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ABSTRACT

Recent litigation in the Federal Courts concerning the enforcement
of the Reclamation Act of 1902 and the Omnibus Adjustment Act of 1926
prompted this study to be undertaken. This thesis examines economies
of size and the relationship between farm size and net income on irri-
gated farms in District 1 of the Lower Yellowstone Irrigation Project.
Chapters one and two include a brief historical account, a‘problem. ’
statement and a review of relevant economic literature. The economic
rationale and mathematical model are presented in chapter three. "Chap-
ters four and five contain the conclusions drawn from the linear. pro-
gramming model and subsequent financial analysis in considering various
policy scenarios. ' )
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CHAPTER 1

INTRODUCTTON

Evolution of the 160 Acre Limitation

Settlers of the American West found water to be a very scércé
and consequéntly pfecious'fesource. The pre-Columbian Indians adaéted
to the arid environment of the Southwest.by captgring storm runoff and
irrigating their crops. Sﬁanish colgﬁialists and Missionaries, iﬁ
the 17th and 18th centuries, employed water preservation techniques
practiced in their'homeland for centuries.’1 The next‘seQéral‘aécades
Qere marked by controversy as land and water were enjoinéd;

Following the formation of the thirteen colonies, the new govern-—
ment was posed with ﬁroblems of disposing of a vast bublic doméin.

The new goverﬁment needed ‘money, thus prompting Secretary of the

Treasury Alexander Hamilton to suggest tﬁaf land be sold to settlers
to raise revenué. Hamilton's notion coupled with Thomas Jefferson's
vision of an égrarian economy, with producfion iﬁ the.hands of small

producers, to determine congressional poiicy. In 1784, a congressional

- policy was approved suggesting that an attempt be made- to dispose of

this vast public domain.2 With the adoption of the COnstitution;

Michael G. Robinson, "Water at Work: Reclamation, 1902-1977." 1976
Summary Report, United States Department of the Interior (Bureau of
Reclamation). p. 4l. )

Alan Stanford Kezis, "An Examination of Economies of Size and Net
Revenues on Columbia Basin Farms: Implications for Acreage Limita-
tion Policy," Unpublished doctoral dissertation, Washington State
University, (1978), p. 1. :
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Congress, via the property clause, had uniimited,powef over public lénds.
This clause gave Congress proprietary power to "dispose of and make all

needful Rules and Regulations respecting the Territory or other prop-

erty belonging to the United States."3

Federal involvement in the settlement of the western. lands was

prompted by a goal of rapid growth and development. The fundamental

policy involved was that of making western lands capable of supplying
their own reclamation. Unfilnl84l land was disposed pf by selling -
various sized traéts, thﬁs leading to the Preemption Act of 1841. The
Preemption Act alloweé the head of each.hpusehold to.acquire 160 acres
of western land at a price fixed by the- government. SqUattiﬁg on.
unsurveyed land was illegal. This éoupled with no outright‘iand grént
made the westerner dissatisfied. Nevertheless, western land policy
was about as liberal as it could be, consistent with the demand that'
the public domain be a continuing source of ‘revenue.

Agitation for free land continued throughout the 1850's, finally
leading to the Homestead Act of 1862. This Act éllowed the head of a
family or anyone over 21 years of age to have 160 acres of public
domain by paying a small fee. The only stipulation was that the ﬁqmef

steader either live on or cultivate the land for five years. However,

‘the Homestead Act said nothing about the appropriation or use of the

3 . . '
U.S. Constitution, Article IV, Section 3, Clause 2.
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. water. No clear line could be drawn between.Federal or State authority
. at this point because the Federal governmeﬁf chose to stand by, allow- -
iné the State and Territorial courts to' declare what westein water law:
would be. The Act of July 26, 1866 stated:
"Whenever, by priority of possession, rights to the use
of water for mining, agriculture, manufacturing, and other
‘purposes have vested and accrued, and the same are" recog-
nized and acknowledged by the local customs, laws and’

decisions of courts, then the customary users are recog-
nized as belng legally valid.. "4

_ThlS Act was followed by the Act of 1870, the Desert Land Act of 1877'
and ‘Carey Act of 1894. |

The Act of 1870 further defined the Act of ‘July 26, 1866 by. sub-
jeéfing all éateﬁéed lands and.homegteads to”"aﬁy-vesfed and accrued

nb

water rights. The Desért Land Act allowed anyone to purchase 640

.

“ Act of July 26, 1866, Ch. 262, Sect. 9, 14 Stat. 253, Rev. Stat.,
Sect. 2339, 3 U:5. Cong. 661.

The notion of an acreage limitation for irrigated lands was imple-
mented in Lassen County, California on March 3,  1875. This first
acreage limitation attempt also stipulated that land not reclaimed
would then be sold back to the government at a nominal price. This
information -came from the following source: Richard Moss Alston,
"Commercial Irrigation Enterprise: The Fear of Water Monopoly and
the Genesis of Market Distortion." Unpublished doctoral disserta- -
‘tion Cornell University, January, 1970. p. 161.°

Act of July 9, 1870, Ch. 235, Sect. 17, 16 Stat. 218, Rev. Stat.,
Sect. 2340, 43 U.S. Cong. 661. :




A
acres of 1and .at $l 25 per acre w1th one stipulatlon. to irrigate i
the 1and within three,years. The Desert Land Act offered too muEh.

land to the small operator to effectively operate and not enougn land

. . . . ' o . " . . 7 . R
to interest large corporatlons‘in water-supply'lnvestments. . Congress

contlnued 1ts encouragement of capltalists 1nvestment in reclaiming )
the western lands by enacting the Carey Act in 1894 .:Senator Carey.,:
envisioned the Act as an aid to the public lands.states for the re-
ciamation,‘supnlementation and'cultivation.of these lands by.smallioner_
'ators, The- Act allowed the states to contract for:construction Wdrk.

. on irrigation projects;‘to fix water.prices and'to sell iand3oniv'to.

. persons owningfwater rigﬁts in the irrigation can'al:region.8 Whiie
the Carey Act essentialiv left-irrigation development‘in'the hands

of the’states_and effectiveiy prevented speculation,:the'primary goal,

‘of rapid western deveélopment wasn't being realized. The Act simply

was unable to (i)Aguarantee'an'effective demand-for land,_(z)fguarantee'

purchases of water or (3) provide adequate financial arrangements,to

repay the construction costs of the irrigation project.

\

7 Elwood Meade, "Rise ‘and Future of Irrigatlon in the United States,
Yearbook of the Department of Agriculture,’ Government Printing
Office, Washington, D.C., 1899, pp. 603 - 604; and Moss, p. 164

The arrangement between the State and the constructlon company
" allowed the: construction company to sell water rights that granted
water purchasers an-interest in the prOJect.. Moss, Op..cit., p..181.
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The apparent failure of the Carey Act, linked with a-conéer;gfion
movement, pressured Congress intO‘considefing difecp fedéral'aid to
reclaim,thévwestefn lands. This moﬁement led to the orgénizafidh‘bf
the National Irrigatién.Associétion,vsupported by dueé from individugl :
- members and large railroad contribufions, which pressed for Federal-
monies to develop the western laﬁdé. Their wishes were satisfied by
Ehé enactment of the Reclamation Act.of 1902, pro&iding for the use
of receipts from land sales in the arid western states to finance the
construction of reseryoirs and irrigation works, wifh repayment ﬁp
be made by settlers over a period of years.9 Thé Federal government
was now directly involved in irrigated agriculture. The policy
objectives are reflected in the Bureau of Reclamation's internal
guidelines which- state:

“The policy of limiting the area of land for which.pfoject

water may be supplied under the Reclamation laws is designed

to (1) provide opportunity for a maximum number of settlers

on the land, (2) distribute widely the benefits from public-—

supported reclamation where interest free money is involved,

and (3) promote the famlly sized farm as a desirable form
of rural life.'

9 At the Montaﬁa Irrigation Convention in January of 1892 (Ten

years prior to the Reclamation Act), the delegates to the Salt Lake
convention were criticized for supporting the Salt Lake Convention
platform calling for a cession of all public lands to ‘the states.
They, in turn, adopted a resolution calling for proceeds of land
sales to be allocated for western water development. Moss, op. cit.,
p.- 175. '

10 Reclamation Instructions, (Series 210 Land, Part 219 Excess Land),
p. 15.
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The above guidelines were‘baséd on the following provision con-
tained in the original Reclamation Act of 1902:
"No right to the use of water for land and private owner-
ship shall be sold for a tract exceeding 160 acres to any
" one individual landowner, and no such sale shall be made to

any landowner unless he be an actual bona fide resident on
the land, or occupant thereof residing in ‘the neighborhood."

11
The acreage limitation provision pléces én-ownership'limitation
of 160 acres on irrigate@ lgnd'obtainéble b& an inéividuai. .Thellaw
has been looéely interpreted to allow .320 acres of land joiﬁtly ownéd
by a husband and wife toqbe gllocéted water from tﬁe irrigation project;
Any irriga£ed land owned over tﬁe léO acre limit (or 320 acres for
husband and wife) is called excess 1and.. fhe owner of ekcess laﬁd is
not eiigible fér projecé-water,unleéé the excess land is placed under
recordable contraét or the lands are eligible by statute.jT2 The p¥o—
vision for disposal of excess laﬁdé becamé law thréugh section 46 of

the Omnibus Adjustment Act, passed in 1926;13.

A general lack of regard for the driginél Reclamation Act and

1 D. Seckler and R. A. Young. '"Economic- and Policy Implications of,

the 160 Acre Limitation in Federal Reclamation Law,' American
Journal of Agricultural Economics, November 1978, p. 575.

2 - N
1 The recordable contract forces the owner to .sell the excess land at

a price not including the value added by the irrigation project
within five years of the inception of the contract.
3 The Omnibus Adjustment Act of 1926 also stipulated that all water
contracts must be with the irrigation district association, not
with individuals. 3 : :
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subseduent amendments Wag to follo&. As‘suggestédrby Colorado Spéﬁg:ﬂ
Uhi&ersity Professor Robert Youné;'"Thefé are féw, if any, exaﬁples
in Américan.jurisprudénée where the gap betweén de jure and de'faéfo.
looms so léfge.f%é The root of the ‘enforcement’ probléem apﬁéared to
lie in a 1912 Amendmént to the Reclamdtion Act and two subsequenf
letters from the Depa?tment of the’Intérior in 1933 and 1947.' The
1912 Amendment contained ambiguous languége, £hus making it unclear
whether it was illegal in all caées for aﬁ'individual to own more than
160 acres or only in cases where the final paymentg for bﬁilding'
charges.remain unpaid.15 A-l933 lefter'from Secretary of thé Interior -
Wilbur to the Imperial‘Irrigation District states that the iimitatidn

didn't apply to lands "...now cultivated and having a present water

16. In 1947, referring back to the 1912 Amendment, Solicitor of

right."
the Interior Cohen in a letter to the Commissioner of Reclamation
stated the 1912 Amendment meant that the full and final payment of

construction charges against excess lands would free the lands of the

acreage provision.

14 . : ) a
Statement made as a discussant at the Western Agricultural Economics

Association meetings at Montana State University in- July 1978.

15 Nancy Jones. ''Proposed Rules for Administering the Acreage
Limitation ‘of Reclamation Law.'" Natural Resource Journal,
October 1978. p. 934. :

16 pid, p. 937.

17 |

Ibid, p. 935.
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The Cohen letter (1947) and the 1912 Amenément were*tes£ed'ih:phe
courts in the United States v; Tulare Lake Can31.Company in 1976,in£;;—.'
ducing a trend in litigation aimed at énforcement of the Oﬁnibué Act
(1926). "The Court réjected the Coﬂén interﬁreta&ion of the 1912
Amendmeﬁt and rgled that all exceSslland~owners must come into com—
pliance'with Sectioq 46" of the Omnibﬁs,Adjustment Aét'by:exécuting
reco?dable contracts tovdispose of‘the excess‘l;nd.18 Iﬁ August -
1977, a three judge péﬁelifrom the Ninfh'dircuit Court denied the
validity of the.l933 letter by. Secretary Wilbur aﬁd ruled that the
imperiai Irrigation District was subject to the 160 acre'limitation;l

In 1976, National Land for the People, Inc. filed a suit against
the Bureau of Reclamation questioﬁing the approval of excesé lapd
sales in the Westlaﬁds Irrigation District!zo An injuction was
granted, in favor of National Land for the feop;e, Inc., enjoining
the Secretary of the Interior from apprOVing'land sales in the West-
lands Irrigation District until administrative rules wefe eétgb—

1ished.21 These suits provided the necessary impetus for an

18 535 724, 1093 (9th Circuit 1976).

19 U.S. Department of the Interior Proposed Rules for Enforcement of
the Reclamation Act of 1902: An Economic Analysis. Staff report

by E.S.C.S., U.S.D.A. February 1978. E.S.C.5, - 04. 7p. 3

20 417 F. Supp. 449 (1976) U.S.D.C. This suit was initiated in 1967.

21 U.S. Department of the Interior, p. 3.
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examination of the 16Q acre limitation on United- States Bureau of

Reclamation Irrigation Projects.

,Ehg_ProBlem

There are ﬁeafly 11 million acres of irrigable land under.U.S.'
Bureauvof ﬁeclamation Brojects with nea?ly 393 th;usand acres of'this
total fouﬁd in Moﬁtana.. Nationwide, irrigated agriculture écbountéd
for 8.9 pefceﬁt of total livestock.production, 22.4vperpent of tqtal
crop production and 15.9 percent of total agricultural_pfoduction in
1977. 1In Montana, irrigated agriculture accounted for 33 percént of
total value of crop production with around 20 percent of this total
generated by lands irriggted from U.S. Bureau of Reclamation Proj-
ects.22 Federally funded irrigation progects, under the U.S. Bureau

of Reclamatlorll, represent about 7% of Montana s 1rr1gated agrlcul—
. tural production. |

Montana is a land of diversity. There are differences in
soil condition, climate, crop mix and market botential for each of
the 14 irrigation aistricts_under the U.S. Bureau of Réclaﬁation, yet
all the federally funded irrigation projects fall undér the 160 acre

limitation. The 160 acre limitation was largely ignored by the

2 Montana Agricultﬁral Statistics, Vol. XVII (1976~ 77)., Montana
Department of Agriculture, W. Gordon McOmber Dlrector, p. 21 and
1976 Summary Report, p. 70.
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irrigated farmlng community as well as the Bureau of Reclamatlon until
recently. Accordlng to the Department of the Interlor there are 2.3
million acres of land classed as excess lend en prOJects:governed by
.Federal Reclamation - law out of eleveén m11110n acres eerved by the '
Bureau of Reclamatien. California has over 80 percent of all excess
ianes with Texas; Arizona, Nebreska, Montana and Wydﬁing aecounting
for a total of 7 percent.of the total excess land.23
Exeess land disposel is the majbr issue raised by_Nationai'Land_
for the People, Inc. The realization by Secretary ef the fnterior,
Cecil Andrus, that enforcement of the 160 aere limitetioh may be
realized, prompted him to propose the following pian in Aﬁgust-of 1977:
(1) An individual may own 160 acres of lahd teceiving prejeet-
water. |
2) Ag individual . can lease up to 160 acres.
(3) In family—related multiple ownerships, each individual
may own 160 acres of land receiving prpject water.
(4) ©Purchasers of excess land must teside withinASQ milee
of it. |
(5) All land_eales must be approﬁed by the Bureau of Reclama-

t:i_on.z-4

23 U.S. Department of the Interior, p. .IV.

2% 1pid. p. 2-5.
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Current feﬁisions to the August 1977 plan inélude the foliowing:vl
(1) Individuals may lease up'to'480,écres or owﬁ and leasé

not more.ﬁhan 480 acres. :Muipiple ownerships may ié;éé'

up to 960 acres of éwn and lease not more thans960

acres.

. The éurreﬁt revision offers significantly laréer ﬁpper'Bounds

on irrigated farm owneréhip and leasing.‘ Howevér, the crﬁcial char-
acteristic to be fecognized is the emphasis on farm size, not land
ownership. The critical consideration now Eecomes‘economies of size
in a farming operation; rather.than economies of size for land owner-
ship.

The Reclamation Act of 1902 provided a significant subsidy to
American irrigated égriculture and'led to the controversy over the
distribution of that.subsidy. Proponents of rigofous enforcemcnt
of the limitation advocaté a more widespread distribution of dpfor—
tunities provided by the reclamation progrém. While opponents of the
limitation, mainly farmers already benefiting from nonenforcement of
the limitation, are demanding freedom to exercise their ingenuity
within the limits of the free enterprise system. In essence the

argument boils down to the "family farm' ideology of the proponents

25 These revisions were included in a létter f;om Dr. C. V. Moore

in September of 1978.
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versus the "efficiency" argument pbsed by the opponents. Poiiticalf
compromise will .require establishing an "adequate farm size" without
eliminating the idga of the family farm. This objectivé was wéll
stated by Dr. Roy Huffman in the following:

"The family farm should remain as a basic objective in the

expenditure of public funds for irrigation development, but

it should be a concept consistent with modern agriculture.

The combination of resources which can be managed efficiently

by the family farm has changed through the years. If an

obsolete standard for the family farm is maintained in

connection with public irrigation development it may result

in the creation of a segment of agriculture which is at a-

competitive disadvantage not only with highly commercialized -
agriculture,. but the other family farms as well."26

The goals of efficiency and equity both warrant consideration.
An apparent tradeoff.éxists.A The eduity goal requires that é ma#imum
number of peoplerrealize the projegt's benefits, while the efficiency
goal requirés that farm size be of sufficient size to realize economies
of size and minimize production costs per unit of output. This study
provides some of the essential informatioﬁ necessary for policy forma—
tion concerning the 160 acre limitation. in the Lower Yellowstone River
Project in Montana. ‘To illuminate the'aforementioned.ﬁolicy considera-
tions, economies of size in farming and Fhe relationship between farm

size and net farm income will be examined.

26 Roy E. Huffman, Irrigation Development and Public Water Policy,

Ronald Press Co., New York, 1953. p. 305.
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This analysis employs a linéar progrémming-model to (1) eséimaté
the long run average cost curve and (é) estimate the net farm incéme'
obtained on alternative farm sizes, The estimation of the 1oﬁg run
average cost curve will be used to determine the felationship.between_
the costs of production and farm size. At each point along the curve,
net farm revenﬁe cén be estimated. From this informatioh'policymakers
can objectively evaluate the tradeoff between efficiency and equity
by considering the net farm revenues available on a given farm size

and the corresponding efficiencies obtained.

Research Objectives

The objectives of this study are to:

(1) Develop enterprise cost budgets for Fhe major crops grown
in District'i of the Lower Yellowstone Irrigatibn Pr&ject;

(2) Estimate short and long run average total cost curves for~
irrigated farms in District 1 of the Lower Yellowstone
Irrigation Project under specific product price and
resource assumptions;

(3) Estimate net farm revenue obtainable on various farm sizes
under specific product price and resource assumptions; and-

(4) Determine the required payments .to land ana capital at

selected levels of net farm revenue.




CHAPTER 2

LITERATURE REVIEW

The basic meéhodology reviewed in this study for estimating
long run avéragé cost curves and conséquently_economies of‘size_
extends from H. O. Cafter and G. W. Dean's work iﬁ.fhe ea;ly'1960’s
to the most recent work of A. S. Kezis in the 1970's. -Three general -
methods are employéd in economies of.siée studies: (15 describti?e,
(2) statiétical and (3) ebonomic—engigeering or synthetic firﬁ
method.’

The descriptive method involves either a direct analysis of actual

firm records or an analysis of composite firm budgets from actual firm
records. The direct analysis of actual firm records requires sampling
records from firms of various sizes. If firm reéords are readily
available, this'procedure is relétively quick and easy; However, this
direct accounfing-ﬁe£hod has somé rather severe shortcomings. Records
are not compatible across all firms. Various accdunting methods are
gmployed and the utilization of capacity.véries among firms. These
shortcomings confuse aftempts to examine ;he firm sige efficiency
relationship and thus pfovide little useful information about the
affect of firm size on a§erage production costs.

Moran employed the direct analysis of actual reéqrdé of ﬁonfeed
costs for several Arizona feedlots in 1957. At each of the sampled

feedlots the average cost per ton. of feed was calculated. The feeding
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‘operationé weré grouped éqcording to the tons of feed used per year. to
establish a felationship.betweep size and efficiency. ‘Moran f;und that
large feedlots had less than one-third of the nonfeed coéts ﬁer ton.of
feed fed when cdmpargd to the smaller fgedlots. The results of the
study were clouded by the fact that (1) feediots‘employed various per-
centages of their total capacity and (2) the observed average costs for‘
the feedlots varied with the length of the féeding period, classes of
feeders fed and the types and quantities of feed used.27-

The composite firm budget from actual firﬁ records procedure in-
volves only a slight modificaﬁion from‘the direct analysis procedure.
Firm records are separéted into size classes and a "typical firm" is
developéd for each firm size using average acreage, investment, acres
in each ctop, yielﬂ, application rates, etc. The size-efficiency |
relationship is established by comparing cosfs across each composite
or "typical firm". This procedure is quick and easy and it’sheds some
light on the internal structure of the firm. However, this proéedure
has some inherent ﬁrqblems: (1) the same basic accounting records afe
used as in the direct-analysis and thus it suffers the same problems
with the compatibility of the basic cost Aata; (2) the classification

of firms according to size require making a subjective judgment of

27 Leo J. Moran, "Nonfeed Costs of Arizona Cattle Feeding." (Arizona

Agricultural Experiment Station Technical Bulletin No. 138, December
1959.) a : '
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the ﬁidth:of class ihtervals, therefore the ";ypical firm" maylnot
represent the‘aétual average cost of firms in their respectivé class
sizes; and (3) firms 6perate at variogs perceﬁtages of full capacity
and often employ inefficient combinations of resources;‘ Therefore,
the size-efficiency relationship does not accurately refleét the po-
‘tential efficiency attainable by firms of various sizes.

Maier and Loftsgard employed the composite firm procedure in
analyzing the costs and practices of potgto'producers-in the Red
River Valley of North Dakota. A&erage costs wefe calculated per hun-
dred weight of potatoes. The farms analy;éd'were grouped into ‘three
major_groups, based on the acres of potatoes cultivafea, to compare |
the costs and.practices of potato producers as farm size increased;
The larger farms were found to have the lowest average cost. The
difference in average costs were aftfibuted to difference in size and
cultural practices.28

The second method cqmmonly used to estimate the long run average
cost cur&e is the statistical‘method,‘i.e. ordinary leést squares.
Costs are regressed on outputs to estima;e the parameters determining
the relationship between.firﬁ size aﬁd cost. This methpd is employed
to compensate for limited cost data available froﬁ firmé,'specifically

to account for excess capacity or underutilization of facilities and

-,

28 Melvin G. Mayer and Laurel D. Loftsgard. "Potato Production Costs

and Practices in the Red River Valley." (North Dakota Agricultural
Experiment Station Bulletin, No. 451, September 1964.)
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differences in reported costé and prices from firm records. Kezis
cited several problems with this approach: (1) .as with the desqriﬁfiQe
method, éécouﬁtiﬁg,data from.fgrm'records are used aﬁd caused some of
the same problems; (2) regression fallaCy‘may arise'ﬁﬁen costs are’
regfessed 6p output and capacity is not considered in the:problem :
formulafion and (3) lineér regression is an averaging téchnique,
therefore the long run average cost curve is an average LRAC cufve,
rather than an efficiency frontier as it should be.29

Carter and Dean employed this method ih.analyzing cash crop farms
in the Imperial Valley (1962). 1In the.cash crop'farm study, they -
compensated for the excess capacity problem by including a degrge of -
utilization variable in the multiple regression model. ﬁy fixing the
utilization v;riable,'each farm size céuld be evaluated on a comparable

basis. They found that (1) econon‘li'es of size could be realized up to

around 1500 to 2000 irrigated acres, (2) highly mechanized larger farms

often underutilize’ their capacity and consequently maj have higﬁer-per

unit costs than smaller operations better utilizing their capacity; and

(3) farms of any size could operate efficiently and make a reasonable

29 .
Alan S. Kezis, op. cit., p. 33.
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profit under the conditions in 1959,30
The third'method considered in fhis literature review is the syn-
thetic firm, or economic engineering method. This method allows the te-
searcher to construct firms from the best estimatérs available én pré—
duction parameters and resourceArequirements. Budgets are generéted '
from available input—outbﬁt data in an attempt to iédlate the firm size -
efficiency relationships:without interference from the degree of plant
utilization, ﬁse éf obsolete technologies,'substandard.management'prac—
ltices, etc. When a few alternative choices are considered simpie bud-
geting is adequate, however as the number of input and output options
increase mathematical programﬁing becomes'appropriate.
A host of studieé, including ones authoréd by H. 0. Carter and
E. W. Dean, R. Barker, and J. P. Madden and B. Davis have employed
synthetic firm budgeting and mathematical programming. A variable
capital programming model was employed by Carter and Dean (1961) to
calculate the maximum gross income per'dollar of capital at %arious
levels of investment.. Variable resource and price techniqués were
employed by Barker in 1960 to estimate average cost curves. Mixéd
integer programming was employed by Madden and Davis in 1965 to betfer

handle fixed costs in their economies of size analysis.

30 Harold O. Carter and Gerald W. Dean, '"Cost-Size Relationships for.
Cash Crop Farms in Imperial Valley, California." (California Agri-
cultural Experiment Station, Giannini Foundation Research Report,

No. 253, May 1962.)
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.The Madden ahd DaQis study. of ir;igated co&ton.farms on the Texag
High Plains employed éyhthetic‘firm budgeting and matﬁématic;l program-
ming. Irrigation wells, land, permanent laborers, tractérs aﬁd machin-

ery complements were available only in diécrete unigs,:which ﬁés made
possible by thé use pf mixed integer programming. Short run average
cost curves were generated by varying output, proxied by total revenue,
and thus enabling the firm size-efficiency relationship to be consid-
ered’by examining the long run éve?age_cosf curve. They found, given
“available capitai, that a one man farm could Be as efficient as any
larger farm.-

Carter and Dean in a study of California cling peacheg (1963) com—
pared two analytical methods, (1) statistical, or regression analysis,
and (2) synthetic-firm budgeting. The most significant difference be-
tween the two methods is that the syntﬁetic firm budgeting method indi-
cated smallgr reductions in average cost as farm size increased. The
ability of synthetic firm budgeting to better fit machinery to require-
ments, and thus reduce excess capacity, enablés,a more accurate estima-
tion of the potegtial efficiency attainable by diffgrent size firms;

~A. S. Kezis in a study ofuirrigated farms in the Columbia River
Basin provided tbe basic approach employed in thi; study. Kezis em-
ployed a synthetic firm-mathematical programming to approximate the
long run average cost éurve and net revenues for vafious fa%m sizes.

In his formulation, the crop mix, machinery complement and irrigation
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system are allowed to vary on a given farm size. In this study,'Kééiél
found that (1) economies of size are realized by a 320 acre farm; (2)
net revenue is responsive to changes in product prices and tﬁe 1e§el of
1ahd payments; (3) average costs and net revenue vary cpnsiderably 6n‘é
given farm size; (A) net revenue'increases,a£ a ratio slightly more
than in probdrtibn to farm size and (5) required capital invéstmeﬂts
are high for.all farm sizes-‘considered.31

The review-éf litefature highlighté'the_most ﬁidély used methods
for examiﬁing economies of size. These studies, done largely in the

1960's, are the principle works employed on more recent studies ad-

dressing -the 160 acre limitation.

Kezis, op. cit., p. V.




CHAPTER 3

THEORY AND METHODS

In this chapter, the theory and methods employed for this study
are reviewed. The theory section reviews the neoclassical price

theory relevant to the study.' The methods section outlines the data

" collected, major assumptions, the model and subsequent analysis

employed in this study.

Theory

The theoretical framework for viewing efficiency is provided by
neoclassical price theory. The basic relationship in consideriqg
these production efficiencies is the production function wﬁich relates
the level of output to the quantity of variable inputs employed. Pro-
duction efficiency is traditionally divided into three categories:
(1) technical efficiency, (2) price efficiency,.and (3) scale effi-
ciency.

Technical efficiency results from more adequate utilization of

" the resources productive capacity. If a single output is produced

utilizing one variable input with all other variables held cénstant,
the relationship between the quantity of output produced and the
quantity of the variable input used defines the concept of technical
efficiency. In Figure l,ythe area shaded under the production

function represents possible produétion. Any points bélow the
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