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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tion Policy," Unpublished doctoral dissertation, Washington State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




output

/f//’:_= F(X, X

2

FIGURE 1.

variable input

Production Function With One Variable Input.

3 e

>

¢t




.-

23
. - 32 - ; . . s L
curve are not technically efficient. Technical ‘efficiency is
increased by moving to a point on the production function, q. If
a single output is produced utilizing more than one variable input,
, 33 e el
then isocost and isoquant curves are employed. - This situation is

depicted in Figure 2. ihe isoquant curve 4 represents differeﬁt.

D
32Thls simple production function can.also be represented by the

following mathematical formulation:

(e) q° =F (’-‘1"‘;)

where
qo = level of production
X = variable input
o .
Xy = fixed input

33For simplicity, only two inputs will be allowed to vary thus refining
the original production function to

0 .
(b) g =F (Xl’XZIyl’ .o ym)
where

1 2
Y2 0 0 0 Yy = fixed inputs

x, and x, = variable inputs

By introducing input prices, rl, associated with each variable input
a total cost function for a given level of output ‘can be expressed
as follows:
n . .
(¢) TC= ¥ . rx, +b
. i'i
i=1
where b = fixed costs.
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combinatiqns of inputs'xi and xé that can be employed to produce a
specific level of oﬁtput, qq- The isocosf curve, E/xl'E/xz, repre-
sents the ratio of input prices. The concepts of technical_and
prigé efficiency éaﬁ be discussed using these functions.

For ex;mple, assume the'inAividual is.at point M Producing
oupput qi.34_Clearly ;his’is technicallylinefficient bécaﬁse the same
lével of 6utpu§ could be produced by‘emplgying‘fewer resources at

point L. Tgchnical efficiency is measured by the ratio “OL/OM.

34 This relationship can be expressed mathematically by mlnlmlzlng costs
subject to a given

1 = O‘...
Min Z = ;% + 1r,%, +b + A [q F(xl,leyl, ...ym)]

Setting the partial derivatives of Z with respect to the xi's and A
equal to 0, the first order conditions can be expressed as follows:

(d) 0Lz/ole =Ty - AF =0
VA _ _ -
(e) /0Lx2 =1, A F2 0
aZ _ o© ‘ -
Jod = q - F(x , X Iyl, vee ym) 0

where ¥, and r, is the marginal cost of the x.th input, F and F, is-
the marginal product of the x.th input and A %s the der1vat1ve o%
cost with respect to a given output level,

By setting equation (d) and (e) equal to each other it can be
shown that rl/ Co 7 or that the ratio of 1nput prices is equal

! r. = .

2 1/%, _

to the ratio of the respective marginal products, i.e. the marginal
rate of technical substitution. For this to be a MINIMUM the rele-
vant Bordered-Hessian determinant must be negative to satisfy the
second order conditions. ' B
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While production at point M i§ téchnically ineffiéient in relafiég‘
to point L, point L is pfice inefficient in relation to point ﬁ; fricé
efficiency. is attained at that point where fhe input priée ratio eqﬁalsf
the marginal rate of technical substitution. Craphicaliy,_the’fangeﬁc&
point between thé isqcost and‘iSoquant represents the least cos# com—
bination of variable inputs employed to produce a'giyén output. In

Figure 2, price efficiency'is_measurgd by thé ratio OK/OL

The product of technical efficiency (TE) and price efficiency

(PE) defines economic efficieﬁby (EE).

(1) EE'= TE x PE
EE = OL/OM X OK/OL = OK/OM
.Referring back to Figure 2, in the short-run, X, is fixed at §2,
thus the relevant short-run expansion path becomes x A.35 In the long-

2

run X, is allowed to vary and the relevant long-run expansion path

James M. Henderson and Richard E. Quandt in Microeconomics Theory:

A Mathematical Approach (McGraw-Hill Book Company, New York, 2 ed.)

p. 55. Define the short-run subject of the three restrictions:- (1)
It must be sufficiently short so that the entrepreneur is unable to
alter the levels of his fixed inputs, (2) -sufficiently short so that
the shape of the production function is not altered through techno-
logical improvements and (3) sufficiently long to allow the comple-
tion of the necessary technical processes.
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becomes OB.36

To this point, scale has been held constant as technical and price
efficiency have been considered. When scale is allowed to Qary, economic
scale (or size) efficiency is considered. David Holland summarized
the concepts of technical, price and scale efficiency as follows:

"Economic scale efficiency is the product of technical scale

efficiency and price scale efficiency, and is an overall

measure of the relative efficiency of alternative scales of

operation. Economic efficiency is now redefined to be

the product of both economic efficiency given scale-and

economic scale efficiency, with each of these measures 37

embodying measures of both price and technical efficiency.”

The graphic device employed in considering economies of size.is
the long run average cost curve.. The long run average cost curve is
generated graphicélly as an envelope curve encompassing short run.
average cost (SRAC) curves. The shape of the SRAC curve is dependent
upon the shape of the average variable and fixed cost curves. The
shape of the average variable cost curve is dependent upon the shape

of the average physical'product (A??) curve which can be shown as

follows:

I
36 Referring back to the first order conditions and putting it in impli-

cit function form it can be shown that the expansion path can be
represented by a linear equation.

7 .
David Holland, "Production Efficiency and Economies of Size in .
Agriculture," Unpublished Scientific Paper No. 5266, Washington
State University, p. 3. ~
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AvC = TC = rXx
/Q /Q
where AVC = average variable cost
TC = total cost

Q = output level

r = input price

x = input quantity
we know APP = Q/X

therefore AVC = ¢ (L )

/APP
The AVC curve is the mirror image of the APP curve, therefore, as the
average physical product curve increases, reaches a maximﬁﬁ, then
decreases; the AVC cufve decreases,AreacheS a minimﬁm, then. increases.
Since total fixed costs are constant, average fixed cbsts decreases as
outbut is increased, eventually becoming asyﬁptotié to the output
axis. .Thus the increasing and decreasing returns of the APP curve
determine the shabe of the short-run average cost curve.. In Figure'

3, the initial farm was represented by curve SAC., the farmer- is

1°

restricted to a given farm size in the short rum and is able only to

alter the variable'inputs. Efficiencies realized in the short rum

are those associated Qith better resourcevutilization, and in this

study is defined as better utilization of machinery ‘and land resources..
, In the 1oﬁg run the farmer is able to vary all inputs in the

production process. If the farmer exists in a perfectly compgfitive

economy, farm size will approach the tangency point between.minimum‘
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short and long run average cost curves, with"this‘point represeénting.

‘the competitive optimum Oq*, in Figure 3. If economies of size do exist

inlirrigated‘agriculfure, then one wbuid hypbthesige that‘irrigétéd

farms‘will approach thét:optimum size. ,Efficieﬁcies realized in the
long run are associated with economies realized from adjuétments to

farm sizé to‘better utilize available macHinery"énd-resourcés.

This theoretical development outlined abové is cbncernéd with a
single product firm. Treatment of a multi-product firm is presented by
Ralph F. Pfouts and well outlined in Alaﬁ S. Kezis' unpublished disser—
tation. The complexity of Pfouts' work need not be employed ih.this
study, thus further inqgirf is referred to Pfouts original work in !"The

1

Theory of Cost and Production in the Multi—product Firﬁ,' and Kezis dis-

sertation entitled, "An Examination of Size and Net Revenues on Columbia

Basin Farms: Implications for Acreage Limitation Policy."38

Model - )
The theory and methods discussed above are combined to devise a
model to analyze short and long run average costs and net farm revenue.

This section will discuss the procedures employed in generating the

data and the specifications of the model employéd;

38Ralph F. Pfouts, "The Theory of Cost and Production in the Multi-

product Firm", Econometrica 29 (4), (1961) pp. 650-658, and Kezis -
pp. 24-30. : ‘ '
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Data Sources

bata on irrigated farms in the state of Montaﬁé? and more specifi-
célly iﬁ the Lower Yellowstone River Valley, have been gengratéd by the
Montana Cooperative Extension Service over the past few years. The #ost
recent data collect;on exercise occurred'in Juiy and August‘of'1978.

The primary data used in this study was generated from interviews with
the farmers in 1978. Farmefs were organiéed into groups-of six or more,
representing a variety of f;rm sizes -and types.“ The farmers were chosen
by the local Coﬁnty.Agricultural Extension Agent and Irrigation Diétrict
Manager. The timing of the data collection effo;t and the limited num—
ber of very small (160 acre) and very large (1280 + acre) irrigated
farms required using those farmers willing to take time to participate
in the study. The procedures used in the primary data collecﬁiqn effpr;
are as follows:

1. Availablé published and unpublished crop and farm informafion
was supplied by the Montana Cooperative Extension Seryice, ?egional éf-
fice of the Bureau of Reclamation and Economic Reporting Servicerof the
United Stéfes Department of Agricﬁlture. Additioﬁal.information on out-
put prices and-yieids waé provided by the Montana State Crop and Livé—
stock Reporting Service.

2. Develop a calendar of operations for each major crop in the
district. The'caieﬁdars of operation were prepared from the published

and unpublished information with the assistance of University and

\
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Montana Cooperative Extension Service personnelt
3. Celiect data en input'cosfs-and maehinery performance. Thie
. information was colleceed from machinery dealers end_ehe farmers in
the survey.

4. Prepare a'pfeliminary crop budget for each crop ena review
them with University, United States Bureau of Reclamatiom aﬁd local
Cooperative Egtension personnel. The review was'accompliehed by meet-
ings in Sidney, Billings and Bozeman.with intereeted personnel from
the aforementioned institutions.

5. TForm a panel of farmers representing a wide range of farm
sizes to review the‘preliminary crop‘bﬁdgets and help specify typical
machinery complimente'and crop mixes to represent 160, 320, 640'end
1,280 acre farms for the case study district. Farmers Wefe.chosen by
.the local ‘Agricultural Extensieﬁ Aéent and the Irrigation Distriet
Manager. The farmers, representing a variety of farm sizes from 160

acres to 640 acres, assisted in the review and development of the crop

‘and total farm budget.

6. Develop total farm qugets for each farm size. The afore-
mentioned information was organized into individual crop budéets which
wefe processed using the Montana State University version of the
Oklahoma State'Buaget Generator. The assumptions utilized are summa-
rized in Appendix A. The Budget Generator utilizes the information to

generate a summary of the timing and sequence of operations, the
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machinery complement utilized, the gross revenue generated, variable

and fixed costs, the bfeak—even-price and thé labor and fuel féquire—.
ménts.

7. Present typical‘fgrm budgets to farmer.pgﬁels for re?iéw and -
revision. The crop budgets were reviewed with the farm.panels and
'other interested Extemsion personnel, farmers and businessmen.

Separate budget rﬁns are made for each crop (sugar beets, spring
wheat, barléy andﬂalfalfa ha&) on each farm size (160, 320, 640 and
1280 acres) utilizing each of three machinery complements. These four
crops were chosen because they represented the largest peréentage of
total acres planted in the Lower Yellowstone as reported byithe_U.S.
Bureau of Reclamation in ;978. The four farm sizes_repfesent the
present law, allowing no individual to farm more than 160 acres and
proposed reéulations, sugges;ing acreége limitafions of 320, 640 and
1280 acres of'ownéd and leased land pef ﬁarm.

As with the farm size specification, the three machinery lists
represent the p?esent;and'a possible situation.: The present, or
"typicél”, machinery list was generated from suggestions provided By
the farmer panel. This list incorpératéd new and used machinery with
all rates of performance and machinery specification provided by the
'panel participants.- The second machinery list employed the same:
suggestioﬁé for all tillage ana planting activities; but specified

all harvesting to be done by custom operators. These custom rates were




34
generated by utiliziné three machinery. programs provided by the Montana
Agricultural Combuter'Network, AGNEf., | . |
The.fi;st of these.maehinery programs, éntitledvfIXEDCOST, cal-
cu}ates anﬁual fixed costs as a percéntage.of purchase price by input-
ing (1) the purchése cost, (2) salvage valée, (3) fears of life, (4)
interest rate on ;hg average value and (5) the local milillevy. Anﬁﬁal 3

ownership costs are calculated by using the following assumptions:

(1) Straight line depreciation.

(2) Interest on.averagé investmént.

(3) Housing costs = .006 x averagé investment. .

(4) Insurance costs = .01 x aﬁerage investment.

(5) Taxes = mill levy x -average invesfmént.
The resulting percentage is then enteréd into program 2, entitled -
MACHINE. WMACHINE calculates fixed and yariab}e costs for field
“machines on a per acre or per hour basis by inputing tﬁé (1) machine
size, (2) list price, (3) annual acres used, (4) miscellaneous costs,
(5) fuel consumption, (6) fuel cost and (7) labor cost. Field machine
ownership and operatingﬁcosts.are calculated by using the following
assumptions; | |

(1) Rate of acc0mp1ishment, in'acyes per hour, is based

on field efficiency, speed and siée.
(é) Field efficiency, the efficienéy of_accompliéhing the

field operation, is less than 100 percent due to turning,
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6ver1ap,'r§filling seed boxes; etc.. | . o ?
(3) A labor factor is includéd to aécqunt.for labbf beyond
fhe acfual field opération. This-labor'woﬁld inélﬁde,.
@achine preparation,‘traQel to and from the:field,leté.
(4) Labor and miscellaneous césfs.are,summafizea as Part'of
the imﬁlement'operating cost.
(5) Iﬁvgstment credit or incomé:tax savings'are-notrincluded;
(6) For self-propelled machines fuel and oil become part of the
implement operating cqsf. | |
This information provided by MACHINE on fixed and variablé costs is
then entered into program 3, CUSTOM, to calculate a custom rate for
field work performed on a per hour Basis.l The rates generated were
coﬁpared with custom rates reported by farmers and found to be repre-
sentative. . |
The first two machinery lists represent typicél machinery comble—
ments. The third 1ist’représents a poséiﬁle-maéhinery complement gen-—
erated by utilizing draught requirement formulas provided by Agfidul— .
tural Engineers and an AGNET. program entitled SIZEMACH. The Agficul—
tu?al Engineering Yearb;ok of 1976 ﬁrovided a procedure to generate
the horsepower required per foot of impleﬁent. Assuming a soil type,
a slibpage rate, a field speed and efficiency, the PTO horsepower (or
drawbar horsepower) and required tractdr weigh£ was determined for

each implement, The SIZEMACH program required inputing the (1) number
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of acres to be'cﬁvered dufiﬁg the critical time pefiod,'(Z) the mini-
mum numbgf of work days in the critical time period, (3) the hours per
psuallwork day, énd.(A) field speed and efficiency to generate the size
of machinery to accohplish criticalitasks in é'specified period‘of
time.39 In short this procedure generated a "recommended" imﬁlément
and "recommended" draught power and weight. This procedure enables
the. researcher to construct a farm budgét and better isolate the farm
size - efficiency relationship:without intgfferences caused by the-

degree of plant utilization, use of obsolete technologies, etc.

Major Assumptions

Combining.the four crop enterprises, four farm sizes éﬁd'threé
machinery lists, 48 separate enterprise costs were generated comprising
12 separate farms. The 12 separate farms-&efe modelled inh a linear
programming framework to provide a ﬁethod of generating a least cost
crop mi# and machinery complement, thus generating a SRAC curve for each
farm size and consequently a LRAC curve over all farm sizes. The fol-
lowing assumptions were incorporated into the linear programming model:

1. Only sugar beets, spring wheat, feed bariey and alfalfa

hay could be grown.

3 - .
? The critical days for a given task was generated from information

provided by the Huntley Project and Sidney Agricultural Experiment-
Stations. The suitable days available for field were taken from
R. C. Greer and W. A. Yaeger's publication entitled, "Estimated
Days Suitable for Fieldwork." . (Montana State Agricultural Experi-
ment Station Research Report No. 67, December 1974).
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Sugar beets could be grown on no more than 50 percent of
the irrigable acreage. This approximates the actual situ-
ation, since the maximum.sugar beet acreages are set by

the sugar beet processor.

. Spring wheat, feed barléy and alfalfa hay could be 100

pércent_pf.the irrigabie acreage.

Totél water supplied was coﬁstréined at 25.44 acre incheé
per irrigabie écre per year. Tﬁis figure represents the
average water supply avéilable to férmérs on-the-projéct
over the past five years.

The water price is $.445 per acre-~inch. This water price
is not repfesentative of current water charges, since

at present, water is charged on a per acre basié of $9.50
per acre. Assuming-that water demanded equais water sup-
plied, the $;445Hacre is a weighted average price with
the relative weights being the percent of irrigable

acres typically planted into sugar beets’ spring wheat,
barley and alfalfa hay.

An unlimitéd supply of labor is availalbe at $5;00 per
houf. This labor price is reflective of the wage de-
manded by hired labor in the.area and thé opportunity
cost of the operators time engaged in working as a

laborer.
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7. TIrrigable land is limited to the farm size designated
minus land set aside for ditches, roads, etc. " Five per-
cent of_the total acreage on each farm size'is set aside

" for ditéhés, roads, etc.

8. All irriééble land must be planted into.a crop. No
acres.wili be allowed ‘to remain fallbw.

9. All land is flobd; or surface ifrigated, with an irrigation

" efficiency of 70 percent.

10. Capitallis unlimited at an interest rate of 10.3 percent
which was the Production Credit AsSociation rate on July
1, 1978.

11. All soil is-homogeneous and capable of growing each of
the crops.

12. Either all or none of the har&esting is doﬁe with custom
éperators.

13. All new machinery and input prices are reflective of
July 1978 prices. All new and used machinery p;ices
were taken from'estimates provided by machinery dealers. -

14. Farm operators have average management abilities. Mén—
‘agement cost is estimated as 7‘percent of gross revenue.

The coét minimiéation objective coupled with the above assumptions

allows a model to be specified.
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Model Specification

This lineap progyémminé model offers a divergence from neoclaésical
pricé theory. ‘In neoclasgical theory the shape of the SRAC‘curveﬂis-
.determined by the increasing and deéreasing'pagginal productivity of
the variable inputs'and by the spreaaipg oﬁt pf the fixed costs associ-'
ated wifh fheifixed'inputs. In this férmulatibn, all.variable inputs
Cfertilizer, séed, étc.) are détermined in the crop'budéets.. The lin-
ear programming modeél chooses the least cost combinations of érSps and
machiﬁefy complements,‘thus making the variable factors the'crop mix
and machinery complement. Therefore, thg shape éf the SRAC curve de-
rived from this data,se£.must be due to (1) thé crop combination.and/of.
(2) the lumpinéss of the fixed inputs, in this case the machinery‘ .
ufilized.' Thié formulgtion allows the following linear prdgfamming
model specification{ |

Minimize Totai Coét = Production costs + labor coét + water

cost + ownership costs of specialized ﬁachinefy.

Subjeqt to: ‘

a. total water used < 25.44 acre-inches per irrigable acre.

b. total land irrigable-= total acreage minus waste.

~c. total sugar beet acreage 5_56 percént'of fotal i;rigable ,
aéres. |

d. spring wheat, barley and alfalfa ﬁay_can be 100 percent

of total irrigated acreage.
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‘e. total fevénue.='cqnstant (éelected-levels’of total
revenue).
f.. ownership costs of specialized ﬁachine;y are included,
utilizing the gapacity of a givén machinery complement.

Each is specified as:

objective function: FjZj + ViXj

reference row: . - capaéity + aXj
Where B " Fj =.fixed cost
| Zj = integer, o or 1
Vi = yariaﬁle cost

Xj = service activity

The ﬁathématical'programming cﬁooses a crop ﬁix and méchinery.
complement, thus é priori total fixed cosfs for a farm are nof known.
For each crop a machinery compleméﬁt specific to that crop was de£er—
mined. The total fixed costs for each enterprise were attributed ‘to
that specific enterprise and included via integer programming. This
"either-or" formulation allows a lump sum to be entered into the
solution and simplifies the procedure for inclusion of fixed costs.

This modellallows several different crop mixes to en£er the
solution, therefore a method had to Be devised to measure output in
terms common to each of. these crops. " This qonvention, employed by
Carter and Dean, is to express oﬁtput in terms of totai revenue,

price times quantity, and in turn express average cost as total cost
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divided by total revenue. Utilizing these proxies for output and'aver—
age cost allows the model to consider ﬁulfiple products, rather than
a‘single product-in the solution. ‘ |

.As mentibned abo%é,'lZ model farms_representiﬁg the four farm
sizes and threé machinery lists were férmulated in.a linear programming
formap. The input csefficient.for the matricés are summarizgd in the
ﬁables of Appéndix B. .The matrices and aﬁ explaﬁation.appéar in Appen-
dix C. TFor each farm size, an optimal,vor least cost, éolution is
derived for specific:levels of totél revenue. The line éonnecting
these_discrete points is the SRAC curve for a given farm siée specified
'in acres.

The envelope curve formed by the SRAC curve generatgs the curve of
most interest for fhis sFudy, the LRAC curve. Prices were increased and
decreésed by 25 percent to form a band around the SRAC curve and LRAC
curve to simulate possible price fluctuationé.

The model, as séecified, allows only an analysis of technical effi-
ciénc& in the short run and that po?tion of economic scéle efficiency
attributed to technical écale efficiency in the long run. A noée of
caution is'warfanted iﬁ'interpreting these rgsults as measures of eco-
nomic efficiency in';he'short run and‘economié scale:efficiency,in the
long run as defined by Holland. The information,collected to'éstihate

price efficiency and thus price scale efficiency was not\éomplete,
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'_therefqre'ghe fesults of fhis studj‘igéiude'only the teéﬁhical‘éoﬁ_
Iponent.:.it_will be left to fﬁrthe? Aata_céliéctioﬁfand téseéf&h:to
PrOVide'the,infoyﬁatiqq:needéd,to captufe economié'écale-éfficieﬁcy'gs_

- defined by Dr. Holland.




CHAPTER 4

RESULTS

Economies of size and net revenue relétionships’afe-pfesented'in:
this chapter for 160, 320, 640 and 1280 acfé fafms in District 1 ofAthé
-Lower.Ygl;owstone River Irrigation P?oject. -Economies.of size are énaj
lyzed by examining.ayerége cost curves, where average cost ‘is the fotal
cost pef dollar Qf physical output. When multiple physicai oﬁtputs aré
considered, output must be presentéd in common terms.. In this study,
.output is proxied by total revénue, product price times the quantity
produced; and average cost is proxied by total cost divided'by total
revenue as wés juStified'in Chapter 3. Thg resulting short_?un'average
cost curve is a locus of pqints depicting . optimal farm types, defiﬁéd
by a crop mix and ﬁachinery complément,_on a given farm size at various
levels of total revenue. The variability in climate, soil conditions
and cultural patterns th;opgh0ut Montana prevents the extension of
these results as representative of all irrigated agriculture in Montana.

The price, yield and.COSt of production data are summarized in Ap—
pendices A and B. The 1evel§ of total revenue were selected between the
‘minimum and maximﬁm levels of total revenue attainable on a given farm
éize. In Section I, net revenue is defined as the return to management
gnd land. 1In Sectioﬁs iI and ITII, land and capital ﬁaymént schemeé are

examined and the net return to operator management is.considered,
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I. SRAC and Net Revenue Relationships

" 160 Acre Farm

The SRAC and net revenue curves for the 160 acre farm are suﬁma—
rized in Téble 1 and the SRAC and nét revénue curves with a8 25 percent

increase and decrease in product prices are summarized in Table 2. .The

~ SRAC curve is depicted graphically in Figure 4 by line segment AA'.

Table -1l indicates that efficiency, measured by~TC/TR, and NR vary
considerably af various levels .of farm-output. A farm growing only
barley has an average cost of 1.19 while a sugar beet and wheat farm

has ‘an average cost of 0.88. ©Net revenue varies from $-3,717.53 on

‘the barley farm to $6,984.01 on the sugar beet and spring wheat farm

The only change_taking place as one moves along tﬁe SRAC curve for
a 160 acre farm is in'the crop mix. Aé low levels of total reVgnue,
barley is the predominate crop while at higher levels of total revenue,
sugar beets become the most prominant crop. Machine;y 1iét 6né is em-
ployed on all 160 acre farms. fhis machinery list contains the smallest
equipment available from local implement dealers with all harvesting
accomplished by custom operators. Custom harvesting offered a signifi—
cant savingé bécause the farmer did not incur the relatively high fixed
costs of owning harvesting equipment.

The- use of custom services hinges on their availability. -in this
survey few custom operators were identified, therefore producers were

often not faced with the option of employing a custom operator. The




Table 1

Short Run Average Cost and Net Revenue Curves
for a 160 Acre Farm in District 1 of the
Lower Yellowstone Irrigation Project

; 1 Optimal Solution Machinery
Case Total Revenue Total Cost TC/TR Net Revenue - Acreage2 Crop List
$19374.00 . $23091.53 1.19 $- 3717.53 152.0  Barley ' . 1
(39960.79) (2.06) (-20586.79) . : '

31200.00 32000 40 1.02 - 800.40 27.5  Sugar Beets 1
(49760.44) (1.59) (-18560.44) 124.5 Barley

38470.00 3645970 .95 ' 2010.30 41.3  Sugar Beets 1
(54665.67) (1.42) (-16195.67) 110.7 Barley

44830.00 40911.97 .91 3918.03 55.1 Sugar Beets 1
. (59563.17) (1.33) (-14733.17) 96.9 Barley

56117.00 49132.99 .88 " 6984.01 - 76.0  Sugar Beets 1

’ (68606.29) (1.22) (-12489.29) 76.0, -.Spring Wheat

1 The total cost calculation in parentheses includes a 7% opportunity cost for land value and a management charge equal to
(TC - opportunity cost of land) times .10%. This calculation is included for a comparison across other states in western
region in the original U.S.D.A. - U.S.B.R. project supervised by Dr. C.V. Moore and Mr. David Wilson. :

2 Five percent of the total acreage is classified as nonirrigable land for ditches, roads, etc.

'V
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Table 2

160 Acre SRAC and Net Revenue Curves Assuming a 25 Percent
Increase and a 25-Percent Decrease in Product Price

Total Cost/ .
Case . Total Revenue Total Cost Total Revenue Net” Revenue |

25% Increase in'Product.Price

1. $24217.50 . $23091.53 95 $1125.97 -

. : - (39960.79) o (1.65) (~15743.29)
2. . 39000.00 ~ +32000.40 ° - .82 © . 6999.60
(49760.44) - (1.28) . {~10760.44)
R 48087.50 - 36459.70 76 11627.80 .
: : (54665.67) (1.14) " (-6578.17)
b 56037.50 - .40011.97 .73 15125.53
: ~ (59563.17) (1.06) (-3525:67)
5. - 70146.25 49132.99- .70 - 21013.26
: (68606. 29) € .97 (1539.96)

25% Decrease in Product Price

1. $14530.50 _ . $23091.53 C i.59 . - $-8561-.03

(39960.79) (2.75) (~25430.29) -
2. 23400.00. - 32000.40 ST 137 - -8600.40
- (49760.44) - .(2.13) - (~26360.44)

3. 28853.00 36459.70 1.26 o -7606.70.
- (54665.67) (1.89) (-25812.67) -

4. 33623.00 . 40911.97 1.22 ‘ " -7288.97
(59563.17) © (17D (~25940:17) °

5. 42087.80 _ 49132.99° : 1.17 ~7045.19

(68606.29) (1.63) . (-26518..49).
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'most,effiCient and maximum net revenue generating farm types were the

seme.in.this case. TheyIWere attained on'a sugar beet and spring;wheat

farm utiliziné machinery list 1.

Changes in- product pr1ce have rather 51gn1f1cant effects on farm

effrc1ency and-net revenue (Table 2).. Case- Flve is the most eff1c1ent

" and net. revenue maximizing farm. An increase.in product price of 25

- percent decreases average cost from 0.88 to 0.70 and-increases maximum

net reﬁenue from“$6,984101 to $21,013;26.| A decrease in product-price,;‘

" of 25 percent increases.average cost from 0.88 to'1.17 and decreases

maximuh net revenue from $6,984.01 to $~7,945;19. The change in prod-
uct price does:not change the optimai_solution because product~?rice‘

relationships remain the -same.

320 Acre Farm

The SRAC and net revenue curves for the 160 acre farm are summa-

'rized in Table 3 and the SRAC and net. revenue curves with a,25.percent A

'increase and decrease in product prices arefsummarized in Table.&.» The

" SRAC curve is deplcted graphlcally in Flgure 4 by line segment BB'

. The SRAC and net’ revenue curves are 31m11ar to those for the 160

~acre farm. Table 3 indlcates that:eff1C1ency and net revenue vary con-

siderably-es total revenue changee. Average‘costs decrease from 1.01,
for a. oarley only farm, to 0.78 for a sugar beet and sprlng wheat farm.h

Net revenue ranges between $- 578 94 and $24, 948 26 -for these farms.




Table 3

.Short Run Average- Cost and Net Revenue Curves
for a 320 Acreé Farm in District 1 of the
Lower Yellowstone Irrigation Project

. 1 Optimal Solution . Machingr&
Case Total Revenua Total Cost TC/TR Net Revenue Acreage Crop ] i List
1. * $38748.00 " $39326.94 1.01 $- 578.94 304.0  Barley 1
(72379.63) (1.87) (-33631.63)
.2, . 64200.00 56040.39 .87 8159.61 55.0 Sugér Beets 1
‘ -(90764.43) (1.41) (=26564.43) 249.0 Barley .
3. 76940.00 64406.30 .83 12533.70 82.6 Sugar Beets 1
(99966.93) (1.30). (-23026.93) 221.0 Barley
4. 89660.00 72759.08 .81 16900.92 110.0 Sugar Beets 1.
(109155.00) (1.22) (~19495.00) 194.0 Barley |
5. 112234.00 87285.74 .78 . 24948.26 152.0 Sugar Beets 3
(1.11), (-12900.31) 152.0 Spring Wheat o

(125134.31)

1.The total cost calculation in parentheses includes a 7% opportunity cost for land value and a management charge equal to

(TC - opportunity cost of land) times 10%.

region in the original U.S.D.A. - U.S.B.R. project supervised by Dr. C.V. Moore and Mr. David Wilson.

2 Five percent of the total acreage is classified as nonirrigable land for ditches, roads, etc. =

This calculation is included for a comparison across other states in western

6%
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' The crop mix and machinery complement change as one.moves- along

_the -SRAC curve. At low levels of total revenue barley is the predomi—
'rnant crop-and machinery complement one is'employed. At‘the.higher lev-
els.of total revenue;'sngar heets-and’Wheat are the prominant cropshand~A:
machinery list'three is employed.,:
' lhe primaryidifference betmeen'machinery lists one and three isd;
.that:machinery'list one assumes all,harvesting is accomplished bv custom .
operators while machinery llSt three contains harvesting equipment On
the farm type depicted by Case Five, the custom harvestlng charges ex;j
rceed,the:costs of owning and operating<the harvesting equipment.
‘Prodnct price changes of éS'percent'above and below average‘prod— :
uct price are summarized in‘Table 4: .An increase in product price of
25 percent decreases average cost - from -0.78 to 6 62 and max1mnm.net
revenue increases from $24, 948 26 to $53 006.76. " A decrease in prod—
uct priceS'by 25 percent increases average cost fromv0w78'to 1.04 and.
maximum net revenue decreases from $24,94$.26 to $-3,110.24.

The economies gained by moving>from the2160ft0‘320 acre farm are
attributed to~fuller otilization of‘available machinery capacity. The
machine lists for the 160 and 320 acre tarms are essentially the same,
thus indicating that.excess machine.capacity exists on the.l60.aCre
farm.' Thejdistribution:pf the fi%ed.costs over more acres acconnts‘for

‘the economies achieved.
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Table 4

320 Acre Farm SRAC and Net Revenue Curves Assuming a-25 Percent
JIncrease and a 25 Percent Decrease in Product Frice :

. - Total Cost/ . .
Case Total Revenue ’ Total Cost . Total Revenue ' -'Net Revenue

257 Incfease in Ero@ucE Price

1. $48435.00 . $39326.94° .. ° - 81 . . $9108.06
. o _ (72379.63) (1.49) T (£23944.63)

2. 80250.00 56040.39 - .70 ‘ 24209.61
: : o (90764.43) " (1.13) . T(-10514.43)
3. T 96175.00 - 64406.30 - .67 . 31768.70
R (99966.93).© . (1.04) - (-3791.93)

4. 112075.00 . 72759.08 . . - .65 ) . 39315.92
: (109155.00) . (97 . (2920.00)

.5. 140292.50 - 87285.74 .62 53006.76

(125134.31) (.89 ~ (15158.19)

25% Decrease in Product Price

1. $29061.00 $39326.94 1.35 $-10265.94
. - (72379.63) (2.49) (-43318.63)

2. - 48150.00 56040. 39 ' 1.16 . -7890.39
(90764.43) (1.89) . (-42614.43)°

3. : 57705..00 64406.30 1.12 " -6701.30
: (99966.93) . (1.7  (-42261.93) -

4. 67245.00 72759.08 1.08 . -5514.08
(109155.00) (1.62) : (-41910.00)

5. 84175.50 87285.74 1.04 -3110.24

(125134.31) - (1.49) - N (-40958.81)
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640 Acre Farm

.The SRAC and net revenue curves for the 640 acre farm are sﬁmma—
rized in Table 5 and the SRAC and net revenue curves with a 25.péréent
increase and decrease in product prices are summarized in Tablel6; The
SRAC curve is depicted graphically in Figure_ﬁ by.line segment CC'.

The shapes of the SRAC and net reyéﬁue éﬁrves are similaf to fhose
of the ﬁrévious farm'sizes. The avérage costs for the barléy only farm
are 0:89 while the.avefage cost for fhe.sugar beet and:wheat farm is
0.66. thg, the corresponding average_coéts for the £60 acre farm afe
1.19 and 0.88 and for the 320 acre farm are 1.01 and '0.78. -In this
study, all economies of size are realized by the 640 acre farm. Net
revenue variés-betweep $8,528.05 and $75,8é6.28 éérosé-optimal farm
types at a given production level.,

The machinery lists employed on the 640 acre farm‘requixed thé in-
clusion of larger machinery, than that employed on the 320 écre‘farm,
in order to accomplish the required task in‘the time available. Ma-
chinery list three is employed on all optimal solution farms except the
Barleylfarm. This.machinery'list includes the smallest macﬁiné‘capable
of accomplishing a task in time, conséquently this machiﬁery_complemént
is utilized closest to dabaéity.

Table 6‘indicatés that price fluctuation remains an iﬁpoftant

source of variation in average cost and net revenue. 'When product

r




Table 5 °

Short Run Average Cost and Net Revenue Curves
for a 640 Acre Farm in District 1 of the
Lower Yellowstone Irrigation Project

. Opﬁimal Solution : - Machinery

Case -~ Total -Revenue Total QOstl _ TC/TR Net Revenue Acreage2 Crggi - - List
$77496.00 $68967.95 .89 $8528.05 ' 608.0 - Barley ST
o (134104.75) (1.73) (-56608.75) -

128400.00 " 100595.39 . .78 27804.61 110.0 Sugar Beets : 3
(168894.93) (1.32), (-40494,93) 498.0 Barley .

153880.00 . 112698.17 R & 41181.83 165.0 Sugar Beets 3

: (182207.99) (1.18) (~28327.99) 443.0 Barley

179320.00 , 124781.97 - .70 " 54538.03 220.0 = Sugar Beets 3
(195500.17) (L.09)  °  (-16180.17) © 388.0 Barley ‘

224468.00 148641.72 ..66 . 75826.28 " 304.0 Sugar Beets 3

(221745.89) (.99) ) (2722.11) - 304.0 Spring VWheat,

The total cost calculation in parentheses includes a 7% opportunity cost for land value.and a management charge equal to
(IC - opportunity cost of land) times 10%. This calculation is included for a comparison across other states in western
region in the original U.S.D.A. - U.S.B. R. project supervised by Dr. D.V. Moore and Mr. David Wllson.

Five percent of the total acréage is classified as nonirrigable land for ditches, roads, etc.

139




Table 6
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640 Acre. Farm SRAC and Net Revenue Curve Assuming a 25 Percent

Increase and a 25 Percent Decrease in Product Price

Total Cost/

Case Total Revenue Total Cost Total Revenue Net Revenue
25% Increase in Product Price

1. $96870.00 $68967.95 71 $27902.05
(134104.75) (1.38) (-37234.75)

2. 160500.00 100595.39 .63 59904.61
(168894.93) (1.05) (~8394.93)

3. 192350.00 112698.17 .59 79561.83
© (182207.99) (.95) (10142.01)

4. 224150.00 124781.97 .56 99368.03
(195500.17) (.87) (28649.83)

5. 280585.00 148641.72 .53 131943.28
(221745.89) (.79) (58839.11)

25% Decrease in Product Price

1. $58122.00 $68967.95 1.19 $-10845.93
(134104.75) (2.31) (-75982.75)

2. 96300. 00 100595.39 1.04 -4295.38
(168894.93) (1.75) (~72594.93)

3. 115410.00 112698.17 .98 2711.83
i (182207.99) (1.58) (-66797.99)
4. 134490.00 124781.97 .93° 9708.03
(195500.17) (1.45) (-61010.17)

5. 168351.00 148641.72 .88 19709.28

. (221745.89) (1.32)

© (~53394.89)
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prices are increased by 25 percent, average cost decreaégs froﬁ‘otéé to
0.53 and net re&enue_incfeases from $75,826.28 to $131,943.28. When‘>‘
product prices are decreased by 25 percent, avefage costs increase ffoﬁ

0.66 to 0.88 and net revenue decfeases from $75,826.28 to $19,709.28.

1280 Acre Farm

SRAC énd net revenue curves are summarized in Table 7'and the SRAC
and net revenue curves with a 25 percent increase and decreasé in prod-
uct price are summarized in Table 8. The SRAC curve is debicted graph-
jcally in Figure 4 by line segment DD’'. : i

Once again, the shape of the SRAC and net revenue curves are simi-
lar to those of the other farm sizes. Efficiency, measured by average
cost, decreased from 0.83 on the barley onlyﬁfarm to. 0.70 on tﬁe éugér
beet and spring wheat'farm; Net revenue increases from $27,067.02 to
$135,030.30 as one moves aloné the SRAC curve. The increase in average
cost, and hence decrease in efficiency, from the 640 to 1280 acre farm
is the result of fuller utiliiation of farm machinery on the 640 acre
farm. In order to satisfy the timeliﬁess constraints bﬁ the 1280 acre
farm, some farm machinery, i.e; sugar beet equipment, was duplicated.
The additional machinery created excess capacity,las the additional
m;chinery was underutilized.

Machiﬁery iist three is employed.on all farm types except for the

barley only farm. In this machinery list, excess machinery capacity




Table 7

Short Run Average Cost and Net Revenue Curves
for a 1280 Acre Farm in District 1 of the
Lower Yellowstone Irrigation Project

1 . Optimal, Solution i Machinery
Casée Total Revenue Total Cost TC/TR Net Revenue Acreage Crop - List
1. $154992.00 $127924.98 .83 $27067.02 1216.0 Barley 1
. © (257197.48) (1.66) . (-102205.48) .
2. $256800.00 194140.54 ' .76 : 62659.46 220.0 Sugar Beets . 3
. (330034.59) (1.29) (-73234.59) 996.0 Barley
3. $307760 .00 225105.68 .73 82654.32 330.0 Sugar Beets 3
(364096.,25) (1.18) (-56336.25) ° 886.0 Barley .
4. i $358640.00 256022.21 71 102617.79 440.0 . Sugar Beets . 3
(398104.43) (1.11) (~39464.43) 776.0 Barley
5. ) $448936.00 313905.70 .70 - 135030.30 608.0 Sugar Beets ‘ 3
(461776.27) (1.03) (—12840.27) 608.0 Spring Wheat

L The total cost calculation in parentheses includes a 7% opportunity cost for land value and a management éharge equal to
(TC - opportunity cost of land) times 10%. This calculation is included for a compariscn across other states in_westérn
region in the original U.S$.D,A. - U.S.B.R. project supervised by Dr. D.V. Moore and Mr. David Wilson.

2 Five percent of the total acreage is classified as nonirrigable land for ditches, roads, etc.

9¢
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is mihimized‘and‘hence it .is employed insteéd of machiﬁery lists one
'aqd two, which contain iarger land preﬁaration aﬁd'grain harvesting

‘ '
equipmeﬁt.‘ .

Table 8 indicateé that a change in product price is an importént

sourcé of .variation in average cost and net révenue. Wﬂen p?oduct price
is increasea by 25 percent, averége costs Aecrease from“0.70 to O.Sé énd
net revenue increases from $135,0BQ.30 to $246,589.30. When produc£

prices are decreased by 25 percent, average costs increase from 0.70 to

0.93 and net revenue decreases from $135,030 to $22,796.30.

Long Rup Average Cost Curve
A long run average cost curve ié formed by sketching an envelope‘

- tangent to the SRAC curves. The relevént coﬁsideration is where most
significant economies of size are attained and over what range of out-
put, total revenue, they are increasing or-decregsing. The -sources of
economies of size along'the SRAC curve are the lumpiness of the typical

. fixed.inputs (i.e.nmchinery) and the optimal érop mix seleé;ed. The

source of economies of sizé along the LRAC, and among SRAC curveé de-

picting optimal farm types on a gi&en land area, are the spreading out.
of fixed cost, i.e. machinery fixed costs, over mpfg acres, and the use
of more efficient machinery.

The LRAC curve is depicted graphically in Figure 1. The bold

" lines are the SRAC and LRAC at the base prices while the dashed lines
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Table 8 -

1280 Acre Farm SRAC and Net Revenue Curves Assuming a 25 Percent
Increase and a 25 Percent Decrease in Product Price

Total Cost/

Case Total Revenue Total Cost Total Revenue " Net Revenue
25% Increase in Product Price
1. $193740.00 $127924.98 .66 $65815.02
(257197.48) (1.33) (-63457.48)
.2, 321000.00 194140.54 .60 126859.46
. (330034.59) (1.02) (-9034.59)
3. 384-700.00 225105.68 .59 159594.32
(364096.25) (.95) (20603.75)
4. 44830000 256022.21 .57 192277.79
(398104.43) (.89) (50195.57)
5. 560495, 00 313905.70 . .56 . 246589.30
: . (461275.40) - (.82) (99219.6)
25% Decrease in Product Price
1. $116244.00 $127924.98 ' 1.1 $-11680.99
(257197.48) (2.21) © (-140953.48)
2. 192600.00 194140.54 1.0 -1540.54
. (330034.59) (1.71) (-137434.59)
3. 230820.00 225105.68 .98 5714.32
. (364096.25) (1.58) + (-133276.25)
4. 268980.00 256022.21 .95 12957.79
: (398104.43) (1.48) (-129124.43)
5. 336702.00 . 313905.70 .93 22796.30

(461275.40) (1.37) (-124573.4)
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represent the hypothetical 25 percent product price vépiétions aroﬁné
the base product prices. Among the SRAC curves average cost decreéses
from 0.88 to 0.78 fr;m the 160 to 326 acre farm;'0.78 to 0.66 from #ﬁe'
320 to 640 acre farm and increases from 0.§6.to 0.70 from the 640'£o
1280 acre farm. The LRAC curve would indicate that all technical scale
economies are fealized by the 640 acre farm with slight technical scéleA
&iseconomies, ana increases in net revenue, realiéed in:moving to the
1280 agre‘farm. Net revenue ranges between $6,984.01.and.$135,030}30
along the LRAC curve.

Changes iﬁ product price contribute -to more substantial chahgés in
average cost than do economies of size. Average costs, on the most ef-
ficient farmé,decrease 0.22 from 9.88 to 9.66 across ‘all farm sizes.
When product prices are allowed to'vary in the 25 percent rénge; aver—
age costs may vary as much as 0.47 from 9.70 to.1.17 on a 160 acre |
farm, 0.42 from 0.62 to 1.04 on a 320 acre farm, 0.35 frém 0.53 to 0.88
on a.640 acre farm and 0.37 from 0.56 to 0.93 on a 1280 aére farm.

For the most efficient and maximum net revenue generating farms,
Case Five, net revenue per acre increased.by $74.83 from 43.65 to

118.48 per acre across all farm sizes.
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ITI. Land Payments

The primary issue posed by the National Land for the People, Inc.
%as concerniné the disposal of excess ;ands. The results reporte& in
Section I, enabled the'policymaker to evaluate possible acreage iimitaf
tions based on economic efficiency only and hence determine which land
should be classifiéd as excess land. In tﬁis section,.the.rolé of land
and capitéi investments Qill be examined with regard to their effect
on farm viability.

To this juncture,.net revenue ﬁas been defined as the return to -
operator management and land. In this section, net revenue is defined
as the retu?n to,oferatbr manageﬁent only'as‘various land payment -
schemes are cqnsidered. The 1aﬁd payment arrangements are typical'sit—
uations féced by the Federal Land Bank (F.L.B.), Farmers Home A&minis;
tration (Fm.H.A.) and local banks near the.irrigation District in July
of 1978. They are as follows:

1. 8% percent interést'rate, 25 year mortgage, 50 percent

equity (Federal Land Bank, July 1978);
‘2. 5 percent interest rate, 40 year mortgage, 25 percent
equity (Farmers Home Adminiétration, July 1978); and
3. 9% percent interest rate, 15 year ﬁortgage, 40.pefcent
equity (Local Banks, July 1978).
The three land payment options,typify two situatiens. Options one and

three typify the established farmer interested in enlarging His_present
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‘1and holdings by borrowing from.fhe Federai Land Bank or the local
bank. Option two typifies the beginning farmer purchasing a parcel of
land to establish a viable farming operation.

Two land prices will be considered; "(1) a post-project price of
$1,300 reflectiﬁg the improvements offered by the irrigation project
and (2) a pre-project price of $700 not reflecting the.bépefifs.of the
irrigation project.40 These two prices rgpresent two propoéals for the
disposal of excess land. The first proposal woﬁld simply alléw excess .
land owners to sell the land at whatever p?ice they coﬁld caﬁture in
the market. The second proposai would require the land to be sold at

a pre-project, or unimprovéd price, by the.Secretary of the Interior.

160 Acre Farm

-

3

‘Tablé 9 summarizes the possible net fevenue obtainable on .the ﬁost
efficient 16Q acre farm at a post-project land price of $1,300 per acre.
Table 10 summarizes the possible net revenue obtéinable on the most ef-
ficient 160 acre farm at a pre—project‘iand price of $700 per acre. At
a land price of $1,300 per acre, annual land payments range from $9,091
to $15,942 and, in turn, net revenue may vary from $11,921.87 to
$-22,987.60 (Table,9)a At a land price of $700 per acre, annual land
payments range from‘$4,895 to $8,584 and, iﬁ turn, net révénue may vary

from $16,117.89 to $-15,629.57 (Table 10).

40 These figures wére generated by Mr. Russell H. Murray, -a staff

appraiser for the Bureau of Reclamation in August of 1978.
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Table 9

Net Revenue After Land Payment -Assuming the

Post Project Land Price of $1300 Per Acre

Possible NR - Optionsa

1 2 3
Farm Size and Type Prices . .
160 Most efficient _ basic $-3178.00 $-2107.38 $-8958.40
" 25% Inc. 10851.25 11921.87 " 5070.85
" . 25% Dec. -17207.20 -16136.58 ~22987.60
320 Most efficient . basic 4624;23 1 6765.47 +=6936.57
" 25% Inc, 32682.73 34823.97 21121.93
25% Dec. —234}4.27 -21293.03 =34995.07 -
640 Most efficient basic 35178.28 - 39460.71 12056.63
257% Inc. 91295.22 95577.71 68173.63
257 Dec. -20938.78 -16656.29 -44060.37
1280 Most efficient basic 53734.18 62299.15 7490.99
' 25% Inc. 165293.18 173858.15 119049.99
257 Dec. ~58499.82 ~49934.85 ~104743.01

P
1
4 The -three options represent three

they are as follows:

possible land pa&ﬁent situations and

1. 8 1/2 percent interest, 25 year mortgage, 50 percent equity

(F.L.B., July 1978).

2. 5 percent interest rate, 40 year mortgage, 25 percent equity

(Fm.H.A., July 1978).
3. 9 1/2 percent interest rate,
(Local bank, July 1978).

15 year mortgage, 40. percent equity
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Table 10

Net Revenue After Land Payment Assuming the
Pre~project Land Price of $700 per Acre

. A
Possible NR Options

Farm Size/Type Prices .1 2 3
160 Most efficient basic $1512.16 $2088. 64 $-1600.37
25% Inc. . 15541.41 16117.89 12428.88
‘ 257% Dec. -12517.04 -11940.56 -15629.57
! 320 Most efficient baslic 14004.55 15157.53 7779.51
‘_ 25% Inc. 42063.05 43216.03 35838.01
. 25% Dec. ~14053.95 -12900.97 -20278.99
640 Most efficient basic 53938.86 56244.82 41488.77
25% Inc. 110055.86 112361.82 97605.77
25% Dec. -2178.14 127.82 " -14628.23
1280 Most efficient basic 91255.47 95867.38 66355.29
257 Inc. 202814.47 207426.38 177914.29
25% Dec. -20978.53 -16366.62 -45878.71

8The three options represent three possible land payment situations and
they are as follows:

1. 8 1/2 percent interest rate, 25 year mortgage, 50 percent equity
(F.L.B., July 1978). ’

2. 5 percent interest rate, 40 year mortgage, 25 perceant equity
(Fm.H.A., July 1978). , .

3. 9 1/2 perceant interest rate, 15 year mortgage, 40 percent equity
(Local bank, July 1978).
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The farmer conoidering a land purchaoé faces a wide variation in
possible returns to oanagement even under the smallost annual land pay-
ment arrangement, option 2. At a land prlce of $1,300 per acre, net
revenue varles from $11,921.87 to $-16,136.58 (Table 9) At a land
price of $700 per acre,-net revenue varios from $16,117.89 to
$-11,940.56 (Table 10);‘ Under the assumption of basio product prices;
net revenoe is $-2,107.38 andl$2,088.64 with land prices of $1,300 .and
$700 per acre, fospectiﬁely. Net revenue pef.acre, at the land prices

of $1,300 and $700 per acre, are $-13.17 and $13.05, respectively.

320 Acre Farm

Annual land payments range from $18,183 to $31,885 and, in %urn,
net revenue varies from $34,823.97 toA$—34,995.07 at a land price of
$1,300 per acre under the specified product price variation (Table 9).
At a land orice of $700 per acre, under o specified product price vari-
ation, annual land payménts range from $9 791 to $17,169 and, in turn,
net revenue varies between $43, 216 03 and $-20, 278 99 (Table 10)

. The lowest annual land payment is afforded by optlon 2 Under
this option and at a land price of $1,300 per acre, net revenue varies
between $34, 823 97 and $ 21,293.03 (Table 9). At land price of $700
per acre, net revenue varles between $43,216.03 and $- 12 900.97 (Table
10). Using the basic product prices, net revenue is $6,765.47 and
$15,157.53 with land prices of. $1,300 ond $706 per acre, respectively.

The net revenue per acre obtainable at a land price of $1,300 increases
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from $-13.17 to $21.14 when moving from the 160 to the 320 acre farm.

At a land price of $700, the net revenue per acre increases over three-

fold from $13.05 to $47.37.

640 Acre.Farm

A wide variation.in annual - land bayments and net reveﬂﬁes are'evi—'
dent when pre- and post-project land price and.product price v;riations
are considered. At a.land price of $1,300 per acre,-(Table 9) annual
land payments range from $36,366 to $63,770 and net revenue varies be-~-
tween $95,577.71 and $-44,060.37 (Table 9). At a land price of $700
per acre, annual land payments range from $19,581 to $34,338 and net
revenue varies from $112,361.82 to $-14,628.23 (Table iO).

Considering fhevlowest annual land payment option, net revenue
varies between $-16,656.29 and $95,577.71 at a land price of $1,300
per acre and bet&een $127.82 and $112,361.82 at a land price of $700
. per acre. When only the basic product prices ére considered, the net
révenue per ‘acre at the post—projeét land prices increases froﬁ $21;14
to $61.66 and at pre-project land prices, net revenué per acre.increases

from $47.37 to $87.88; as the farm size increases from 320 to 640 acres.

‘1280 Acre Farm
The 1280 acre farm follows the same pattern established by the
other farm sizes. Annual land payments vary from $72,731 to $127,539‘

and net revenue varies from $173,858.15 to $—104,743.bl at the
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post-project land price of $1,300 bor acre {(Table 9). At the prv—prd]—_
- ect land price of $700 per acre,‘annuél land éayménts vary from $39,163
to $68,67§ and net revenue varies from $207,426.38 to $f45,878.7i
(Table 10). |

Once agéin, considering the lowesf annuai land‘payment option, ne;
revenue varies betweén $1%3,858;15 and é—49,934.85_at thé pos£¥projéct
land price ana between $207,426.38 and $-16,366.62 at.the pre-project
land price. When oply‘base product prices-are_coﬁsidered, the net reﬁ—
enue per acre at the pbst—project iand priée decreases from $61.66 to
$48.67 and at the pre-project land p;ice decreaseé from $87.88 to

$74.90 as the farm size increases from 640 to 1280 acres.

The subjective evaiuation,of an adequate return to management is
left to the reader. The re£urn to manaéement on a per acre basis in-
creased over six-fold as farm size increased from 160 to 640 acres, and
decreased slightly as farm size increasederom 640 to 1280 acres. When
comparing the effecfs of annual land payments versus product prices,
product prices appeér,to be relatively more important. For example on
the 320 acre farm, the maximum change in net reQenue from cﬁanges in _
land payment is -$22,094, while the maximum change in net revenue from
variation in product prices Qf 25 percent is $5§,ll7. The wvariation
resulting from changes'in land payments and product prices increases
as farm size increases, consequently thé largest variation occurs on

the 1280 acre farm.
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iII. _Capital Réquiréments

The pre&ious séctioﬁs have addréssed fafm éfficiené§~énd‘viabiliﬁy
with ahd:withoﬁt payments’ to lénd.considered. Under va;ious ;Onaitiéna
farmS‘in eacﬂifarm Siée classification would appeé? Fo éeﬁerate a. .
positive net.rgturn to éperator‘managément'and henée~a§beaf>£6 be via—‘
ble. However, ;11 farm sizes fequire éubsfantial.investménts iﬁ land
and capital. This section reviéws the total capital reqﬁiremenfé, for
1and and maéhiﬂery, aﬁd tﬂe_resoﬁrcé Eequifed toimééf.tﬁe‘iﬁitial.down
péyménté éﬁd the énnuai;payﬁents. | |

Table 11 summarizeé’the total land and qapitai.inveéﬁﬁepﬁs fq?
each farm‘sizé and t&pé; In all cases, the AéchinéryAin&estméntgzafe
suBstanfial, ranginé ffqm $59,440 formé'l60_acre béfley farﬁ‘witﬂ cus-
tom harve$ting to $446,865'f0r a"iZéOfacre,sugéf beet and-wheat férm.
Eor.the most‘efficient farm t&pes; ;He mééﬁinery-invéstmént_pef'acre
varieé froﬁ $§733 to'$549 aéross all farm sizeé. Landfpficgs ;ré Qs—
'éumea to be $1,306.per-acre across all féfmisizés. ‘Theltotal invesé—
ment in land aﬁd maphinéry varies only sSlightly between méchinery lists
on a given fafm;size, however in each casé a substantial investment in
land and capital.is‘requiredf | |

Table 12 summafizes the initiél aﬁd annuél‘capitgl payﬁénté"for
;he machinery and land required on each farm size. Ihe_machiner§ pay-—
ments assume 25 percept‘equity, 9.5 percépt;rate of iﬁtéreét aﬁd'é five

yéar‘repayment period. The lénd payments assumé a .land price of $1,300
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Table 11

Total Land and Capital fnvestment fof_Various_Farm Sizes,
District 1, Lower Yellowstone Irrigation Projeéct

Land

Total

Acreage and Machinery Machinery a .
Crops Grown List Investment "Invespment Investment

160 Acre Farm o oo
Barley 1 $59440 $208000° $267440
Sugar Beets: 1 83140 - +208000 291140
Barley- ' _

Sugar Beets 1 83140 208000 291140
Wheat '

320 Acre Farm )
Barley 1 - 63740 416000 105340
Sugar Beets 1 131610 416000 547610
Barley
Sugar Beets 3 234570 " 416000 650570
Wheat

640 Acre Farm o
Barley 1 96875 832000 928875
Sugar Beets 3 293300 832000 1125300
Barley
Sugar Beets 3 293000 832000 1125300
Wheat : : ‘

1280 Acre Farﬁ . : .

Barley 1 106175 1664000 1770175
Sugar Beets 3 446805 1664000 2110805
Barley .

Sugar Beets 3 446805 1664000 2110805

Wheat

@vThe land price is aésumed to be $1300 per acre.
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Table 12
Initial-Capital Investment and Annual Payments for. Machkinery and Land

for Various Farm Sizes in District 1 of the-
Lower Yellowstone Irrigation Project

Initial Capital Investment

. Total
Machinery Land a Machinery b Capital
Farm Size . List” Down Payment® . Down Payment Investment
160 1 52,000 . 20,785 72,785

320 ¢ 3. 104,000 ' 58,645 162,645

640 3 208,000 | " 73,325 . 281,325
1280 3 ' 416,000 111,700 . 527,700

Annual Payments

) L Total

Land Machinery Capital

Payment Payment Payments

160 : 1 ' 9,091 16,239 - 25,330

320 3 18,182 . 45,817 63,999

640 3 36,366 57,289 - - 93,655

1280 3 72,731 87,274 © 160,005

2 Land payments calculations assume a land price of $1,300 per acre;
5 percent rate of interest, 25 percent equity and a 40 year mort-

gage.

. b Machinery payment calculations assume 25 percent equity, 9.5
percent rate of interest and a 5 year repayment period.




0.

per acre, 5 percent rate of interest? 25-ﬁefcenﬁ eq;ity~and a AOIyeat o
.mdrtgage; Total initial investments-iﬁ capital‘gfe $72§7853.$162,625,

| §281,325 and $527,700 for the 160, 320, 640 and 1280 acre farms, re-
spgctiveiy. fofal‘aqnual payments for capital afe $25;330, $63,§§§, :
©.$93,655 and $1éo,oos'for the 160, 320, 640 and 1280 acre farms, respec-
.tiveiy. These‘figurés iﬁdicate that substénfiai aﬁounts of.capiéal
‘must be available, which would suggest -that capital may be a bérrier to

entry into irrigated farming.

Summafy
This chaptgr has cénsidered~farm'efficieﬁc§ énd‘viébility undér.a'

host of conditions. The ﬁost significaﬁt~factorycaﬁsing varigtions}inA
~net fevenue,li.e.'réfurn'té oﬁeratof management, is tﬁé change in prﬁdv
uct ﬁrice; However: it,ié‘eQident that changes in crop mix, ﬁachinery'
complemént and land_énd.capital payments cause substantial variation’in
net reveﬁuel The résults~of this study.are summarized.well iﬁ this’
statement of A, S. Kezis with regara-to his econqmieé of size study in
the quumbia River Basin:

"In geﬁefal,~one can conclude that, wifﬂ‘today'é

technology, credit and financial conditions, it.

‘requires more than just subsidized water .to make

irrigated agriculture, as developed by the Buréau . -
of Réclamation, a "settlers" program.4l

41 Kezis, op. .cit., ﬁ; 87




CHAPTER 5 .

SUMMARY AND CONCLUSIONS

This project began as a component in a United States-Department of

Agriculture (U.S.D.A.) - United States Bureau of Reclamatidn (U.S.B.R.) - -

pfoject to assess the Department of the Interior's 1977 Proposed Rules
and Regulations with respéct to the Reclamation.Acﬁiof 1902. This
thesis project utiiiéed the daﬁa generated by the U.S.D.A - U.S.B.R. 
project in an analysis of economies of s?ze in Diétriéle of thelLower
Yellowstbne Ri&er Irriga;ion Projgct.

The déta gathering procedures employed in this study are summa-
rized below:
| 1. Collect available published'and unpubliéﬁed-crop and farm

budget information for thé study district. |

27‘ Develop a calendar of operétioné for each major crop in
the District.

3. Collect 1978 data on input.costs and machinery performance
from available sources.

4, P?epare a.preliminary crop‘budget for each crop and review.
them. with University, U.S;B.R. and local Cooperééive Exten-
sion pérsqnﬁel.

5. Form a panel\of farmers represenﬁiﬁg a wide range of fafm
sizes to review the preliminary crop budgets and help spécify
typical machinery complemenfs and crop mixes tO'repfesént 160,

320, 640 and 1280 acre farms for each case study district.
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.6.. DeVelop‘total farm b&dgéfs for each: farm size:
,7.“Preéén; typical farm budgetg-to_férﬁer~panels:fof review
and.revision. | " |
These da;a wére‘modeilea'in:a lineér ppogramming‘fraﬁgwofk'to'géneréte
long ruh avérage,éqsf Curveg and heﬁce éxamine economies ofisizé iq;it—
.rigétéd fafmiﬁgé Iﬁ this formuléﬁiénfléﬁg-irrig;ble-lénd afea waé.des—_'
_ignated as the fesource %ixed in the shott rﬁn, :Therefore; £hé.SRAé
curves in Figure 4 représent the average cost ﬁér unit éf.output, és—
suming'& fixed land area, with the machinéry complément anq crép mix.
allowed to vary. In an attempt to consider trgﬁds-ih'farm size and
farm survival the long run averaée éost cur&e.(LRAC) is the mqét rele;}
vant. THé LRAC is aﬁ‘éﬁéelopé‘curve téngent go‘thé shqrt run average
‘coét curves and i£‘repreéents the miﬁimum cost bf préddcing é giVeﬁ,,
level of.output."Ifitﬁé farmer haélsuffiqient éunds, he &hgpreticaliy-‘
could cﬁoosé any poiﬁt'aiong‘the LRAC cutrve in_hiS'lqng'raqgg planging
horizon. ngéVer, oﬁce_fhe farmer has cﬁbéén a Iandxaréa'oﬁwhich ﬁo‘
farﬁ, the LRAC curve:is no lorger yelevéﬁ;has.bg ?s-constrained to thé‘
SRAC curvercortespondiﬁg'po a giVen }énd area.

This méael'considered.multiple product${~the%ef0re.a common output
aeqdmination.was féquired. In this -study, idiél'revénue;‘QUantify of
output times price, was employed as a’proxy for dﬁtpuf.- Tﬁe‘poiﬂts_
~along the resulting short rﬁﬂ avgrageféos; curve xepresénted t&tal gést

per dollar of physical output. . The bfeakfeven'point for the farmer
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would be a ratio of TC to TR equal te. 1, or whéfe-the‘farmer receives

a dollar in revenué for each dollar of coét; ) '--" : L

This economies of size .study focused on technical economies, asso-

ciated with the spreading out of the’ fixed plant over more units -of

output.

No cost or price economies associated with volume purchases or

sales were considered.

Conclusions .-

The méjdr conélusions of this study are as follows:

1.

Essgntially all:relev;nt ecbnomiés of sizg are realized -
by the 640 acre farm, as'comparéd'to ?hé ogher,farm

sizéé consideie@ in the.study,lwith a'lével of total'.
revenue eéﬁal'to $225;OOO. .

.The most efficient and méximﬂm net re&enge‘génerating
farms had a crép mix of sugar beets and wheat;
Net‘reVeﬁue is mést respbnsiVe to phanges in product
pricé‘witﬁ‘soﬁé rgSponse to ghénéesnin land p%ﬁmenﬁs.‘l,,”

Average costs,.TC/TR, and net revenue vary widely.

between farms with the same acreage, given a different crop

mix. -

Net. revenue increases as farm.size increases to the 1280

- acre farm.

“Substantial investments in capital and land are fequired

across all farm sizes.
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Sugar beet acreages are contracted'and arg.closely pied tb HOli&
Sugar Company in_Sidney...Rumoré.of the company'é closuré,are ever
present and tend to add to the long—run.uncertaiﬁty of irrigated farmf :
.ers. If the éo&pény were to close, sugar beets, thg»highest ne£ ;eturn
crop, would not be prodpced. .Thé‘sugar beet p?qéesspr in Billings con- -
tracts ifs sugar beets locaily and has been holding its proaucpion-con—"
stant. The option of lower Yellowstone produce;s sﬁippihé to the
Billings area is Virﬁuélly néﬁexisteﬁt.

With no alteynative market, the sugar beet producer is faced‘with ‘
producing a substitute crop. The crop yielding the next highest net
return is wheat. Substituting Qheat fér sﬁgaf beets will incrgase“phe
average cost per dollar'df.output and thus shift. the LRAC cur&e prérd.
This shift indicétes'thét the potentiél‘éfficiency of the individuél'
‘farmer, and the ifrigation project, is decreased.

A host of cropping alternatives exist beyond the.four major.crops
considered in.this stﬁéy., The Eastern Agricultural Research Cénter and
other state and Federal organizations ﬁave'been'considéring altérﬁa—
tives for the sugar beet farmer. The moét-pfomising alterﬁative as
suggested by the kesearch Center, were short season legumes{ i.e.,
faba beans, séybeans and kidney beans. The consideration of Fhese
alternatives is left to further research. | _ .

 Whi1e'thé efficiency goal reqﬁires‘thét farm size be‘sﬁfficient to (

realize economies of ‘size and minimize production costs, the equity . -

.
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éoal ?equires-that a maximum number éf péople,be_givéh.the opportunity
to realize the prqjécté' benefits. |

The equity goal, in é;sence, gives everyone With_the desire the
opportuhi?y Eo‘farm.- The compassion for human Eéings'with physical and
financial hardships results in additional‘governmenf assiétange pro-—
grams. Young, and new, farﬁers possess low equity.capital,aﬁd hence
are considered very high credit risks by traditional'lenaing institu- ‘
tions. Government programs, spécifically‘thé Farmers Home Administra-
tion, assist these farmers in establishing and operétiﬁg a farm unit.
The favorable_interest-réte; mortgage length, and downpayment for these
_high risk borrowers is~part of the cost to societj to assist the dis~.
édvantaged.youngApr new bperétof.
| A substanfial subsidy to the agricultgrallsgctor resulted from
the const?uétion of tﬂe original irrigation ﬁroject; The farmers of
today realized very little of'thé_original subsidy as &hg benefits of
the proﬁeét were internalized into the price of the.land at the time
‘they eithef purchased or inherited it.

The loﬁ eﬁuity pqsition and large cépital expenditures required
by the new.farﬁér would'indicéte there are barriers to entry in irri-
gated'farming. These sameAbafriers exist for young or new farmers
wéiting to enter info npnirrigated farming or ranching.

If the goals‘were-fo bé satisfied under the literél interpretatian'

. of the 160 acres limitation, tﬁen society would be faced with the
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"policy quesfion-of adding,angther subéidy, e, sﬁbsidi?ed‘in£erest
-rate.in aaditionftd ﬁhé pfesent water deve1opﬁéﬁt'subéidf.'
These subéidy prégréms can and do lead té p;éducfidn3efficienciés
sqch:as oVer_égpiféliéation. 'Thésé'inefficieﬁgies represgntjéhe tré&e

off the géﬁefal.pﬁblig appears to be -willing to make.

Furfher Research B

This study.donsidered'technical size economies 6n opiy one-irriga;
tion préject in Moﬁtané: This,analyticai‘frémework could bé'apﬁlied tgr
any irrigation projec#.ﬁith,slight modificétibns to cbﬁsider various
cultural patterns. 'The policy decisioﬁslqn the immediate horizon will
‘requife'furthgp-anélyéis of all ifrigagion prgjecté-ﬁnder thg'l902 :
Rgciamation Aét}'to'aséistjpolicymakers.in‘futpre discu§$ion of the
"160 acre limitation".

.Mbntané'has\gdéquaié baseling dafa for édditiohai déscriftive Work
on.techﬁiqai~economies’of.éize. Additional Work'heeds%té‘be déﬁe Qﬁ
price economies"acrpsé all farm sizes and tyées.

At the time of this data éolleétion effort, very little inférma—_'
tion Was.ayaiiablé 6nrland'tenu£e, off.farm émployment apd land_owné%—
ship in the Lower.YéllpWStoné Project. .Additioﬁé1 analysié shoulé in-

clude a consideration of these parameters.
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APPENDIX A

- Budget Generator Assumptions .




) Custom'
List I

Table a-1

Typical
List IT

Machinery Lists for 160 Acre Farm

Economié—Engineefing
List ITI

6 row sugar beet topper

2 row sugar beet digger

4 row sugar beet planter &
_ incorporator

12' beet cultivator

6 row sugar beet topper

2 row sugar beet digger

4 row sugar beet planter &
incorporator

12' beet cultivator

7~ 6 row sugar beet topper

2 row sugar beet dlgger

12' thinner

4 row sugar beet planter &
incorporator

12' beet cultivator

custom combine
12" grain drill

14" ¢ombine (used)

12" grain drill

.14' combine (used)

12' grain drill

‘custom swath, bale, load &
stack :

10" swather (used)
1 6-ton round baler
1 farmhand

1 wagon

12' swather

1 16x18" cube baler:

1 PTO bale wagon

12! fleld cultlvator
24' harrow

30" sprayer
3-16 moldboard plow
‘10" mulcher. -

12' landplane
12" tandem disk

12' field cultlvator
24" harrow

30'- sprayer
3-16 moldboard plow-
10' mulcher

12' landplane

" 12' tandem disk

"12' field cultivator

16' harrow

© 30' sprayer

2-16, moldboard plow
10" mulcher

12' landplane

12' tandem disk

90. h,p. tractor
70 . h.p. tractor

90 h.p. tractor
70 h.p. tractor

125 ‘h.p. tractor
90 h.p. tractor ™ '

1 custom haul

The folléwing implements are the éamelthroughout the budgets:’

12' ditcher
lZf closer
‘14" border dike

2. trucks; 2 ton

"2 trucks,. 2- ton

- ¥8.




Table a-2

Machinery Lists for 320 Acre Fafm'_

List T - . List IT K List ITI

6 row sugar beet topper 6 row sugar beet topper 6 row sugar beet topper
2 row sugar beet digger 2 row sugar beet digger - 2 row sugar beet digger
"4 row sugar beet planter & - 4 row sugar beet planter & 12' thinner
incorporator L incorporator : 4 row sugar beet planter &.
12' beet cultivator 12' beet caltivator : - incorporator-
CL a : 12" beet cultivator
custom combine .o 14' combine (used) 14' combine (used)
12' grain drill 12' grain drill 12" grain drill
custom swath, bale, load & . 14' swather (used) 12' swather
stack 1 6-ton round baler 1 16x18" cube baler

1 farmhand 1 PTO bale wagon

1 wagon e '
12' field cultivator 12' field cultivator 12' field cultivator
24" harrow o ' 24' harrow . 16' harrow
40" sprayer 40" sprayer 30' sprayer
3-16 moldboard plow . 3-16 moldboard plow 3-16 moldboard plow
12' mulcher 12" mulcher 12" mulcher
15' landplane 15' landpiane 12' landplane
12' tandem disk 12' tandem disk 12' tandem disk.
100 h.p. tractor : 100 h.p. tractor 125 h.p. tractor-
90 h.p. tractor 90 h.p. tractor 90 h.p. tractor -
70 h.p. tractor ' 70 h.p. tractor 70 h.p. tractor

1 custom haul " 3 trucks, 2 ton. . -3 trucks, 2 ton

<8




TaBle a-3

Machinery Lists for 640 Acre Farm

List I List IT . . List III

6 row sugar beet topper 6 row sugar beet topper: 6 row sugar beet topper
2 row sugar beet digger 2 row sugar beet digger 2 row sugar beet digger

98

6 row sugar beet planter & 6 row sugar beet planter & . 4 row sugar beet planter &
incorporator ' incorporator ) incorporator )
18' sugar beet cultivator 18' sugar beet cultivator- " 12' sugar beet cultivator
' _ , . 12" thinner
custom combine : 14' combine (new) . 14" combine
14" grain drill 14' grain drill - 12" grain drill
custom swath, bale, stack 14' swather (new) 12' swather
1 6~-ton round baler 1 16x18" cube baler
1 farmhand ) : 1 PTO bale wagon
1 wagon )
12' field cultivator 12' field cultivator . 12" field cultivator
28' harrow 28' harrow ) 16' harrow
40' sprayer 40' sprayer - o 30" sprayer .
5-16 moldboard 5~16 moldboard - 5-16 moldboard plow
16' mulcher . 16' mulcher 24" mulcher
15" landplane 15' landplane ) 15' landplane
18' tandem disk 18' tandem disk 12' tandem disk
150 h.p. tractor . 150 h.p. tractor - 160 h.p. tractor

125 h.p. tractor - 125 h.p. tractor. 125 h.p. tractor

90 h.p. tractor
70 h.p. tractor

90 h.p. tractor
70 h.p. tractor

90 h.p. tractor
70 h.p. tractor

1 custom haul

3 trucks, 2 ton

3 trucks, 2 ton




List T

Table a-4

Machinery Lists for 1280 Acre Farm

List II °

List IIT

6 row ‘sugar beet topper

2-3 row sugar beet diggers

8 row sugar beet planter &
incorporator

2-24' sugar beet cultivators

6 row sugar beet topper

2-3 row sugar beet diggers

8 row sugar beet planter &
incorporator”

2-24' sugar beet cultivators

2-6 row sugar beet. toppers

2-2 row sugar beet diggers

8 row sugar beet planter & -
incorporator .

2-24" sugar beet cultlvators

12' thinner

custom combine
16' grain drill

16" combine
16' grain drill

14' combine
12' grain drill

custom swath, bale & stack

14' swather

1 6-ton round baler
1 farmhand

1 wagon

12' swather
1 18x16" cube baler
1 PTO bale wagon

18' field cultivator
28' harrow

50' sprayer:

2 6-16"' moldboard plows
2-20' mulchers

2-15" landplanes

24' tandem disk

18' field cultivator
28' harrow

50' sprayer

2 6-16' moldboard plows
2-20' mulchers

2-15" landplanes

24' tandem disk

12" field cultlvator
28' harrow

30' sprayer

2 6-16' moldboard plows.
2-20" mulchers

2-20' landplanes

18' tandem disk

175 h.p. FWD 'tractor

175 h.p. FWD tractor

175 h.p. FWD tractor

150 h.p. tractor 150 h.p. tractor 150 h.p. tractor
125 h.p. tractor © 125 h.p. tractor 125.h.p. tractor
"100 h.p. tractor 100 h.p. tractor 10Q h.p. tracter
2-90 h.p. tractors’ 2-90 h.p. tractors - 2-90 h.p. tractors
70 h.p. tractor 70 h.p. tractor 70 h.p. tractor

4 custom haul

4 trucks, 2 ton

- 4 trucks, 2 ton

L8




Month

November

April
May
June

July

August
September

October

88

Table a-5

Operations Schedule for Sugar Beets

Operation -

Disk -

Plow

Mulch, twice
Landplane, twice
Custom fertilize
Cultivate, field

Custom fertilize
‘Mulch .
Cultivate, field

Ditch
Plant
Apply herbicides

Irrigate (4 acre inches)l'
Custom hoeing

Cultivate, beet

Irrigate (8 acre inches)
Custom thinning

Irrigate (8 acre inches)
Close ditches
‘Top

Dig
Haul

The acre inches speéified is the net water supplied to the crop. A
70% irrigation efficiency is assumed in these budgets. -




Month
' Novémber

~ April

May

June .

July

August

89
Table:a—6

'Operétions Schedule for Spring Wheat

'OQération

Dike fields

Custom fertilize'

. Cultivate, field-

' Ditch

Hérrow
Plant

- Irrigate (4 aqfe,inches)
- -Spray herbicides

Irrigate (4 acre inches)

Close ditch

Swath

" Combine

Haul




Month
November

April
. June

July

“August

90
Table a-7

Operations Schedule for Feed Barley

Operation
Dike fields

Cultivate, field
Harrow
Plant

Ditch
Spray herbicides
Irrigate (4 acre inches)

Irrigate (4 acre inches)

Close ditches
Swath

Combine

Haul




Month

June

July

August
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Table a-8
Operations Schedule for Alfalfa Hay

Operation

Custom_fertilize
Ditch

Custom spray hefbicide
. Irrigate (6 acre inches)

Swath

Bale

Load

Haul

Irrigate (6 acre inches)

Swath
Bale

Load

Haul
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Table a-9

Prices for‘Inputé and Custom dperations
for Sugar Beets

Input or Operation

Pertilizer (100 N, 90 ons)l

Custom fertilizer épplication'

Sugar beét seed (12 1bs.]acfe @ $1.50/1b.)
Weed and insect control (Roneet and Dyfoﬁate)
Custom-hoeing and thinning

Custom topping

Custom digging

Custom hauling ($2.00/T f fuel)

Water (operation and maiﬁtenance)

Irrigation labor (seasonal)

1 Nitrogen - .228/1b.’

ons - .176/1b.

Price/Acre

$38.64
2.00
18.00 -
. 9.88
45.00
15.32
31.19
39.00
9.50

5.00
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Table a-10 -

" Prices for Inputs and Custom'Qperations
for Spring Wheat

Input or Operation

Fertilizer (60 N)l
Custom fertilizer épplicdtion
Seed (90 lbs./acre @ $.05/1b.)

Herbicide (2,4-D - 1 pint/acre @ $1.00/pint)

Custom swath

Custom combine

" Custom haul (.10/bu.)

Water (operation and maintenance)

Irrigation. labor (seasonal)

Price/Acre

$13.68
2.00
4.50
1.00
5.89
18.65
4.57
9.50

5.-00

1 Nitrogen = $.228/1b. No P,0. is included because spring wheat

traditionally follows suga% geets in the crop rotation.




94
Table a-11

Prices for Inputs -and Custom Operations
' for Feed Barley

Input or Operatlonl

Seed - (100 1bs. /acre at .04/1b.)

‘Herbicide (2, 4-D - l plnt/acre @ $1. 00/p1nt)

Custom swath
Cﬁstomvcombing
Custom haul ($.107bu;)

Water

‘Irrigation labor (seasonal):

Price[écfé

$ 4.00

' ’1.60,
15.89 3

"18.65
569
9.50

5.00

No nltrogen or phosphorus is intluded as barley follows sugar beets

in the crop rotation.
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