899
140, 899

136, 320
136,714
137,411

140,509 |

140, 509
140, 509
140, 509
140, 509
140, 509
140, 509
140, 509

135, 942
136, 335
137,031

108, 895
108, 895
108, 895
108, 895
108, 895

108, 895 1

108, 895
108, 895

105, 355
105,660
106, 199

343,053
348,923
339, 468
347,937
343,618
347, 330
367, 250
374, 621




Projection Test:
1958 base:- |

1959. .. .0 .0 439,462 | 247,857 | 122,170 69,435 | 377,617 1 136,320 | 135,942 ; 105, 355
446,808 | 252,000} 124,212 70,5961 380,218 ¢ 137,259 | 136,878 | 106, 081
453,432 1 255,736 | 126,054 71,642 | 382,298 1 138,010 ; 137,627 106, 661
459,384 | ~259,092 | 127,709 72,583 | 383,955 | 138,608 |- 138,224 § 107,123
464,716 | 262,100 | 129,191 73,425 1 385,275 | 139,084 | 138,699 107,492
469,477 | 264,785 136 5 5 4177 | 386,322 | 139,462 | 139,076 107, 784
473,719 | 267,177 | 131,694 74,848 | 387,154 | 139,763 | 139,375 1 108, 016

443,303 | 250,023 | 123,238 70,042.] 378,709 | 136,714 ; 136,335 105, 660
449,950 | 253,772 | 125,086 71,092 | 380,962 137,527 | 137,146 | 106,289
455,964 | 257,164 | 126,758 72,042 | 382,786 { 138,186 | 137,803 106, 797
461,389 | 260,224 | 128,266 | - 72,899 384,259 | 138,718 ; 138,333 107,208 |
466,270 | 262,976 | 129,623 73,671 | 385,448 1 139,147 | 138, 761 107,540
470,651 | 265,447 [ 130,841 74,363 | 386,405 i 139,492 139,106 | 107,807

t Actual dcres devoted to included crops. 3 For E:q)lanm.org)v fest, col. T=K, (see text), For other tests,
y

2 For Explanatory Test, col. 3=0.533 Xeol, 2. For other tests, col. 7s predicted Pearl-Reed growth function.

col. 3 is predicied by Pearl-Reed growth function (see text).




vomparable yield-affecting characteristics.  Soil type 1 includes smooth-
lying land free of salinity with raedium-to-deep root zones. Soil 3, the
least productive group, includes land that is suitable for production but
severely limited by characteristics such us slope, an excess of sults, or
shallow depth.

Predictive Test.—Maximum Westside and Eastside acres were “pre.
dicted™ separately, using the Pearl-Reed function,

v Y
A==

R

where X:=1he supply of land available to included crops in yeur t;
Y=an upper asymptote; and t=time {1945=1). In the Fastside equa-
tion, ¥== Ko, or 390,303 acres. The counterpart acreage suitable for in-
cluded crops on the Westside (K} is 505,370 ucres.

These equations were fitted to data through 1958, 1959, and 1960 to
predict for 195961, respectively. The included crop-acreage data used
for this purpose were derived from total county data, assuming that the
percentage distribution of each crop grown on both the Eastside and the
Westside in years other than 1958 was the same as that in 1958. Soil
type percentages were multiplied by these maximum acreages to obtain
soil type restraints (table 20).

Projection Test.~~The Pearl-Reed functions were extended to 1965 to
provide maximum acreage data for each year in Series 1 and 2, using data

through 1958 and 1959, respectively.

Irrigation Water Restraints

The growing seas .n was divided iato five time periods, and the supply
of water in cach period treated as a different input:

Months
February, March, uad April

Separate restraints were included for time-period supplies on each side of
the county, assuming that the quartity available in one period is inde-
pendent of the quantity available or used in the preceding period of the
8ame year,

The estimation of water restraints was based on the assumption that
historical water use or demand particularly in Fuly and August, the peak
summer menths, is 2 close approximation of the actual supply of water.
This assumption is undoubtedly quite valid for the Westside, where
groundwater is the orly source and farmers are known to operate their
pumps continuously during the peak season. Although the Eastside

86




uses surface water as well as groundwater, arrangements for obtaining
additional surface water are limited by dam and diversion capacities
wiltich, Jike pump capacity, are relatively fixed in the short run.

Explunawry Test.--A restraint was placed first on the county’s total
annual supply of irrigation waler, obtained recursively from the least-
squares equation, Y;=1.068Y,_,, where }}=the total acre-feet avail-
able in yeur t, Y . =the estimated acre-feet used in the county for in-
cluded c¢rops in year t=1, and (=1946-58 {omitting 1950 and 1953~55
when water use declined, presuwmably because of cotton allotments).

As in the vase of land input, a set of conditions was defined Lo bracket
e models allocation of water between the two sides. In 1958, it was
estimnated that 44 percent of the water required by included erops in the
county was used on the Westside and 56 percent on the flastside. fased
ont knowledee of historical development, it was asstned {1) that in each
year prior Lo 1958 the quantity availuble on the Westside was less than
or equal 1o &1 percent of the county supply, and (2} that the Hastside
aupply was greater than or equal 10 50 percent of the total, Le.,

}-r :S 044 }:
an

V22 0.56 17,

where ¥, and Yo, =towal acre-feet availuble on the Westside and the
Fastside. respectively, and Yj=acre-feet available o the county, derived
above. To ensure that the model would not allocate an unrealistic
share 10 the Kastside, we added the condition, Yy, < Koda, where Kp=the
maximuwn Kastside acreage and Ap,=the estimated average input to
included crops on the Kastside in 1951-58 (3.38 acre-feet per acre).

The maximum subregion supplies (0.44 Y| on Lhe Weslside and KoA,
on the Kastside) were divided into time-period restraints based on esti-
maies of the maximum relative use in each period (table 21}, The
county supply. Y5 was also ineluded as a separate resiraint because
the above procedure might have allowed 1he model to use more than that
total.

Predictive Test.~For this test, maximum water supplies on the West-
side and the Kastside were estimated separately at the outset, rather
than derived as shares of the county supply. Using the crop distribution
based on 1938 data, equations ol the form, Yi={l-4+v) Y. were applied
separately 1o the subregion data through 1958, 1959, and 1960 1o obtain
predicied supplies for 1959-63. The values of (14} are as follows:

Using duta through:

1058 1959 1964
Westaide . .. L o e 1044 L {5 1. 041
Fastside 7 .0, . e e e e e 1. 078 1. 074 1. 067

! 1948, 1953, and 10534 omitied as observations due 1o un extresse ingrease or a decline
in weter use,
2 1954, 1955, and 1957 omitted due 1o a decline in use.
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Tanie 21.—Ffrrigation water restraints

1. Total supplies {1,000 acre-feet)

! Maximumw { Maximum | Maximum | Minimusm
Year county | Westside | Fastside | Eastside
supply? | supply? | supply? uge
(1) (2) (3) (4) (5)
Explunatory Test:

1951, 1,962 857 1,319 1, 068

2,18] 953 1,319 1,187

2,324 1,006 1,319 1,265

2,319 1,013 1,31¢ 1,262

2,278 W5 1,319 1,240

3, 144 955 1,319 1,189

2,228 974 1,319 1,213

1958, ool PR 2,230 9715 1,319 1,234
Predictive Test:

1950 . i e 984 1,309 [..........

1960, . oo e 1,030 1,365 4. .. .......

L Y SN 1,038 1,387 ...,
Projection Test:

1958 base:

1959 . e e 984 1,309 |..........

1960, . ... e 947 288 |..........

B D P, P 1, 001 1,205 .. ... ..

1962, e i e 1,014 L300 |..........

1963, .. 1,026 1,305 ). ... ...

1964 Ll e 1,037 1,308 ... ..

1963, .. o e 1,046 L3 ..., P

1959 base:

1,030 1.365 |....... ...

1,003 1,279 1, ... .....

1,017 LL285 ... .. ....

1,029 L2 ...,

1,040 1,204 )00

1,050 1,298 |, .........

2. Time-period supplies &

Percent of total quantity used in specified time periods
Year Fastside Weatside
ST I B GO IS B CO I I )R S N € I B O B I GV I 65
1951, ... . |(24.8)! 7.3(19.6,18.6(20.3[320 | 2.1]7150)14.2115.1
1952.. ... 2470 7.5 1{19.0)] 18.8 [(z0.2)| 37.1 | 2.5 |(16.2)|(15. 2)|(15. 9)
1953...... 24.5 1 8.6} 18.8 |(18.9)1 20,2 [37.7| 301581471152
1954...... 24,4 1 10.1 ] 18.3 [ 18.9 1 19.7 42,2 4£2]13.6 121 | Ii.5
1955, .., 24.4 1 10.6 1 1B 0| 18.8 1191 |43.1 ] 5.8 138 1L5!10.0
1956. .. ... 2.4 1 10.6 1 18.0) 18,5 119.2 1429 6.2]13.9(11.7110.0
W57.... .. 241 MAL 33 178 ) W87 1 U8 T ((43.6)) 6.9 113, 8 11,2 2.0
1958, .. ... 24,0 13,1 1179 1 18.7 1 18.9 742,71 (7.3) 1.3 ) 11,61 9.3
1950, ... 12451 10,4 118,018,571 191 1418} 68113481221 10.1
1966, .. ...1 247 10.G { 18.1 | 18.4 {19.3 [ 40.6 ] 6.7} 154 |12.810.9

! BEquals Y, where ¥/=1.068 Y, {fitted to data for 1946-58, omitting 1950 and

195355 when actual vse declined),
88
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Time-period restraints were derived as explained above, using the
maximuwin percentage data for 1951 through the year immediately pre-
ceding the one to be predicted,

Projection Test.~—We did not want to assume that Fresno water sup-
plies would continue to increase according to the formula Yo=(1+w) Y.,
The product of average applieations per acre and projected land restraints
provided more reasonable estimates because the latter restraints. taken
from the Pearl-Reed growth curve, increase at a decreasing rate. The
per acre water inputs used for thus purpose were the averages of 1954-58
deta lor Series ! and the averages of 1935-539 data for Series 2:

For Sertes | For Series 2

Aere=fort
Westaide . ... ... . ... T a3 2,23
Llasiside e e . 3.39 3.30

Time-period restraints were again derived using the maximum per-
ceniage dala for years preceding the projection series,
Cotton Machine-Picking Capacity

Like water restraints. the aggregate capacity ol cotton pickers was
estimated from data ou actual use, the assumption being that these data
provide a reasonable measure of farmers’ willingness and ability to adopt
the techuology.

Explunaory Test—A tlotal county capacity was estimated by the
least squares equation, Bi= (1.182)8, ;. where Bi= the number of bales
that can be machine-picked in the solution for year i, B, = the actnal
production machine-picked in year t—1, and ¢==1947-1958 (omitting
JU33 and 1955 when machine-picked output declined).

As the expected returne to machine-picked activities differ between
the two sides of Fresno County, this single restraint might have allowed a
disproportionate use of the resource on one side. Thus, additional
restraints were placed on the percent of cotton production on each side
that could be harvested mechanically, derived from the least-squares
equation, ;- 11037, where P, -~ the maximum allowable percent for
year &, Pooo the setual percent in vear t—1, and 1= 194758, This
restriint is the same for both sides as available data apply only to the
rounty and because there is no empirical basis for assuming different
expansion rates (table 22).

T Ror Bxplanatory Test, enl. 3 00137 ¥, For Predictive Test, col. 3~ Y= (T4o)
Yei-o where ()« a) volues differ ecach year (see texst),  For Projection Test, eol.
3 - (aversge sere-feet used per acre in preceding Byesr peeiod) ¥ (maximum Westside
land resteainn, toble 20).

ar Baplanatory Test, colo Lo {average ':u'rc-l't‘t-l used peroaere, 195158} % K,

{ser tex1). For prediciive tesr, col, 425 Vo =(0+a) Yoy, where (1 Fap) values
Liffer cuch v e LN 1% Proiectl Pos wol, -1 faveraee arre-fee sed P
differ puch year (see fext). or Projection Test, col, {average arre-feer used per
acre in preecding d-vear period) * (maxinmm Kastside land resteaint, tabile 203,

10,303 ¥,. This figure was reduced by 3 percent te ensuree thay minicmunm ose
wirtsdil ot excesd aetual e,

5 Aaxinnan  absaluie  tioe-period  supplivs = maxirmum pereentages (shown in
parentlieses) # maximum (atal acre<feetin paret L of this cable.
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TaBLE 22.—Restraints on. mechanical cotton picking

Actual data Restraints
Year Harvested .| Average Total Percent | Production | Maxiinum Maximum | Maximum
cotton yield - |production| -machine | = machine county Maximum | Westside | Eastside
acres ! per acre (bales) picked ? picked bales 3 percent 4 bales 8 bales ¢
(bales) ? col. 4 X5
M @) 3 @) &) (6) ) ® &) (10)
Explanatory Test: .
1951 339, 000 1.439 | 487, 821 41 200, 007 87,401 2.6 oo venin o oan i
369, 000 1.310 483,390 48 232,027 236, 358 45.2 Loviiiiivedi i iniaes
322,500 1.274 | 410,865 51 209, 541 274,198 929 feiivvavr i .
223, 500 1.753 | 391, 796 55 215,488 247, 625 56.2 Y R
189, 730 1.626 | 308, 501 63 194, 356 254, 653 60.6 4. ........ s,
189, 100 1.998 | 377,822 67 253,141 229, 680 69.5 {.viiviienad. . e
173,000 | 2.316 | 400,668 1 284,474 299,150 73.9 ..., . MY
181,000 2.400 | 434,400 75 325, 800 336,177 8.3 fonvininiiin i anen .
215,000 2.343 .| 503,745 85 428,183 383, 363 82.2 ...l D S
238, 000 2.167| - 515, 746 89 459, 014 520,363 93.8 |....viiiid s
208,000 2.061 428,688 96 411, 540 536, 363 97.2 f.. . i e AN




Projection Test:
1958 base:

383,363
451, 096
530, 797
624, 579
734,931
864, 780
1,017,571

520, 363
632, 387
768, 528
933,977
1,135, 045
1, 379, 399

93.

100.
100.
100.
100.

351,013

413,031
486, 006

571, 875

355, 401

431,913
524, 895
637, 895
775,222

321,900
378,714
445, 696

¥4

497, 150
604,177

1 California Crogr and Livestock Reporting Service. “California

‘Cotton: Acreage, Yicld Per Acre, and Production” (annual reports).
‘2 Estimated from Hedges and Bailey, "Economics of Mechanical

Cotton Harvesting,” Calif. Agric. Expt. Sta. Bull. 743, April 1954;

USDA, AMS estimates for California; 1949-61; and unpublished

gatu obtained from Fresno Farm Labor Office, U.S. Employment
ervice.

3 Predicted by equation, Bi=(14-a)B,—y (se¢ text).
i Predicted by equation, Pi==(1+4a)P,_, (see text).

50.562 Xcol. 7.
80.438X col. 7.







Predictive Test—The same estimating procedure was used for the Pre-
dictive Test, although the coefficients, 14, were obtained by refitting
the above equations to data through the immediately preceding year.
These coeflicients are:

Using data through—

1958 1959 1960
Total county bales........................... 1,137 1.215 1.169
Pereentage equation. . ... o oL 1, 096 1. 103 1. 092

Projection Test—The estimating procedure remained the same except
that when the maximum percentage restraint (P} reached 10C, the
maximum county restrzint on production (B}), derived from data
through the buse year, was divided into separate Westside and Lastside
restraints. This breakdown was based on the colton acreage distri-
bution in 1958 and the average yicld differential between the two sides.

Flexibility Restraints

Year-to-year changes in the acreage ol each included crop are the
effects of three phenomena: (1) Normal substitution of one included
crop for another, as well as supplementary changes tied to rotation;
(2} changes in the land base such that as new land is developed or bid
away from “excluded” enterprises, increases are expected in the acreages
of some or all of the included crops; and (3) Government programs and
other institutional faclors.

All of these phenomena apply to acreage changes in the Fresno test.
Yet the concept of a flexibility restraint, as explained in the text, is
related only to enterprise substitution, the first phenomenon. Con-
sequently, two adjustments were made in the historical data to isolate
these cffecta.

1. The upper and lower hound inequations were expressed in percentage
rather than ehsofute acreage terms. The equation actually fitied to ob-
tain values of (14-8,) and (1—B) was

12
[ &x.
Ko=) | o [ X

;Xi, =1

In other words, the effects of a changing land base are isolated by
multiplying X, .., by an adjustment factor before fitting the equation.!
The historical observations were stratified into increasing and decreasing
data, and the cquation just shown was fitted separately to each data set
so that (1-+8,) is the estimate of (148, or (I.l'_gf) depending on the
set used.

L This equation is XufSX,={14+8)X: —fEX. 1 with both sides muitiplied by
2X;. Natce that if the total acreage were constunt, the denominators woulil cancel,
leaving Xi=(14+8) X} 1.
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2. 1954 and 1955 were omitted as observations because of promounced
changes in acreage associated with the reintroduction of allotments on
cotton, wheat, and rice.  If these years had not been removed, the upper
bound coefficienis for alternative crops would have overestimated the
maximum rates of change in years when the diverled acreage effect was
net important. To account for the pressure to expand alternative crops
on diverted acres in 1954 and 1955, a share of the total diverted acreage
was added to each of ithe upper bounds. This share was the crop’s
acrcage in year t—1 expressed us a percent of the total acreage of alterna-
tive crops in year £— 1.

The upper and lower bounds oblained in this manner represent arerage
net changes in acreage. To be more consistent with the concept of a
meaximun aliowable change from one year to the next, these bounds were
further adjusted ag follows: The “stundard error of estimate™ associated
with the equation fitted to increasing acreage data was added to each of
the upper bounds, The standard error associated with the lower bound
equation was subtracted from each of the lower bounds.

Explunatory Test.—Thiy procedure was applied to county acreage
data. Adjusted county bounds were divided into Kastside and Westside
bounds, using the 1958 crop acreage data estimated by the California
Depurtment of Water Resources (table 23).

Predictive Test.—County bound cocfficients were estimated using data
only through the year immediately preceding the one predicted. In
addition, the county acreage of each crop in year 1~1 was first separated
into Eastside and Westside acres, based on the 1958 distribution, and
these multiplied by the land adjusunent factors for each subregion,
Zj:;\'g,fzf Xy =1 In this case, E;Xm is the maximum restraint acreage
for 1he jih subregion derived from the Pearl-Reed functions described on
page 86. The adjusted acres in yeur t—1 were then multiplied by the
county flexibility coeflicients.  Standard errors were also separated into
Easiside and Westside acres based on the 1958 acreage distribution.

Projection Test—COnly one set of land adjustment factors was used
for cach subregion in cach of the projection series to minimize computing
time. These factors were the averages of the ralios, 2)(;;/25:)(1;, 1

for the entire series.

Special Cotton Acreage Restraints

Two additional kinds of restraints were applied specifically 1o cotton.
First, restraints were imposed on the acres of each of the soil types 1-3
that could be allocated 1o skip-row cotton on the Westside. Skip-row
activities have higher yields and higher per acee returns than those of
solid-planted eotton. T ensnre that the model results reflect the use of
both praciices, it was assumed that the acreage of fallow lund provides a
reasonable estimate of the limit on skip row cotton.  According to the
California Department of Water Resources, 14.6 percent of the Westside
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TaBLE 23.—Flexibility restraints '

1. Explanatory Test data {1851-58}

Upper bound

Diverted acreage Lower bound
share

Standard
error of
estimate

Standard
error of
estimate

Alfalfabay... .......

Alfalfa secd

Fieldcorn........ ...
Dry beans.........

Irrigated pasture

L.
1.026
. 122
e
132
Lall
1151
. 150
.a18
1. 797
LS00
. 023

15t

Acres
26,521
2,406
382
2,878
3,121
1,179
¢

1,517
3,848
989
176
1,479

.G
. 856
.71l
L6412
. 968
. 962

Aceres
LX)
8,022
12,174
8,917
281
192

2. Predictive Test data ¢

1960

1961

Upper hound

Lower bound

Upper bound | Lower bound

Stand-
ard
Error
of esli~
mats

Stand-
i!fd.
error
of esti-
mate

Stand-
ard
error
of easti-
mate

Stand-
ard
error
of eati-
mate

Cotton
Barley.......... ..
Wheat

Alfzlfa hay

Alfalfz seed

Grain sorghun:, . . .
Sugarbeety *
Melona

Field corn
Dry beans. . ......

Terigated pastore, ..

1,151
1. 026
1.122
1068
1. 132
.31
1. 151
1. 161
L.518
1,797
1. 300
1. 025

26,521 0. 901
2,406 | . 045
382 | 727
2,509 | .924
3,121 | . 945
1,179 | . 457

0} .901

1,264 | L850
3,848 § . 711
989 | . 681
176 | . 834
1,377 § . 962

10
7,130
12,174
8,917
2,975
399

0
1,993
215
912

75
1,777

1.151
1. 026
1,132
1. 059
1.132
1. 311
1. 151
1172
1.518
1. 797
1. 300
1.025

26, 521
2, 406 | .
382 | .
2,701
3,121
1,179
0

1,128
3,848
o892
176
1.377

20
944 | 7,000
727 1 12,174

924 | 8,917
S932 | 2,527
.532 | 3,144
. 901 ¢
JBS6 | 1,993
NI 215
674 852
. 890 250
S962 | 1,589

' The coefficients, {(I+8) and (I—p), describe the average ner relation between
X and X, iy (see text). -
_ *The catimate of {1— 8} is bused on only one nhservation.

3 Bound coeflicients could naot be estimated for this crop as it has no history of
unrestricted acreage.  The coceflicients for eotton were used for beets, due to the similar-
ity of earnings on the two crops.  The standard error for cotton was not used for the
apper bounds on beets beeause the aetnal acrcages of the two crops are quite different.

! Data for 195% are the sume as for 1931-58. Projection Test data for the series with

a 1958 base are the same as for 1951-58; and for the 1959 base they are the same as for
1960 {the Predictive Teat).
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cropland was fallowed in 1958. This percentage was multiplied by the
*maximum” soil-type acreages to obtain estimates of the maximum eaddi-
tional acreage of each type avuilable for skip-row cotton. One unit of
each skip-row activity therefore uses one acre of the particular soil type
plus 1 acre of fallow land.

Other special restraints included in the model specify (1) that a2 max-
imum of 50 percent of soil type 1 on each side can be allocated to cotton
and (2) that minimum acres of soil types 2 and 3 must be used for cotton.
Cotion is grown on a Jarge number of farms, many of which have little, if
any, soil type 1. Cotton allotmenis are allocated to individual farmers
according to acreage histories, rather than their soil resources. Rotation
practices also preclude vontintious use of soil type 1 for the same crop.

Minimum soil type 2 and 3 restraints were taken from the following
data on the 1958 cotton acreage distribution {provided by the Culifornia
Department of Water Resources):

Festside Fastside
Soil type Aeres of Cotten
30, 998 31,649

12,9249 27, 770
These data were believed to he reasonable estimates of the minimum
acres in other years beeause the 1958 acreage was al a minimum due to
allotrments.

35

LS, GOVERNMENT PRINTING OFFICE . 19685 O—757-347







