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Abstract:

The sugar beet and sugar cane industry in the United States produces approximately 40 percent of
domestic annual consumption. Sixty percent of the United States' sugar supplies are imported from off
mainland sources as well as foreign countries. This situation places the U.S. in a precarious position
should foreign sugar supplies be restricted from the domestic market for one reason or another.

Because Montana supplies 6.4 percent of domestic sugar demands any change in the world or domestic
market channels affecting the U.S. will also influence the Montana sugar industry. The problem of this
research was to estimate potential Montana sugar supplies at alternative beet prices for 1980.

Five sugar beet production regions in Montana were examined. A variable price linear programming
model was used to ascertain collective farmer production response. Two basic models were developed
for each region. One was a regional model and the other a typical farm analysis.

The results of the analysis suggest that sugar beet production in the specified regions could be
expanded from the present 65,000 to between 127,000 and 184,000 acres at $17.50 per ton (projected
1980 price). These responses are probable if government controls are not restricting, if all producers
have an equal desire to grow sugar beets, and if sugar refinery capacity is unlimited.

Regional and typical farm responses were compared. The regional model estimates are smaller than
similar estimates made from aggregating benchmark farm responses. The decision to use a regional or
typical farm as the responding unit in future research is dependent upon the amount of information
needed about an individual group of producers and their response to economic stimuli. Regional
models result in aggregate supply estimates at a low research cost that may serve for policy decisions
just as well as alternative methods of measuring production response.

There are three sugar factories in Montana and all are expected to be enlarged by 1980 to an aggregate
slicing capacity of 13,500 tons per day. Other ways of expanding Montana's capacity of manufacturers'
sugar are (1) adding a new factory, (2) storing thick sugar juices for future processing, and (3)
increasing the storage life of the sugar beet.
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ABSTRACT

The sugar beet and sugar cane industry in the United States produces
approximately 40 percent of domestic annual consumption. Sixty percent of
the United States' sugar supplies are imported from off mainland sources as
well as foreign countries. This situation places the U.S. in a precarious
position should foreign sugar supplies be restrlcted from the domestic
market for one reason or another. -

Because Montana supplies 6.4 percent of domestic sugar demands any
change in the world or domestic market channels affecting the U.S. will
also influence the Montana sugar industry. The problem of this research
was to estimate potential Montana sugar supplies at alternative beet
prices for 1980,

Five sugar beet production regions in Montana were examined. A
variable price linear programming model was used to ascertain collective
farmer production response. Two basic models were developed for each
region. One was a regional model and the other a typical farm analysis.

The results of the analysis suggest that sugar beet production in
the specified regions could be expanded from the present 65,000 to between
127,000 and 184,000 acres at $17.50 per ton (projected 1980 price). These
responses are probable if government controls are not restricting, if all
producers have an equal.-desire to grow sugar beets, and if sugar refinery
capacity is unlimited.

Regioral and typical farm responses were compared. The regional
model estimates are smaller than similar estimates made from aggregating
benchmark farm responses. The decision to use a regional or typical farm
as the responding unit in future research is dependent upon the amount of
information needed about an individual group of producers and their
response to economic stimuli. Regional models result in aggregate supply
estimates at a low research cost that may serve for policy decisions just
as well as alternative methods of measuring production response.

There are three sugar factories in Montana and all are expected to be
enlarged by 1980 to an aggregate slicing capacity of 13,500 tons per day.
Other ways of expanding Montana's capacity of manufacturers' sugar are
(1) adding a new factory, (2) storing thick sugar juices for future
processing, and (3) increasing the storage life of the sugar beet.
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INTRODUCTION
Sugar or:shurkara, as it was initially found in the ancient’writings-
of .the Hindus of India, referred to thoese, substances sweet te the.taste.
Sugar, a white or.colerless crystal when purified, constitutes a majer .
ingredient.in -the diet .of many people in the world.
The' group of compoeunds called sugaré are more generally classified
as carbohydrateg.T‘There'are'two bésic'groﬁps~of'sugars, glucose or

moneses (C H:. 0, ) and sacchareses or bieses (C );fGlucose is
? Y6127 : : : H ;

12%22%11
referred te as grape.sugar whereas, saccharoses is more commenly called
cane sugar. ;J The latter group (saccharoses) is of importance in this
research because it represents-the ﬁrimary,spurce'of.sucro§e;
Suc;ose,and'lactose'(milk sugar) are.the chief constituents of
the cane sugar group. . The main-seurces of sucrese sugar.are sugar-beets, -
sugar cane,; sugar maple, and sugar palm. 2/ Sugar.cane.and sugar beets
acecount -for the major .portion of werld sugarusﬁéblies.
Oliver de Serres, a french agronomist, discovered in 1705 that-beet

roots contained sygar. However, it was not until 1755 -that -Marggrof,

a .Prussian chemist, .obtained.sugar crystals from a beet through

1/ - John Geddes McIntosh, The Technology of . S;gar, New Yorks D. Van
Nostrand Company, 1903, pp. 1-2.

2/ "1bid., pp. 1-2.-
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experimental procedures and proceeded to exploit the discovery. 3/

Achaid, a.stﬁdept of Marggraf, invented and perfected a method for

commercially extracting sugar from beets in 1799. His-small. factery

at.Cunern, Silesia, is considered te be the first commercially oriented

beet sugar processing plant. 4/

Sugar from cane is reported to have been used in a crude form in

China during the year 760 B. .C. 5/ Explorers intreduced, sugar cane to

North America in 1493 and.te the United States (Louyisiana) in-1751. 6/

World Suga; Production

Sugar cane productidn .is limited mostly to those countries lying .

in.a region bétween.35-degrees north latitude'and 35 degrees south

latitude:. Sugar beet production is found mostly.in.the United States

and: Europe located as far as 50 degrees north latitude: (Figure-1). A

small part of -world sugar beet production is located outside these areas.

R RE

Harry A..Austin, Hlstory and Develqgment of the*Beet Sugar Industry,
Washlngton, D. .C., United States Beet Sugar Assoc1at10n, 1928 )
pp. 11-12; :

Ibid., pp. 11-12. .

W. G, Taggart-and E. C. Simon,."A Brief Discussion of the History of,
Sugar Cane:' Its Culture; Breeding, Harvesting, Manufacturlng, and
Products", Loulslana State Department of ‘Agrieulture and Immigration
(Fourth Ed;tlon), 1939, pp. 1-20.-

John H. Martin and Warren.H. Leonard, Prlnc;ples of Fleld Cxop

Productlon, New -York, The Macmlllan Company, - 1955, p. 438:
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Figure 1. Location of World Sugar Beet and Sugar Cane Producing Areas.
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.The'gverage:annual world production of centrifugal ‘sugar from 1960
threugh 1966 was 60.9 -million short . tons. 7/ 8/ The projected.1967-68
world centrifugal sugar .production is nearly 72 million short, tons. 9/
Cuba is the largest North American p;oducér of sugar. followed by the
United States and .Mexico. The Fore;gn Agricultural .Service estimates
that 1968 North American sugar production will Be 17.2 'million short touns,
a 5 percent decrease.from 1966-67. ;Q/_ The United States sugar industry
éécounted for an average of .27 percent of world sugar production between
1960 and 1967. Asia and Western.Eurepe followed with 16 and 15 percent
respectively. |

According te recent reports, the production of sugar in.1968 in
Asia, Western Europe, and-Russia is expected to increase whilé in the,
United States, Production is estimated ‘to decrease., 11/ These reports

indicate that- sugar production in-Asia will increase 16.6 percent while

7/ Centrifugal and non-centrifugal are names given to sugars based on-
the methed of refining. The difference between.the tyo methods of
refining is dependent on the way, that impurities are removed from
sugar juices,’ ' ' '

8/ Sugar - ton measurement generally used in the.United States is referred
to as a short, ton or 2,000 pounds: Great Britain commonly uses the
long ton measurement or .2;240 pounds.

9/ United States Department of Agriculture, Foreign Agricultural-Service
Foreign Agricultural.Circular, Sugar, FS *4-67;, Washington, D. C.,
December 1967, pp. 10-11.

10/ Ibid:, pp. 10-1L.

11/ - Ibid., pp. 10-11.
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United States production will fall 24 percent. In fact, all major sugar
producing .countries in North America are expected to.have.diminished

absolute proeduction in-1968.

United States Sugar Production’,

An attempt-was made in.the United States te grow sugar-beets and
extract sugar for domestic -use-in 1836. The first beet sugar.refinery.
was established at -Northampten, Massachusetts, 'in 1838.- 12/ Cane sugar,
however, was first.refined in the.United States in Louisiana in 1791.

The' sugar industry in the United:States has continued to expand:
since the early attempts to grow cane and.sugar beets for the purpose
of extracting sugar for demestic use. Beet sugar produétion is.currently
found in.lS'gtates.(Table I).: Cane sugar is produced mostly in Louisiana-
and Florida. However, cane growers in.Georgia, Alabama, and Texas
produce sugar cane.for syrup. 13/

The.beet sugar industry oquhe United States included 60 refining
factories in.1967. 14/ Colofado'and Califernia account for 22 factories.
and 35 percent, of 'all refining capacity in the United States. There were,

three sugar refining factories located in.Mon;éna in 1967.

12/ - Austing op. cit., p. 17.

13/ Martin; op. cit:, p. 437.
14/ TUnited States Beet Sugar Association; American. Beet. Sggar Companles,

1967 1968 Washlngton, D. Cuey p. 5+
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Marech 13, 1968.

TABLE-I. BEET  SUGAR PRODUCTION IN THE UNITED STATES 1967. _5_1_/
State- 1967 Percent of
(Cwt. Refined) Total .
Califernia - 10,290,720 20.5
Colorado 7,780,841 15.5 -
Idaho - 5,965,837 11.9-
Minnesota 3,814,006 7.6
Montana 3,217,765 6.4 .
Michigan- . 2,861,937 5.7
. Washington 2,809,554 5.6
Oregon- 12,291,747 4.6
Wyeming 2,184,938 4.3
Nebraska 2,125,020 4,2
Texas 1,576,423 3.1
Utah 1,462,287 2.8
North Daketa 1,341,353 2.7
Ohie ' 1,256,655 2.5
Iowa 577,786 1.1
Arizoena 560,000 1.1.
Maine 112,207 . )
New York. 78,195 2
Total 50,307,253 100.0
a/ Source: United States Beet Sugar -Asseciatien, .Washington, D. C.,




Montana .Sugar Production

The production -of ~sugar beets in Montana dates back'te 1898, 15/
Research at Mentana State.University by .F. ‘W. Trapﬁagen concerning the
feasibility of sugar-beet.production in.Mbntané was considered.te be.a
motivating force.-behind ‘the establishment=of-tﬁe sugar industry in the
state:

- The sugar beet'prgduciﬁg-areas in Montana are in regions Wheré
irrigation water is available and where the growing season is 95 or
more days. Beets are-adapted. to. a wide variety of soil types.through-.
out 'the -irrigated valleys of the -state.

Sugar beets are currently being grown in 16 of the 56 counties in
Montana. Other irrigated areas representing 13 additional coeunties no
longer support-a.sugar beet crop bécause the growing season.is too short:
and because-the cost of shipping beets long-distances to refining
factories is too high. . ;é/

The' production of -sugar béets in.Montana has variéd over the lést~
20 years. During 1947, 77,000 acres of sugar beets were harvested.

Twenty years later, 57,200 -acres of sugar beets were harves;ed-(Table I1).

;£/| F. W. Traphagen, The Sugar Beet in Montana, Montana Agricultural

Experiment Statien,. Bulletln No. 19, Bozeman, Montana, October 1898.

16/ Sugar beets are currently grown.in the following Montana counties:
Stillwater, Yellowstone, Carbon,.Big Horn, Rosebud, Treasure, Custer,
Dawson, Prairie, Richland, Phillips,.Blaine, Broadwater, Ravalli,
Missoula, and Lewis and:Clark, Sugar beets were formerly grown in
Jefferson,.. Madlson, Hlll Cascade, ‘McCone, Valley, Teton, Powder
River, Sweet Grass, Gallatih, Lake, Sanders, and Pondera counties
of Montana.
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TABLE -II. MONTANA .SUGAR BEET PRODUCTION:: ACRES PLANTED, ACRES HARVESTED,

YIELD PER ACRE AND TOTAL-PRODUCTION, ALTERNATE;YEARS 1929~

1967, a/
Total Acres Total Acres Average Yield Total -
Planted Harvested per Acre Production
Year (000) - (0600) - (Tons) . (Toens)
1929. 410 38.0 10.2 386,000
1931 59.0 54.0 11.4 617,000
1933 71.0 68.0 12.3 838;000-
1935 53.0 51.0 11.2 570,000
1937. 76:0 70.0 12.2 852,000
1939 7740 74.0 12.1 894,000
1941 66.0 64.0 12.4 . 793,000.
1943. 60,0 57,0 10.2 581,000
1945 87.0- 81.0 10.7 865,600
1947 82:0- 77.0 11,7 899,000
1949 6540 59.0 11.8 697,000,
1951 . 48,8 44,9 12.0 538,800
1953 45:3 43,6 13.4 586,000
1955 50.8" 50.0- - 1l4.5¢ 724,000
1957 57.9 56.8 15.7 891,000 -
1959 57.7 - 52.6 15.7 827,000
1961 . 68.2: 60.6 14.7 893,000
1963 66.7 65.7 17.8 1,170,000
1965 62,2 60.5 12.4 748,000
1967 59:5 . 57.2 17.6 1,013,760
a/ Séurce:. United States Department of Agriculture Statistical Reporting

Service, Mbntane Agricultural Statistics, Heleﬁa, Montana.

Not-only have the number of acres planted and harvested varied, but -alse

the yield per acre-has fluctuated from 10.2 tons in 1943 to 17.8 toms

per acre in.1963, 17/ During the 1966-67 sugar campaign, Montana growers

17/

Acres planted often.differ from acres harvested because of adverse
condltlons that ex1st during the. growing season. ' ‘Hailstorms, w1nd
water shortage, improper. Weedlng, and poor seeding are among the

facters that-lead,to the abandonment . of -planted sugar beet ‘acreage.
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averaged 17.6 tons of sugar beets per acre. Even though the number- of -
acres of sugar-beets harvested is declining, tetal production is
increasing due'to.the ﬁigher yields experienced'by,MQntepa growers.

Sugar beets. in Montana are processed'for sugar by.two refining
companies—-the Holly Sugar Company and the Great Western Sugar Company.
The: Holly Sugar Company ﬁgs two refipiqg'plants, one located at'Sidney.
and the other at Hardin. - The Great Western Sugar Company refinery is
located‘at'Billings. ;ﬁ/' The combined capacity of these plants.is

8,400 tens of sugar beets sliced per.24-hour day. 19/,

World Sugar Consumption

Sugar is considered tO'be the-most“egonemigal and mest easily
consumed body fuels. 20/ According te Silim, carbohydrates, which
include sugar and starch, are the chief sources of .energy for the.-
tuman.body, 21/ Sugars, unlike;starch, are assimulated immediately.
by .the body after intake. However, the.body.is.upable to draw its
total ‘source-of energy .frem.sugar alone:. A .slew but'gonstent'flew of

energy from starch i$ alse required. It -has been recommended.that

;§/ Great Western.Sugar Company.recently became'a subsidiary of the
Great Western Unlted Corporatlon.v

19/ United States Beet Sugar Association, ep. cit., p. 5.
,gF/ Ps M. Sllln, Technolqu of Béet-Sugar Production and Reflnlng,

United States Department of Agrlculture and" the National Sc1ence
Foundatlon,‘Washlngton, D. C., 1964, p. 2. :

21/ Ibid., p. 3.
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sucrose.should not exceed 25 percent of the total carbohydrate body
requiremegt.~ gg/. Nevertheless, becausé of its.nutri;ional; organeleptic,
and.physical .properties, sucrosé is comsidered to be'an indispensible
foed preduct, 23/°

The overall.consumption of sugar.is-dependent on the size of . the
population? tastes‘and‘preferenceg, price of substitute sweeteners,
price of sugér, and dispesable personal income of consumers. According
to -Viton and Pegqolosa of the -United Nations’Food and Agrieultural.
Organizatioen (FA0) , differenges in.sugar consumption.are mostly dependent
upon.income, 24/- As_expec;e%xthe income elasticity for sugar in low-
income ' countries is higher than in high income countries.

World sugar consumption increased.86.5 percent from 1953 to 1967.
In 1953, 35.2 million metric tons of raw sugar. g;j were.consumed,

compared to 65.7 -million metric.tons of sugar consumed in 1967. 26/

22/  Ibid., p: 3.
23/ Austin, ep. cit., ps-7.
24/ A..Viton and F. .Pegnalesa, ''Trends and.Prespects in World.Sugar

Consuﬁptiéh",‘Monthly Bu}Letiniqf.Agriculturgl’Egopomics-and
Statistics, Vel."IX, Nes. l'and 2; FAO, Rome, Italy, 1960.

25/ A metric ton is.2204.6 pounds. Raw-value sugar.or raw sugar refers
te. the pure syrup extract: from sugar cane and ' sugar beets. - Once
impurities are removed ‘the sugar is put 1nto a crystalllne form and,
for all practical purposes, considered pure."

26/ Lamborne Sugar—-Market Rgpor;;(Weekly), New York, August.22, 1967.
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Over the.same period, woerld population increased 35.8 percent. Again,
it is reasonable to expect future demand. for sugar to respond to popu-

\
.

lation and inceme.changes,

Upited States-Sugar Consumptien :

Sugar consumed- in'the United States comes frem the following four
sources: (1) domestic sugar beets, (2) domestic sugar cane, (3) off
mainlénd'cane;.agd*(4) foreign sugar beets and cane. Sugar for demestic
cogsumption,.produced,by the domestic -beet and cane industries, represents
41 .percent of the.total 1967 United States zequiremen;s,. An additional.
18 percent of demestic requirements originates in Hawaii, Puerte Rico,
and the Virgin Islands. Fifty-nine percent, or 6.3 million short.tons,
of raw sugar was suppliéd by demestic and.eff mainland cane and sugar beet
growers in.1967. 27/' The balance, 4.4 millien short, tons.or 41 percent,
was imported frem foreign sources (Table III).

The  per capita consumption of sugar in the United -States has
remained fairly stable eover the last-20 years.  In 1947, per capita
~ consumption was 95:5 pounds compared te 97:4 pounds in 1966. The:

range in per capita consumption varied frem 94 pounds in 1948 to 100.6

27/ United States Department of Agriculture Release U.S.D.A. :Announces
Increase in Sugar - Quota, Ne. 324- 67, Washingtoen, D. C., February.2,
1967.
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TABLE III.

TOTAL SUGAR QUOTAS AND- PRORATIONS'.AS GRANTIED:.BY THE: UNITED

STATES GOVERNMENT FOR' DOMESTIC: SUGAR: SUPPLY. 1967. a/

Production Area

Quota: in Short: Tons

Domestic Beet Sugar
Mainland Cane Sugar
Hawaii
Puerto Rico

Total Domestic

Philippines
Argentina
Australia
Bolivia
Brazil

" British Honduras

British West Indies
Republic of China
Columbia
" Costa Rica
Dominican Republic
Ecuador
El Salvador
Fiji- Islands
French West Indies -
Guatamala ‘
Haiti
Honduras
India
“ Ireland |
Malagasy Republic
Mauritius
Mexico
Nicaragua
" Panama
Peru
South  Africa
Swaziland
Thailand
Venezuela
Foreign- Total -
Grand- Total

3,215,667
1,169,333

. 1,252,543
- 725,000
6,362,543

1,126,020
. 63,064
190,539
. 6,102
512,651
13,378
183,641
79,391
54,250
60,357
618,131
74,591
37,301
41,813
57,767
50,863
28,480
6,085
76,216
5,351
8,997
17,466
524,181
52,889

32,815
408,901
56,103
6,881
17,466
125,767
k437,457
10,800,000

a/ Source: U.S.D.A.,  A.S.C.S., Sugar: Report, No.: 187, Washington, Di Ci,

- December- 1967, p. 22,
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pounds in 1950. 28/ The Lamborne Marketing Seryvice estimated that per
capita consumption -of sugar.in 1967 would decrease to 95.9 pounds. . 29/

In - summary, world sugar supplies.amoun;ed;to'72.millioﬁ metric tons
in 1967. . Wo;ld sugar consumption was.estimated af'65.7‘million metric
tons.for the same time period. Of those countries producing sucrose sugar,
30 were directly responsible for 41 percent.of -the United States needs.
Hawaii, Puerto Riéo,_andAthé Viréin Islands.accounted for an additional
18.3 percent of ‘the United States' sugar demand in 1967. Therefore;

domestié¢ sugar beet and sugar cane.growers only supplied 40.7 percent of

the United States'.sugar needs in.1967.

Problem

There are.a number of factors that can affect the dgmand*ofgsugar
in the United States. Among, these factors.are technology, fereign and,
domestic crop failures, disagreeﬁents with.exportipg countnies,‘éhanges
in tariff-and‘tradefagreéménts, modifications in demestic -sugar pelicy
and.legislatioen, .aswell as chaﬁggs in poepulation, ,prices, dispesable
income, .and tastes and.preferences. . '

As historical.data-illustrates, the United States has-depended'on.

foreign countriés as well as off mainland sources to supply-approximately

28/ United States Department of Agriculture, Agrlcultural Statistics 1967,
' Washington, D. C.,. 1967, p. *106.
29/ Lamberne-Sugar—Market .Report; (Weekly), New York, February.2l, 1966,

p. 2,
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60 percent of domestic sugar: supplies.. This. situation currently -exists
and places the United:-States- in' a’ precarious: position.

The potential for sugar' supply problems. in the! United: States-arises
if relationships  with exporting countries-.falter-:or are.:discontinued
due to foreign: control of'shippingjlanes; - The- UnitedStates- experienced
a shortlived sugar crises in 1962 when' diplomatic and. trade: relations
were discontinued  with: Cuba. The: impact  on' the: domestic: sugar industry
resulted’ from a reduction of three million' tons of: sugar: exported
annually to the  United- States By:Cuba;' §Q]Z:Other'foreign“countries
as well as the: domestic beet and' cane: sugar  industries eventually were
allocated Cuba's"3,000-ton quota. - Similar-disagreements: could: tempor-—
arily'impair:domestic-sugar'suppiieS'depeﬁding'on'thefresponsefof'main—(
land‘cane'and'sugar'be‘e‘t‘“growefS'tO'adjust:tor,change,s:”in:,demar‘xd‘°
It'may'be:possible'for'the‘domestiC'sugar'industry?to:expandiproduction-
in order' to- offset any foreign- sugar- supply~reductions:: - Howeverj:little
is known' concerning the response:rof  producers:tospricervariations.

There: are'.otheyx: . potential: domesticrsugar:.supply -problems:. If
United'StatéS'trade'relationS'withfsugartexporting'countrieszcoﬁtinue
accordiﬁgttO'agreements-made'under'the'1967ZSugar:Act;:there'is a

guestion' as” to whether  domestic- sugar- production;,  both:.cane:and beet

ég/"SEecia1=Study"onﬁSugarg‘A'Reportnof'theiSpecial=StudyaG£oup on
“ Sugar’ of the' United' States: Department-.of- Agriculture;=Washington,
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sugar,  can ber expanded to-meet- a: growing:. United . States:.demand: : Also, it is
imperative'tO'detepmine'if'productiontcouidzbenreducedtandaunder'what
conditions.

* Because' the' sugar <dindustry”in- the-United:.States:.isz.affected- by* changes
in world sugar marketing,: a-.study was  needed: thatrwould: indicate-where
sugar’ industry expansion .or' contraction: would .take- placer.and:under’ what
conditions: changes  would be-made. 'Such:atstudy:wasninitigtedfinfi963 by
the directors-.of the .Western:Agricultural-Economics: Research'.Councilys 31/
Four objectiveé'Were"established; One: of  .these: objertives: was-.to:.assess
the  capacity'.of  domestic .and' foreign sugar-.industries .to-.respond to
changes:intdemand;.‘ThiStstudy'répreseﬁtsnthetMontanaLAgricultural
Experiment- Statdion: contribution  to- this-.objective.

Because Montana' sugar beet .growers- produce’ 674:.percent:of .domestie
sugar supplies'.it- is- reasonable'.to:.expect' that-.any.changes .made=in the
domestic sugar  program would  affect .the'.sugar’.industry-within-Montana.

It is hypothesized: that-.the beet'.sugar: industry in-Montana .(farmers
and‘sugar‘réfininghcompaniesﬁ'is‘bperatinghathsomethinguless:than'full
capacity and hence' will' be' able- to- expand- supplies:.of- beetr sugar beyond

existing production” by drawing from potential- sugar: beet:producing

31/ This study is being conducted: under* Western' Regional- Project- (WM=51).
While  this" study is' only" concerned with- the supply response of
Montana producers, other' states' are' currently conducting similar
research  in' the major beet and’ cane- producing’ areas.




- 16 -
and sugar manufacturing  resources. The" problem for: this-study-is to
determine' the’ potential capacity of the Montana- sugar-beet- and-refining

industry. ‘ o

Objectives

The two" major’ objectives of- this-.research areras follows:

(1) TO'&;SESS thE'economic*potentiai'sugar*beet"ﬁroducing
capacity- of- selected  Montana-irrigated-regions: under- alter-
native‘prices‘of'sqgar‘beetS'andfother:competingncrops.

(2) To*as;eSS'the'potential‘beet'sugar'maﬁufacturing‘capacity

- based' on' the' results obtained- in- objective  one.

The  organization: of* this' dissertation® includes' a' review of the
1itefature*of-pastnsugar'marketing?researchfandaeconomic:modeistdesigned‘
to- estimate’ future: supplies' of a.given'.commodity*:(Chapter: I1)+ The
methodology of this' study' is: explained:.ins.Chaptexr: III.~: Supply-response
analysis*is*cqntained-in:Chapters-1V1h'VIii.fOr'each:sugarnbeet#ﬁroduction
area., Sugér“refining'capécity*isranalyZed:inxChépterziXL,'The“conclusions

and’ policy implications' resulting from the; study  are: presentedrin~Chapter X,




CHAPTER IT-.

REVIEW: OF RESEARCH COMPLETED: AND* IN -PROGRESS

Sugar: Industry -Research

‘Some'reseafch has been’ completed: on' sugar (sucrose) substitutes.
Hayenga studied'the'substitution”potentialef‘artifical.and'corn
sweeteners for cane .and-beét  sugar. 1["He’sugggsted'thatfsynthetic.
sweeteners Qill‘continue'to;substitute~forvbeet and- caner sugar’ provided
that consumers continue to' demand low' calorier food ‘products: - ‘ However,
the Food.and-DrugfAdministration*wiil‘haVE“to=ﬁ0dify>currént'regu&ations
concerning the:technical‘mix:ofwsynthetiC“sweetener with sucrose for
foods' if the: artificial sweeteners -are: to:-be rasignificant .substitute
for-sucrése.

Hayenga‘pointed out that“littieféttentionNhHSAbeenkgiven to
sweetener. substitutes in sugar policy.: ~The" sugar: program-as: it is now
established is essentially designedwtptprotectffheﬂAmericananoducer from
foreignfcompetitioﬁu(at“a'relativeiyfhigh:cost%toftheadomestic”economy).
Very little -has been done: to protectthe’ sugar déndustry. fixoman-internal

threat, artificial sweeteners. 2/

1/ Marvin Lee Hayenga, ''Sweetener- Substitution inthe Food- Processing
Industry', Ph.:D. dissertation, University -of-California; -Berkeley,
1967.

2/ Marvin L.- Hayenga,  ''Sweetner: Compatition™ and Sugar:Policy ,.Journal
of Farm Economics, Vol. 49, No. 5, December 1967, p. 1365. :
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Ballinger also has studied: sugar substitutes. He determined that
non-caloric sweeteners, cyclamate;.saecharinﬁandvmixtutesvothhe two
are currently being used much' more thaninthe -1950's. - The- largest: gains
were reported in the beverage industry. ' Use' of artificial -sweeteners in -
1970 is expected to- be double that: of 1965;'1An~estimated¢25amilliop
pounds of: artificial- sweeteners or -the equivalent of 915,000 tons of
sucrose sugar will. be consumed in 1970. This represents' 3. .percent of the
United States1970 'sugar consumption. 3/

An analysis :of ‘the world sugar market- shortly after Cuba aligned
herself with the: Communist Bloc countries ‘was made by Bates.: 4/ Cuban
suger was -eliminated froﬁnﬂnited'StateS'imﬁortS'as'Well-as from othet
free-world sugar -markets. Bates tried“tOwdetermine-the:shortttun"effects
of -Cuba's action on trade patterns. He found that: price: fluctuations
were more: a result-of political action. than:of changes.dn -transporting
efficiencies,n.Fﬁrthermote, in the: long: ruhy - under freeicompetition less
sugar would: be produced 1n the United:States:-and the Uw- S ‘8. R., and
more Would be produced in- Central Amerlca'"thebcaribbean;'andnCuba.
Finelly?-BateSLcoﬁcluded”that'longfrunﬁrestmietions:on&Gubehﬂsugarﬁwould
force-the.United:Stateszto'payrmorerfer“foteignﬂsugar.

'y . : o

3/ Roy A. Balllnger, Noncaloric ‘Sweetenerss:-‘Their' Position in the
Sweetener*lndustry, Economic-Researchi-Service; United States’ Department
of Agriculture, Agricultural EcenomiciReport-No.-1%3,  Washington’"D. C.,
May 1967.

4/ Thomas: Hobson'.Bates;,: "The' World-Sugar Economy.and-United .States-Supply

: Policy", University of Califotnia, Berkeley,:1966u ::Digsertation
Ahstracts, Vola,27} No: 11, P> 3569-A. University MictrofilmIncor—
porated, AnnrArBor;'Michigan.
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Goranson has examined the numbers-of:firms, sizes,-locatiton, and
spatial arrangement- of the beet: sugar ‘industry in'.the::United States. 5/
He found- that -the: number of beet“sugarrfactorieSNdeclined"from=87'in 1939
to-59'inn;9625 -However,the:-average . -plant::size :increased:«from: 1;600. tons
of daily beet::processing vapacity to- 2,600 tons over the -samerperiod of
time~- - Also,- the: average -distance-between~plants; in:the:United::States

increased from 47 to 57 miles.

Four factors"wereﬂthoughtﬁtofaffect'piant'Iocaticnetrihey'were raw
materialuiocation;htransportationthets;“ecbnomics;of scale: ¥n: manufac-
turing,’ and urban‘ pull for'inputs%an&ﬁfinished productemf'Goranson:con—
cluded'that'processing'plantSﬁshouid1be‘located:cl&serxto:supplyﬂareas
to attain' feasible:-economiesin’ assembly -and::distribution:of: raw inputs
and final' product..

A considerable' amount of work has:'been -done: by: various--experiment

stations: -in:-determining the  cost and: returns: :to:'sugar:-beet:production. 6/

5/ Leonard David:-Goranson, "An Analysis of - the LocatZon -and-Spatial
Arrangementrof-the’ United' States: Beet Sugar Industry, :1939-1962",
Ph.D. dissertation, ‘University :of Towa, 1966: " Dissertation® Abstracta,
Vol, 27, No. 9, ‘Science and Englneerlng, p.-3137=B,  University’
Microfilms, Ann'Arbor, Michigan.

6/ See George W.- Campbell, et.-al.,. Supar-Beets:: - Estimated:-Costs-and-
-+ Returns, 'a Preliminary Report;, College -of- Agrlculture' Cooperative
Extension' Service,: University of ‘Arizona, 19651 - K.: D “Porter and
B. J. McBain,  Trrigated: Specialty” Grops“of'Alberta"‘Farm Cost Studies
Division' Dairy' Branch, Alberta- Department of Agriculture; 1954=1958.
Walter W. Pawson and’ ‘Aaron’ G ~Nelsony :Sugar:Beets Economics of

Machinery'Investment,  Arizona' Agriculture-Experiment--Station;,* Report

238, August1966: * G.' A.- Fisher, :Sugar::Bests: :in"Ontario,. Farm-Economics,

Cooperatives and-Statistics’ Branch Ontario Department :of~Agriculture
and' Food,  June 1966, Robert A.’ Yaggle -and::Lauvel: Dy :Loftsgardsy: Sugar

Beet’ Productlon Costs:and/*Bractices”: 1nvthe'Red Ritver-Valleyy; North -
Dakota  State Agricultural Experiment ‘Statfon ‘Bullétin~No.' 466, :Fargo,
North' Dakota, October 1966,
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One studywas::completedi by Stevens at .the' University of Wyoming. -7/ He
found that theaverage :Wyoming sugar: beet -farmer :received -yields .of 14.8
tons' of  sugar beetS'per-acre-énd#that%thefaveragehsizehofasugm:béét:con—.
tract was 125 acresw--Stevensrcalculatednthat:in:1964.théﬂtotal“aVerage
cost’ for: growing: an aere’ of sugar-beets -in: Northern-Wyoming:was:$190.72

or $12.47 per’ ton.

" Montana: -Supgar:-Beet :Research -

The' Montana“experiment’ station—has beenwinterestedﬁip:sugar.beet'
production'since-1898;'_§/' Asumentiéneq“eamliergwthesfiﬁstﬁfeasibility
experiments to:-produce sugar beets-insMontanaare:attributed-to:F. W.
Trapﬁagen;v 9/ geet-growerS'iﬁrvarious-partSﬁof theﬂstaténihitially
cooperated with Traphagen’ by seﬁding"beetvsampiesﬂtoﬁtherUniversity for
chemical analysis.

The last-general research on: sugar-beet  production—in.Montana was a

farm managément~study=completed‘in-1956; ;Qf-rMyrick'anquuffman.present
N ’

—t

7/ D. M. Stevens, et.. al., Sugar Beet Production -Costs-and: Bractices for
Wyoming, Mimeo-Circular No.: 206, Agrlculturai Experlment Statlon,
University of Wyoming, Laramie: Whoming, ‘January 1956+ ‘Also D. M,
Stevensy*-Costs' and* Returns: for' Téripated:Crops: in-Wyeming, Agrivultural
Experiment -Station Bulletin® 467; Unlver51ty -of Wyomlng, ‘Laramie, |
Wyoming, March 1967.

8/ See~Appen&ix I -for publications conaernipg-Mbntaﬁéwsugar'production.

9/ F. W. Traphagen;: The: Sugar’ Beet: Iﬁ'ﬁbntana, MontanarAgricultural
Experlment Station Bulletin No. -19%y-Montana: College'of ‘Agriculture
Bozeman’,® Montana, -October 1898. :

10/ D. C.:Myrdick and Roy:E;'Huffmang-éﬁgarrBeetvProduCtidnwin:Montana,
*  Montana'-State College, Agricultural Experiment Stgtion- Bulletin
No. 525, November: 1956, Bozeman, Montana. :
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a descriptive'study“of‘the'Mbntana'béet‘industry'based on data gathered
in 1947-48. The' objectives of the' study were- to' determine the physical
environment for-sugar beet: production, evaluate-the adoption of new
methods and machines, and to determine- the  role of- the-sugar- industry in
the Montana economy.

The conclusionS'reéched by these researchers indicated that sugar
beets provided the most: important- cropping alternative'din:' terms of income
to irrigated:férms; 'Myrick'and‘Huffman'also’observed~that'a~technological
revolution Wasxoccurring'in the  Montana- sugar beet-industry: -New: tillage
and'harvesting*methde'Were'beingwdevelobed;'ﬁore'advanced:machinery was
being‘adopte63 and'monogerm'seed‘develbpmenfé'were'improving‘the~profitr

ability' of sugar beets 4in Montana.

Supply Responses, Methods, ‘and Models

A supply function for a commodity'is'the'reaitiﬁnship between prices
and-the‘quantitiés“of~the'commodity'Whicﬁ*prodpgexS'axe willing to place

on the market for sale in a given' time' period, -certeris paribus. The

traditional: supply” function  slopes: upward- to- the right- expressing a direct
relationship - between’price  and- quantity. :11/

"The  nature of -the‘ supply  function' in—any--one-period for
a single agricultural product- or ‘the-aggregate- product of
agriculture- depends- on- (1) the'nature-of -the physical pro-
ducdtion in- the relevant' supply period; (2)-.thenature~of the
market'for'factors'used'in'prodﬁction oW sy (3) ther struc—
ture of firm costs .’ . ., (4)' the naturé of household :

11/ Alfred Marshall, Principles: of- Economlcs, ‘London, Macmillan and
* Company,’ lelted . 1930, pp. 455 476.
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inter-relationships' including the*motivating forces-behind the
production  response: of farmers,  and' (5)  the' expectation of
growers. ' 12/

There are a number’ of  models and  procedures that have'-been-developed
in order to- estimate supply'functionS'forfa'givenchmquity;'ﬂNerlove and
Bachﬁan-suggest-two~genera1'approaches~for"estimating'suppiy'functionsz' 13/
The first'method'invoives“the'uséféf‘a‘pﬁoductionrfunction'and is
commonly referredntozaS‘the‘synthetiCjapproach;':The!secondfprocedure,
the'hiétoricaiﬂapproach;'requireSﬂstatisticalftimesteriesrdataz““Heady,
however;,  suggested- four  methods: of: determining: supply- functionss:

(1) - estimation’ through-the use' of- a' production- function,- (2)- budget and
‘budgefhengineering‘analysis; (3)- statistical time. series: analysis and
(4) linear programming.- 14/ However, they can be.grouped‘into Nerlove
and Bachman's classification.

' A'suppiy‘function'can:Be‘geherated'fﬁom a production- function by
first-estimating“the“production'functions~and“then'deriVing'thefmagginal
and- average physdical' product' relationships:- Cost'curves;aye‘aléo |
derived- from these- relationships. : Economic' theory  suggests:-that the

-marginal cost' curve above-the average’ variable’ cost is- the firm supply

curve 1in the' short  run.

12/ Earl 0. Heady, Economics' of  Agricultural Production:and:Resource- Use,
New Jersey: Prentice-Hall, Incorporated, 1952, p.:677.

13/ Marc Nerlove and Kenneth' L. Bachman, "The-Analysis: of- Changes in
.Agricultural- Supply:- ' Problems: and- Approaches!';: Journal: of: Farm
Economics,’ Vol.  XLII, No. 3, August: 1960, p.541.

14/ Earl O. Heady, et:. al., AgriculturaihSuppi§hFuﬁctionsg-Iowa:State
University Press, 1961. - (Refer to'Contents' and Introduction.)
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Attempts' have' been made' to' derivea supply function. from" arproduc-—
tion function.: - However, problems:' arise’ which-are~difficult: to- overcome
in empirical'research;"These*are‘(l)'determining‘interfarm'differences
in manageriai'input~use'and:technoiogy;-(2)"separatingrmﬁitiple‘peructs
which' are interdependent: on' production,- (3) .and measuring of-input- levels,
particuiarly'caﬁital. 15/- Studiesnby'Grilicﬁes 16/ -and: Beringer: 17/
have been desigﬁed't0'overcome'some'of'these'problems.

The farm budgeting method of deriving .a supply function is attri-
buted to John D. Black. 18/ The  budgeting technique was- developed in
order to- avoid some' of the‘probiemsrmentioned*above'that:are~inﬂerent in,
the classical production' function method'of'deriving'a'supply'funcfion.
The  budgeting method was used' to'.discover: typical farm.organizations
that may be expectedr to produce maximum farm income: based: on-alternative
prices  for a given: commodity.

The' time required- to- determine' a- supply  function via' the: budget

processwas- great.,- High- speed’ computers: have' not only- reduced'the: time

15/ Nerlove and Bachman;“op; cit., p.'542.

16/ Zvi Griliches:, "Specification Bias in' Estimates. of Production

Functions'," Journal of  Farm Economics,' Vol. 39, No. 1, February
1957, p. 8. :

17/ Christoph Beringer, "Estimating Enterprise: Production: Functions

from Input-Output' Data on' Multiple' Enterprise: Farms!", Journal
of Farm Economics,  Vol. 38, No. -4, November 1956,  pp.. 923-930.

18/ John D. Black, '"Research' in' Farm Management’ Scope' and: Method",

Social Science' Research: Councily Bulletin No. 13, June 1932,
pp. 87-101. ‘ .
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required to 5o0lver supply  response:probilems: through. linear- programming
which includes-budgeting;’but'they‘aiso'have“made~it“possible“tOThanéle
case' studies- with' more* variables.

Budgeting-engineering techniques were .also: used:-to-deriwve: supply

responses. This technique' requires: that:.supply" functions: ber-synthesized

from input-output data gathered' at- the: firm .level. - According to- Johnson.

there are seven basic' steps used in the synthesis process. 12]'~The key
step is the selection of appropriate’ input-output .coefficients:’ Dean,

et. al., have usea this-methodjto derive an aggregate normative supply

relgtionship for cotton in the Imperial Valley, California} 20/

A supply curve can be developed through the use-of'Stﬁtistical
techniques. The process of fitting a- line (regressionuagalysis) to
observed price—quantity data‘WaS“carried~out“as.early as.l9lz} '2l/
Similar statistical supply response. studies havei-been: completed .by: Black

for wheat- and- miik,. ggj as well- as other. studies by Bean. gg/

19/ Glen L, Johnson, "Budgeting and Engineering-Analysis of Normative
Supply Functions', Agricultural  Supply-Functions; Iowa.State
University Press, 1961, p. 171. -

20/ See page

21/ H. L. Moorey, "Forecasting theYield and: Price:-of Cotton".: Refer-
ence cited in: Blacki: Introduction.-to. Economics: for- Agriculture,
p. 247. '

22/ John D. Black, "The Elasticity' of: Supply of Farm Products'’;’ Journal
* of Farm Economies, Vol. VI, No. 2, April 1924, p. 145..

23/ L. H. Bean, "The Farmer's Response to' Price', Journal of Farm
Economics, Vol. XI, No. 3, July 1929, pp.: 368-387.
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and Schultz.: 24/. Cassels. 25/ .suggestS‘the~use~of;regression:analysis
rather than:éstimatenof cost: of’ production.data. to. derive. supply .func-
tions. 26/ He argues that: production: investigations. are-fundamentally
sound but.that:they'arenof'1itt1e'value:toxbusinessmenaand:eéonomists
because: production: cost- analysis per se offered- little: about::the:respon-
siveness  of supply: to price' changes.: 27/

There ares limitations' in: using: regression:techniques:.in: determining
a supply function' for a' given' commodity. -One limitation:is- the-inability
of userS'éf'regression'analysisvto:accurately:reflect:structurai:changes
of a given industry:in the model.: 28/  .According: toStanifeorth and
Diesslin;:even:if"researchers:using:regression\techniquesato:esfimate

supply could'adequately'represent'historicai‘structurai:changes,-greater

24/ "Henry Schultz, Statistical:Laws:of: Demand .and: S;ppiy, .Chicago:
Unlver31ty of  Chicago Press, 1928,  Chapter V.

25/ John'M;'Cassels; ""The' Nature of’ Statistical Suppy:-Curwes!!y~Journal
of' Farm:.Economies,  Vol. XV, . April 1933, pp.-.378-387.

26/ Cost of production studies were made by'thé'United'StateS'Tariff
Commission for the purpose' of setting tariff: duties .on’ specific
commodities.  Bulk' line-cost- curves' represénted’ as supply curves
were determined from the' cost'of porduction-.data.' Bulk line is a
term-used to’indicate a line drawn at suecl’ a point.-that it will cover
the major part of production -and will presumably’ include all
efficient producers. - (Mark A.  Smith, Tariff: .and"Wool, New York:

The  Macmillan- Company, 1926, pw- 125. )

27/ Cassels, .op. .cit., p. 378.

28/ Elmer Learn .and Willard Cochrane, "Regression Analysis!,.Agricultural
: Supply  Functions, Iowa  State:-University' Press,.1961;:p. 71.
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problems' arise- in' predicting future- structural modifications-if the
technique is to' serve- as' a’ tool- for  prediction:- 29/
Another' problem' in using:statisticalitechniquésuaﬁises;out;of:pre-
dicting'future"resource'supplies;'tBrand?w: 30/ indicated- that the
results of his milk- supply study were not to'be used-.for-.the purpose of
making reliable fofecasts because there were too:many.unknowns in the
model. Other-problems are  centered-in. trying .to explain:.uncertainty and
expectations, flexibility of fixed factors, and:.changes..in: technology
over. time.: 31/: Also, defining the length:.of’.time.required:for.producers
to react and make..adjustments..to'.pric.e'-.changes..has:been“dif.ficult° One
never'is:sure,of'the'length:of:ﬁime;(timealag).requiredzby'firm.managers
to respond' to:.economic .stimuli. |
Despite'thesé:problems;ﬁregression:techniquexhas.beenﬁahpopular
meanS'of:identifying:supply'relationshipsuﬁor'agricultural%productsm‘ One
reason'suggestednby'Nerioveaand'Bachman:iS'ﬁhat'statistical“techniques
avoid aggregation problems' that are inhéerent’ in .synthetic' typical oxr- repre-

sentative farm: supply determination-techniques. -32/. Furthermore, new

29/ Sydney-D. Staniforth and  Howard'G. Diesslin, "Summary  and: Conclusions",
© + Agricultural-.Supply Functions; Iowa-.State-University-Press; .1961,
p. 293. .

30/ G. E. Brandow;,.Change:in Milk Production:in. the: United: .States:1924-
© 1951, PennsylvaniaAgricultural Experiment . Station:Progress-Report 97,
1953.

31/ Nerlove and:.Bachman; .opw.cit., p. 545.

32/ Ibid, p.:545.
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approaches:.to’ supply response, i. e., -the. .synthetic:linear:programming
analysis, really had not- reached the refinement-necessary: to' give
rgsearchers a:reliable’ alternative' as.a means-.of:estimating-supply .response
until 1958.: 33/ | ‘

In'summary;xregressionftechniqueS'Werecusedxto:estimateisupply
response in'historicaljstudies;'“ThiS'approach:isuusefuiiin'specifying
price~quantity relationships-.as'they actually- exist.

Linear programming, the' synthetic- approach:.to supply response-estima—
tion, has been  used to’ determine:.supply: relationships:.for: agriculture |
commodities:- §ﬁj"This‘techniquetattemptSLto:impréve;onnregression'
techniques;, but: it' is not:-without:limitations.

Researchersausing'1ineér:programmingfto:derivelaisuppiyﬂresponse for
a given commodity have found difficulties-in-tepresenting-actual .economic
relationship. with. .a~mathematical-format.. .35/ .By.definition:.the:relation-

ship between' variables .in .the model-.are  linear whereas-.actual:technical

33/ Arvid C. Knudtson~and-Willard-W. .Cochrane;  ."A: Supply Function for
Flax at' the ‘Firm Level", Journal-of Farm'.Economics:: Vol. XL,
February .1958, p.  117.

34/ Ronald- Krenz, -et.:al., "Normative: Supply Functions:by:Linear
Programming Procedures',: Agricultural-Economic:Research;: Vel.: XIV,
No." 1, January 1962, p. 13. :Gerald W. Dean,'.et.:al:, "Supply
Functions' for Cotton in’ Imperial Valley;' Californial;:Agricultural

35/ Dean E. McKee and  Laurel Di.Loftsgard;  "Programming: Intra=farm
Normative- Supply Functions',' Agricultural:.Supply: Functions;: Iowa
State University Press, 1961, p. 153.
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relationships-may.be .curvilinear. ' This-has. lead .researchers to:attempt
to estiméte‘the'production:function'by:1ineannsegments rather than b&
‘a'continuous linear functioni: 36/

A second: limitation  of linear programming models .used: to' estimate
supply response .is' the lack of knowledge- about .the'.factors: which
influence profit-.motives. - Researchers  have-difficulties-inrincluding
these-subjective'factor5'because'of'theiftqualitativeLrather;thaﬁtquanti—
tative.nature;:‘Therefore;'researcherS'believe'thatxthensupplytresponse
generated'bytiinear:programming'iS'hormativexrather_than:positive;. 37/
Normative  functions- describe: what' should- happen-.as:.prices-.change: whereas
positive  or predictive responses indicate-what:will happen-.as-prices

change, ceteris paribus.

Most linear programming models  used- to'.estimate’ supply- are- based on
the  response of'.a' typical or representative farm. -Two .problems-arise in
using a’' representative- farm .as .the basic unit-.of-.analysis.. .The-first
problem'iS'centered.in'aggregating'typiqélpfarmhsupply’responsesnto‘form
an'area'or'regional‘response."Aggregation error'isxexamined“in‘greater
detail .in- Chapter ITII.' 38/ The .second’ probilem .concerns-partial .equili-

brium analysis.® 39/

36/ Sydney D. Staniforth and-Howard-Diesslin; op:..cit., p. 297.
37/ See page for more on normative wvs.  positive' supply: responses,
38/ See page

39/ Dean, et. al., "Supply Functiops for Cotton:in Imperial-Valley",
op. cit., pp. 7-14. ' . '
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By inflating the' typical  farm suppily:response.by the established
regional  restriction: levels: an- area: supply: response:is determined. -Often

times this procedure‘ leads' to over’ estimation:of: supply.

Partial~equilibrium-problemS'arise:bécause;it.is assumed that farmers

‘maximize profits' based on' the  assumptions-of-the model- {fixed resoufce
levels‘and:constant'priceS'pf:competing;enterpriées). " If: growers” were to
make the: adjustments often- times- suggested: by: model’ solutions;: aggregate
supply would probably reflect' a much: different:price .and:rquantity:.rela-
tionshipsy-iv-es, if'sugar'beet‘priceS'increase;'resourceg'should be
shifted from competing crops to- sugar .beets. - There would .then:be a
reduction in' the: supply- of - competing crops;: thereby raising: their-prices.
However;'in'the'linear'programming'modgis“priceS'of competing crops are
assumed’ to' be constant:. ' - Linear- programming- solutions that-do  not-reflect
changing prices- of: competing crops-tend- to-estimate-a-supply response
greater'than'the"response'Wpuld'be'underiactual conditions.

Regardless: of the  limitations- of-the-linear-programming model in
estimatiﬁg'supply;“the;technique’is*superior't0"other'approaches in
estimating .a long .run price-quantity’ relationship:. The: method:offers a
better way of estimating structural’changes' and- technology-adoption than
do other methods.: 40/ Linear'progfamming‘offersito:researchers an

improved tool- for examining the-effects-of new variables:introduced- into

40/ Staniforth and Diesslin; opw. citi; p. 297.
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the problem' situation. In addition, detailed:examination of-specific
factors: can’ be' analyzed: by sensitivity-analysis. - Further;' linear pro-
gramming provides a way to’ estimate- supply response:where"histofical
data is inéufficient; 41/

Variations' of- linear programming‘ have been:made-.for- the~purpose of
improving the-predictability.potential. 'Day'used:reéursive'programming
to estimate:supply'response;: 42/ 'Recursive5programmingzailows the
researcher to' systematically .control: the tate“of'édoptiontqf~technology
over timewv- -The- optimum solutions: determined:in: time:period-one are: based
. in part-on the?solution:derived'in'the:previouS'time:periods;' Also;'Gatés
and' Kottke developed’ a' two' stage recursive’ programming: model  which: con-
sidered technological: change as' a' chance'element: to be:.determined outside
the' linear programmiﬁg model. 43/ A Markow Chain: process:was: used to
predict farm numbers- by milk-herd. size.: - A’ recursive: model: was used to
estimate. farm output' for each year .under: considerations:. This: two+stage
model'éllows-for'decreaseS'and'increaseS'in:herd'size:simultaneously
within the model whereas' the traditional linear: programming: model is’ some-

what restricted to measuring changes- in- one- direction,

41/ Heady, op.:cit., p. 17.

42/ Richard H.-Day, "An- Approach  to-Production:Response", Agricultural
Economics: Research, Vol;-XIV, No.: 4; October 1962, .Also; Richard
H. Day,  Recursive Programming  and- Production~Response;  Amsterdam,
The' Netherlands:  “North=Holland: Publishing: Company;. 1963,.p. 37.

43/ John'szGateS"and'Marvin:W;:Kdttke;ﬁThenDynamicsuof;MiikLSﬁpp1y in .
Southeast: Newr England;,: University-of  Connecticut Agricultural
Experiment- Station-Bulletin- 395, March-1966.
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Dean, et.-al.,:in"investigating cotton supply.attempted to avoid
partial equilibrium problems. 44/ 'The researchers attempted to over-
come their problems by' considering-winter- lettuce: and: cotton- simultane-—
ously. First;'they'held‘the'price'of cotton: constant:and-derived: .a: supply
function'for'wintef'1ettucee "Next;-an' equilibrium lettuce:price was
established by forming the traditional-intersection-of-lettuce supply and
demand functions. At ;he'equilibrium'1ettucé?price3'andzwith:a:fixed
cotton price, optimum production-of-cotton-was determined.' This. step was
repeated- with-.alternative cotton prices and .equilibrium:.lettuce:prices

in order: to form a: supply  function- for .cotton.

Sugar: Beet..Supply: Response. . Studies

Robert- Young- completed- an- extensive: study- of-.the eastern beet sugar
industry in 1963.- 45/ Therprimary:objectiverof the:rstudy-was to
analyze the economic- factors that-infiluence: sugar beet:production in
Michigan- and Ohio: Young projected the production. of- sugat: beets,;: com—
peting'crops,-and'livestock'enterprigeS'to‘1975; ~He usedra:.linear
programming model: to' generate” optimum-enterprise-.combinations:.and: there~

fore production- responses- to-changing  prices-.and  other:.economic-factors.

44/ Dean, opw.-cit., p. 1.

45/ Robert Alton. Young, ''An‘Economic: Study. of the:Eastern Beet: Sugar
Industry", Ph. D.:;dissertation; Michigan:.StaterUniversity, 1963.
Also see Robert A. Young,  An: Economic: Studyof:the:Eastern: Beet
- Sugar. Industry;, ' Research' Bulletin~9,: Michigan' State University
Agricultural - Experiment- Station,. East' Lansing; Michigan;..1965.
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There were. three- general conciusions;xeachéd;by Young:. ~First;: there
would- be: favorable- returns-to sugar beet: growezs: through: 1968. -Second,
there would be.:aconomic conditions- that- would: be:-favorable-to- continued
but moderate;sugar'factory'expansion; 'Finaily;:Young:concluded that tﬁe
construction:of'neW'plantS'Wouid'not-beaeconomicaiiyzjustifiéd in the
Eastern region:in'the'next few years.

ﬁore specifically;‘the‘results.oftthe:study;indicated:thattyieldé
would- increase: and- the- costrof  producing:. sugar: beets: would-. fall. - These
occurrences are.attributable: to-the adoption:of-new:technology. -Among
the important: economic- phenomena’ that- Young' found:was- that: sugar beets
yield the highest-return-per acre but-with: high: costs:for: labor and
machinery. - However, the advantage of high-returns-per: acre:dissappear on
certain soils: Also;'the'distance’that:arbeethgrowerfmust:haulfhié:pro—
duct for processing.is-an-important- factor-in-making:therdecision  to: pro-
duce’ sugar-beets. According  to~Youngs;- growers: farming beyond 20-miles of
a factory or‘beet"dump“finﬂ‘costS'toé'high to éontinue“productionn

Pertaining“to‘thezmodelg Young- indicated:that there .were:a~number
of factors-affecting: sugar beet-production - that were:very~difficult to
‘measure. ' He: concluded,- therefore, that~thermodel-has: .shortcemings: as a

tool  for-measuring- total-production-relationships.
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Spauldingr completed a. supply response .analysis .for sugar;beets
subject' to alternative-prices in two Utah .counties-in .1967. :ﬁg/. The
objectives of  the' research were:to determine .the: relative profitability
of sugar beet production"gnd'to‘estimate:a.1onganun:sdpply curve for
beets' in- response' to~changes-in~profitability .of competing farm
enterprises,

Secondary daté'were'usednby'Spauldiﬁgito calculate .costs and returns.
Budgets' were' developed:to supply-gross .and net returns per acre for each
enterprise. Profitability ratios were-calculated:for each farm: enter-
prise which indicated the’ relative  returns-.to:.the: factors of. production
(land,- labor, .and:.capital).

The Bureau: of: Reclamation:.and- sugar' company .officials approved
three“p¥oductivity'1eveis"that'were“used'on:representative'farms; "Pro-
duction- levels- encompassing three” representatiwve farm sizes of 40, 80,
and 160' acres were examined. ‘Representative-farms. included: three. crop
and livestock: combinations' {all: crop, crop=dairy,  and:.crop=beef).

Spaulding calculated the'suppiy'response‘for:each'representétive
farm with- the use.of:linea£'programming;' Paraﬁetric‘programming was
used by the' researchers  to calculate the  desired variations- in' sugar beet

- prices. Variable'price:programmingrenabiedntheﬁresearcher"tO'calcﬁlate

46/ Brent W. Spaulding; ' "Estimated”Long=Run’ Supply Response’ to’ Changing
Profitableness’ of- Sugar  Beet-Production:-in- Box: Elder: and- Cache
Counties:;,: Utah, from 1966-1975"; Unpublished  Masters: Thesis, Utah
State- University,- Logan;" Utah, 1967.
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solutions at extremely high price’levels. 'Reduced sugar beet price
levels were introduced: and  optimum enterprise combinations were there-
fore changed. Price'levels were:decreased:until sugar beets were
eliminated from the solution. -As price. levels fell alternative-enter-
prises-substituted'forfbeetS'and'a‘suppiy'relationship was established.

Finally, Spaulding combined- the' representative farm: supply responses
(micro-supply)- into- the- various- county- responses:. -All- available land
and water were assumed- to be' used by’ the  representative farms designated.
An average of the six estimates were used  to- define- the: county supply
response’ curves: ' Individual supply functions' were  summed horizontally
to determine the  function. ' An- aggregate supply curve was established

by combining' the two- county' responses.

Comparisbn of: Methods: to: Estimate:.Supply Responses

In summary, there  are two’ basic' approaches' to' supply- response
studies; (1) the'synfhetic method‘wﬁich over-the' last' few: years. has been
dominated by linear programming: studies and- (2)- regression..analysis. based
on time series data.. Both: methods ﬁave‘advantagesuand 1imitations.
Schailer-and:Dean:comparedna'recursivenprogrgmming.modeirto.a.statisti—
cal model based..on time series-.data.. QZ/: Bothutechniques:wefe:used to

project. changes: in .the: production:.of. cotton: and.other:selected: crops at

47/ W. Neill Schaller and:Gerald W..  Deany:Predicting: Regional Crop
Production;. An: Application: of: Recursive:; Programming,- Technical
Bulletin 1329, United States' Department of Agriculture,: Washington,
D. C., April 1965.
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Fresno, California. Results indicated that the  recursive: programming  model
was less accurate than the regression technique. The 'recursive .analysis
led the researchers to conclude that large acreage: changes. would occur
from year to year, However;'actuaifchanges~were.reiatively small., The
regression technique  appeared to be:-a:more-:appropriate predictingtto;i in
this case. However, one’advantagerin' using recursive progfamming was' that
"structural. changes: in acreage.qverqtiﬁe were  determined.. - Regression
analysis results did not: show' these' structural changes.

Zepp pointed .out' that the synthetic~typermodels:.often: overestimate
actual production.: 48/ It may:be’ possible: that"regression: techniques
used  along- with:.synthetic procedures may result - in—a:rmodel-.that-takes
intorconsiderationnhistorical'trendsﬂasawelihasﬁanticipated‘technological
and- institutional- changes' thereby  reducing .overestimation’ of production.

'Regression:grocedureS'avoid agpregation: problems:.that:plague- researchers
using' linear programming with- representative: farm:-.techniques. .. Zepp
conclided that'.the: regression tyge-modél:iS“a more:.useful aid in-making
short term'proj,ectionsnof'aggreg‘a_.te'milk.output:.thénr.the;sy.ritheticzmod,els°
Furthermore;:the'regression’modél'based on:trend:data;gave'closer

estimates of actual milk'suppliesx(1960-1965D'than'recﬁrsive'programming

48/ Glenn A. Zepp, "Ap Evaluation' of Selected Aggregate Milk:Output
Response Models'.  Unpublished Ph.'D. dissertation,. Pennsylvania
- State University,' September 1967. . ‘
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for the  same. time. period. The:.author suggested .that linear programming
models are better adapted foxr-studying long=run projections. that involve

technological and institutional-.change.




CHAPTER III

ANALYTICAL MODEL AND' RESEARCH' METHODOLOGY
The purpose of this: chapter is' to develop the. analytical model and
methodology used to- assess Montana's potential-.sugar beet: producing
capacit& under alternative price situations.' The: linear  programming
model and assumptions- are  explained. Variable price.programming and
proBlems-assbciatéd'with'normative'discontinuous:supply:functions are
examined; The concluding portion- of- the: chapter: is:- devoted-to the

research methodology used  in -this- study.

Analytical Model

The linear' programming model - is' applicable: to: problem: situations
that offer a ﬁumber'ofnalternative'profithmaking'enterpriseS:called
activitf'levels. The optimum' combination- of-activity levels is' dependent
upon the mix: of- scarce  productive' resources refe;red'tO'aS’restrictions.

The basic: elements' of  a: programming model: include' an- objective
function, input- requirements, and a set of restriction equations.

The- objective  function  is- denoted as

(1) z = +oenx, k.. "+‘Cﬁxh where- the x's' represent

C1¥1. T Ch¥%y

the unit: of- production <(tons;,  bushels, gallons)-and cj's
are the net profit per unit of x in the case’ of maximiza-
tion problems or the cost per unit of x in-.the dual
solution., = Input requirements- are specifiedr such that

(2) a X% +a,.x,+.. .+ a

1*1 i2%2 in®n

where each X, value is the unit of production and is
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greater than'or~equa1=to-zerO‘and:eaghsaiizvariablefrepre~
- sents the' quantity- of- the:r resource unit-needed~to~produce
a-unit of-the-i*th>product::'Each%setﬁof-inputrlevéls is
- subject to the:supplyJof'a'givenrresource'that'iS"avail—
able- for' the: production- process.
A linear inequality’ exists‘such' that
(3) aiixi'+:aiék2 + ... +‘ainxn.é‘bi
'Where’bi:represents-thefsuppiy’of“angiven'resource; The
objective’ function, equation one,-is-maximizeaforfmini—
"mized' subject  to'the set-of- linear’ equationsy:.inequality: (3).
The processniS'tO'seiect:Fhose-activity:levelS'(xi)'that'maximize
profits: (Z) subject  to the resource- requirement (aii)-to'producerproduct x
based on the amount' of’ resource (bi):available.for:the;production'process.
- According' to' Heady: this' process’ is: based:.on’ the’ following: five: assumptions:
(1) additivity;-(2):11nearity;'(3)‘divisibiiity;j(4)nfinitengss; and
(5) single- value- expectations, -1/ - However, profit-maximization is a
primary- assumption.
The assumption- of - additivity and linearity: means- that- the-total
product- produced- is' equal- to- the  sum: of- the' individual: products.- “Also,
the' total' amount- of: resources' used' in-.the’ productior: process . must-be- equal

to the' sum of- the-resources used by . the . individual .activity-levels.

1/ Earl O. Heady and Wilfred- Candler; Linear' Programming Methods; Ames,
Iowa: The’ Iowa State College Press, 1958, pp. 17-18.
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Interaction between resources in the production of a commodity is assumed
to be non—éxistent. Those enterprises that interact with one another must
be included in the model as one activity.
Activity levels are often represented in the solution in fractional
fgrm, i.e., 20.67 acres of beans, 158.32 cows. The assumption of
divisibility allows resources to be used as continuous variables infinitely

divisible. Rounding solution values to the nearest whole number is

'required to meet actual situations.

Finiteness has reference to the scope of the model. Each linear
programming model has certain bounds which tend to limit the solution
just as actual situations are limited by availability of resources and
the number of competitive alternatives. The assumption; therefore, is
practical -insofar as it reflects the actual situation faced by many
farmers, that of limited alternatives and resource levels.

Each alternative activity level, price coefficient, and resource
restriction, as well as input-output coefficient, is assumed to be known
with certainty. The assumption of single value expectation: results in the
use of estimates that carry no attached uncertainty.

According to Candler and Heady, the assumptions of linear programming
must be mef if solutions are to be precise. 2/ However, any model only

approximates actual production processes and linear programming assumptions:

2/ Ibid., p. 268.
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Variable. Price Programming

Variable price programming  was- the basit analytical tool used in
this study. The'procedural'reqﬁirementS'for'variabie:price:programming
are: (1) the problem must first conform'with.1inearhpxogramming(methods,
(2) an optimum solution for a given'price‘situation'mﬁst:be:aerived,
and (3) the determination of the  price change’ necessary: for  another: plan
to become optimum must- be:determined. 3/

The" supply  response  for a selected- commodity is- determined by
constructingha linear program with an' vbjective function:.consisting
of alternative'activities;'restrictigns;'and“appropriate'input%output
coefficients. For the'commodity'under'exgminationahé'sellingaactivity
is:added'tO"thg'objective'funétioh'ana:assigned%a.pricea ~Ar supply: response
for a commodity'isggenerated;bflfirst'determining"antoptimum'soiution
for_the'prog;am'at the assighéd price. The  solution-.designates: so: many
acres of a qommodity'baséd'oq'the competitiﬁe'naturerof“alternative
activity levels. Computer output'reportsrshownthehuppef%andtiowerrvalues
between which :the. price of a commodity can vary without' changing the
optimum solution. -4/ ° By introduéing'another priCe“forJthe.commodity

exogeneously a new: optimum solution-is:derived... All prices .and:.input

3/ Ibid., p. 265.

4/ IBM Application Program, 1620-1311 Linear. Programming: System
(1620-C0-~04X) Program Reference Manual,. p. 59.
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levels of other: commodities are  held constant while .the procedure is
repeated for the -commodity: in. questionr within pragtical.price limits.'
The results showing -various quantities of the commodity grown. at: alter-—

native prices are plotted asi-a. supply: response.

Stepped Supply. Response

The supply: response.-derived by revising ‘a linear.programming
objective  function. is represented. as a: series:wof.:linear. segments.
This means.-that. a..given: optimal - solution. will: be:stable.-over. a. range of
prices. The function: is not smooth or continuous.:like: the traditional
classical: supply: curve.,.. Steps.-in:-the functdion. are..established at points
indicating: a: change in’ the: optimum: solution: plans:with:respect: to changes

in the' price. of the commodity:in:question, -ceteris paribus.

The interpretation'of'thehsteppedvsupplyhresponséudemived(through
linear' programming -should not-bgrconfusedwwith~theétraditionai continuous
supply curve: obtained by using a-production:sfunctions 'Accérding to
Cochrane,

"The term supply and- response—are:.often used-interchange-
ably. ...: however -, the term supply is' used-to-—-desecribe a:specific

type of- relation [whereas) the: term response..is -used-to-describe
a more- general, -or-what ‘Heady-calledra mongrel--relations! 5/

5/ Willard W. Cochrane;,. "Conceptualizing -the Supply:Relatdions:in: Agri-
culture!', Journal-of Farm Economits;, Voli 37, No.. 5, Decembex 1955,
p. 1162,
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Further, supply refers to,

". .- .how a quantity' of- a: product: offered .for. sale-wvaries,.-as its

price varies, relative.-to other- product prices, for somér given time

and technology. " Response -on'-the: other. hand, - refers-to how the

quantity- of a’ commodity' offered: for sale:varies: with®the: changes

in the-price- of the .commodity.. . I
regardless of the'other'factors-that-mayaenﬁefrintOvthe:situation;._Q/
"The response: relation’ describes:what: will happen: to:the: quantity. of a
commodity~offered-for"sale whehwwe-do-not“hoid-aii'othef:thiﬁgSrconstantm“ 7/

There- is more to the' problem of- traditional:.supply  curves:and dinear
programmingrresponse:interpretation'than:semantics;s-A;continuéus;pro—
duction~re1§tionship'iswthe:oniyameanshwherebyymarginainproductivity
and,- therefore,: . thermarginal - physical:product:relationships:can be
represented.  : It- follows" that -thesmarginal cost: curve: of- the firm which
represents ther supply- curve- in-.the:; short-run-is: also:continuouss

Kottke questioned- whether-or not-a:rstepped:supply . response~had the
same' conceptual basis as a smooth: supply function. - 8/ - He:-took-"the
position -that ", « .,  the interpretation .of-.a step: suppily=function-.follows
the  conventional: explanation of:a’ smooth: suppiky- functiony-.except:-that the

steps  modify and- accentuate’ parts:of-therinterpretations! 2/

6/ Ibid., pp. 1162-1163.

7/ Ibid., pp. 1162-1163.

8/ Marvin' Kottke,. "The' Anatomy: of:a: Step: Supply Functiony: Journal of .
Farm: Economics,  Voli- 49, No.: %, Part:1, February 1967;: pw: 107.

9/ Ibid., p. 107.
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Kottke:proceeded;to~sh0thOWﬁthe‘anatomyﬂof‘the¢step suppidy rresponse
'included (1)-marginal cost' concept’ represented:by: the howizontal sections .
and- (2) the profit‘maximizing:suppiy'respopse=represented by’ the wertical

sections.
Ify in' fact, the: response: derived throughﬁthesiinear.piogramris a
supply curve: or: suppily function;, then a marginal cost:curve is' known.
It- follows that:a marginal physical- product £unctionaexistss »Further-
moré, if a' marginal product curve exists-then a producﬁionffunttion:must.
exist. Therefore,  there is' no need to- use linear: programming: to derive
a’ supply- response: because  the- production function-and the price 6f the
inputs are all that- is' necessary: to- deriwve- the:supply: curve.
For*the=purposes:of'this4study;'sqppiy'response.or'suppiy estimate
are-interchanged  with the:termsasuppiy:curveaand;suppiy.functibni. The
terms will fefer‘to~the'variablefpriceiprogramming:techniquezof determining
supply and under’nO'circumstances‘qre'thE’terms:tO{beninterpreted as

~

meaning the same’ as' supply’ curve or” function:in' the-cilassical sense.

Normative: and; Predictive  Suppiy- Responses

The- suppily: responses: generated: through the: use of variousr schemes
(production function;,: budget,: engineering, statistical and linear
programming): are- either - normative. or pogitive: . There is- somer disagreement

among researchers: as- to the nature of- the: derived. supply. response.
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Heady argues- that-linear programming. supply respense.are normatives.
That is, they explain-what farmers: ought: tos do. under stated conda’.-t;i.ons°
A normative: supply function describes the-quantitiés whieh should be
produced inzordec to maximize profits. at wardous. prices..-11/ Researchers
face difficulties inrempirically: defindng” actual: situatiens; -therefore,
the supply:responseSrderived*are:considered%normafivem . For exampile, it
is assumed.that'farmers*maximize:profits«in%the,iinear programming: model.
However, farmers-may- really maximizerutilitysor: sales: or- perhapssminimize
risk. 1If these factors:are-ignored. the. results: will. be: of limited-value
in predictingvthe;futureg- Researcheré~can;oniy say--that: certain
production=patternwai11~occur~if*definéd:norms,:iaea, profit maximiza-—
tion, are followed' or- achieved: over' the: time-period-under consdderation.

Johnson-indicated-that‘the:term~normative»is-used.by some-to -explain
supply  estimates- that- are inaccurate;:-while:-accurate:- estimates -are labeled
" predictive.or positive:- ;2j= ie-suggestslthat=appropriate:handliné of

subjective- factors will: lead::to moreraccurate- (predictiwve)- supply»response

10/

7

10/ Heady-and Candler, Linear: Programming’ Methods, .op. cit., p. 265.
Also refer--to Dean, "Supply Functions for Cotton inImperial Valley,
California', -ops cit., p.: 2, -and: Ronald Dv Krenz;  et.: al.,
"Normative Supply Functions by LinearProgramming:-Procedures',
Agricultural:Economics: Regearchy  ops «eite, p» 14o - -

11/ Heady and Candlery op. cit., P+ 265.

12/ Glenn L. Johnson, 'Budgeting and:-Engineering: Analysis:-of  Normative

: ' Supply:-Functions!,-Agricultural:Supply:Functionsy Towa  State.
University Press, 1961, p.- 170.
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© than would similar attempts. that: disregard such-consideratiens: 13/
That is, programming -or statiStical‘analysiS'empiricallyrdesigned to
measure the béliefs, norms, and values' of farmers will improve the
capability of the model to predict even' though the.-explanatory:variables
are by nature normative.

Day suggests ten- categories‘ that must- be considered. if: analysis
is to be meaningfud. for predictions: technological.change,. uneertainty,
. demand-suppiy: interactions, adjustmentsnovgrztimeﬁnpolicy,'yieldiacreage
changes, supply: of inputs, épecialization:andﬁcompetition; investment,
apd-output-interdependence.~ iﬁf"Econometricians.andalinear.programmers
have made 'effortS'to'incorporatethese:important factors: in: models
so .that' results- can: be- used to‘predict:future events: However, it
appears:that.much.work;fepains;to:be.donefto;further perfect- linear

programming. supply .response models.

Representative Farm.Models

Most.supply;response studies using:.variable: price: programming to

derive  a supply response use’ a:"typical': or  'representative!: farm as

the basic unit.. 157. Typical:charactéristicszare defined:for the

13/ Ibid., p. 170.

14/ Richard H, Day, "Recursive Programming. and-Supply:Prediction',
: Agricultural:Supply:Functionsy Ames:  : Towa State:University: Press,
1961, p.: 108.

15/ See-Knudtson'and Cochrane;: A" Supply:Function. for..Flax. at:.the: Firm
Level'", op. cit., Krenz,-et. al., "Normative: Supply- Functions by
Linear Programming- Procedures', op. cit.; Deany et.: al.,. "Supply
Functions for. Cotton -in' Imperial Valley..Californial',: opi.cit.
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representative farm,: i.e.,” alternative enterprises., pertinent restriction
levels, and. appropriate’ input+~output coefficients. . Arsupply response for
a given'commbdity'is:derived-for'tﬁe'typical.farm; ~The  resulting response
is- expanded by the: number: of farms:in a:defined:region: resulting:in a
regional- supply: response.

There' are' problems; however;  in:using:¥epresentative farm: linear
programming: models: to: derive: supply: responses.:.: Thesesproblems are
'aggregation;exrdr,'speéifiéation;errorb and ‘sampling errgrw. 16/

Aggregation. error is the. difference: between: the: summation: of the
'representativeiférm suﬁply'responses;and:theaa?ea:supply responses.: ;Z/
Aggregation: error’ is- due:.in: part:-to.methods' that.do-not .reflect:accurately

the way farm managers: respond:.to-economic .stimulis .18/. Typdical: farm
managers may not respond to-.price- change . because.of unique .problems ‘that
were unidentifiéd'by‘researcherS'iﬁ'choosing.themaas:tepresentative.
‘Futhermore, -the actual selection'.of typical faxms: from:stratified:regions
leads to aggregation error. Stratifying many farmS'intd'a'homogEneous;group
may lead- to- overestimating: supply because’.too-many: variables: are:.overlooked

in the  stratification.: 19/

16/ See p.

17/ George E. Frick and Richard A.:Andrews, ."Aggregation: Bias«and: Four
Methods: of: Summing: Farm: Suppily: Functions!',s Journal~of: Farm-Economics,
Vol 47, August-1965,  p.: 696.

18/ Randolph: Barker: and: Bernard: F.: Stanton;  "Estimation: and-Aggregation
of Firm Supply.Functions!;: Journal:of: Faym:Economics,: Vols 47, No. 3,
August. 1965, p.: 706, ‘ )

19/ Ibid., p.. 706.
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Stovall argues that other errors are committed before aggregation
errors -occur. 20/ Specification and sampiing errors may lead to
aggrggation bias. Specification error is due to the failure of the model
to reflect accurately the conditions'actually facing the farm firm. 21/
Sampling error occurs when the population p;rameters are estimated through
statistical sampling tecﬁniques.-ggj Sampling errors may have a direct
" influence on aggregation errors. If sampling errors were zero, specifica-
tion and aggregation errors could exist, That is; there will always be
difficulty in inc;uding in the model all the important variables that
influence supply.

The model developed in this study to estimate a long run supply
response for Montapa sugar béet production has been designed to minimize
aggregation grror; The model does not use representative or t&pical
farms as the fesponding unit. Rather, a set of regional models have
been developed reflecting the areas in the state supporting sugar beet .

production.

Montana Sugar Beet Supply Response Model

The model used in this study for the purpose of estimating a

long run supply response for sugar beets is not based on typical or

20/ John G. Stovall, "Sources of Error in Aggregate Supply Estimates",
Journal of Farm Economics, Vol. 48, No. 2, May 1966, p. 477.

21/ Ibid., p. 478.

22/ Ibid.
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repfesentative'farms.-'An'atteﬁpt-to‘assess‘the potential, not' actual,
sugar beet p;oduétion‘in 1980 has' led- to- the: development- of .a. model that
requires farming regions as the .basic-unit.'. This model:.appears to
simplify the. estimation  technique: because: aggregate: resource: levels
are obtainedueasily'and'farm'numbersnahd.sizeShdoanot'have:t0fbe=projected.

Five: regional farms- have been- defined.: A regional farm:consists of
many: smaller .farms.: - However,- the:r regional- farm:is:=not: dependent-upon a
'predetexmined;representative'farm-withinﬁfhenregion.

A—suppiynresponse'for-thearegion;wiil be: determined-.dependent' upon
(l)-thezresources-in"the'regiéng:(Q) the' farming: practices: within the
gegion3nand (BQuthe-priceS'feéeived'and“pricesnpaid:byf£armer3fwithin
the' region.,' The: regional suppily responsesrwiliabe:aggregated resulting

in- a long run: supply: estimate: for sugax' beets:.in-Montana.

Area Under: Study:
Sugar-beet=pfoduction'in-Montana-isrlimitedftO"irrigatedrnegions
having: 95: or'more: days: of- growing:.season.’ The:irrigated: portions of the
state-that'traditionally‘haversufported;sugarrbeetnproduction-can be
divided-into:fiyeaareas:Whichncorrespondnto;threeasugarafactory'districts.
The'Great'WEStern'Sugar'CompanyfcontractshférnsugaxabeeIS'in the
ﬁid—YeiiowstoneaValley;‘Miik'Riyer:Vaiiey;~thezBitteroot Valley, aﬁd the
Crow Creek: Irrigation  Project: The“latger:two:areasﬁare:considered
separately .as: regional: farms. The mid~Yellowstone: Valley: and: the Milk
‘River'Valiey'constitute‘anotherrregionaisférnu: Eachrof:tﬁese:a&eas are

Widely'separated’and'have'unique‘cha;acteristics;"The:Holly'Suﬁar
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Company has' two: factory- districts  in:Montana. They- arer the: extreme

,lower'Yellowstone~Va11ey*and'fhe'Big:Horn:River Basin. represented as

- the' Sidney and- Hardin' farms,: respectively: (Figure 2).

. " There: are: other: irrigated areas in the state: that:could:support

- a sugar: beet: crop. However,:it is beyond" the: scope:of: this: project

to: include: these: areas: in- the: supply vesponse:modeils. :Determination of
potential- 1980: Montana: sugar: supplies. will be. restricted:to:those: areas

that'producedfsugaf:beets:du:ing'thef1966:campaign.

- Sampling Frame:

The: population: considered: in: this: study. is.-the: farmers: that

* supply: sugar: beets: to: refining’ factories located in. Montana. ' This

universe'inciudes:sugar*beet'growers‘in‘Mbntana;rWyoming,;and,North.
Dakota,

- The major: purpose in' sampling the-population: was. to determine the
cost’ of growing: sugar. beets .and:.other: irrigated: crops. .The information

gathered and tabulated- was used- as- the primary: coefficdients:in the

-objective function.and restraint  equations’ of- the: lineax: programming

model.
Thezsample:frame'was:1imiteditoffarmerS'thatrgrowzsugaribeéts in

Montana. However, .the' farmers:in: northwest North:Dakota-~were included

in- ther surveys- .Wyoming . sugar beet:growers- as well: as farmers living

in the- Bitteroot .Valley: of-Rawvalli:rCounty4:.Montana, wexe not .included




Figure 2.

e

%

MONTANA

Montana Sugar Factory Districts, 1966.

a/ Arrows indicate sugar beet flow patterns.
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because they were recently interviewed in a cost study carried out by
the University of Wyoming and the  Economic: Research: Service. 23/
During the summer of 1967, sugar beet growers in four irrigated

areas in Montana and North Dakota were: surveyed. The sample frame

was established from lists of sugar beet growers furnished by Holly and
the Great Western Sugar Company. Each' grower was represented in the
population by their sugar beet contract number. This number was the key
to the selection of the  sample.

A table of random numbers  was used to select the sample. Ten
percent of the total number of growers were selected in each: factory
district at random and with replacement. Many growers had more than
one contract number. ' If any one grower was' selected more than' once,
his number was replaced and another  number  drawn. Twenty alternate
growers were selected in each factory district to- replace: those: growers
that would not or could not cooperate., All 4~H sugar beet contracts
were eliminated from the: sample becauser of the  small acreage involved.

A pilot study was conducted with selected sugar beet growers to
pre-test the questionnaire. Later, a letter was sent to each sugar
beet grower drawn in the: sample- introducing' the’project-and-inviting

participation in the study. The letters were sent two to ten days

23/ Dale M. Stevens, Cost of Producing Sugar Beets and: Irrigated Crops in
" Wyoming, op. cit., and J. Wayne McArthur, "Economic Impact of
Some Alternative Uses for Resources Historically Devoted to Sugar
Beet Production and Refining, Ravalli County, Montana, 1965",
Review draft, NRED, ERS, USDA, pp. 10-66.
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ahead of the enumerators, after which one. of four. enumerators. contacted
the grower for. an:. appointment.. ' The. number. of. sugar beet. growers in the
three regional. farms. sampled was: 1,124. . There. were. 122. or. 10,9 percent

of these growers: interviewed: (Table. IV).

TABLE IV. - SAMPLING: SUCCESS. IN. THREE! REGIONAL. FARMS, 1966.

No. of Growers No.. of: Growers Sampling
Regional Farm . in- Population - Interviewed - Percent
Hardin Regional Farm 203 - .30 14,8
Sidney Regional Farm 392 - 57 14.5
Billings- Regional Farm 529 35 6.6

Totals . 1,124 122 10.9

The questionnaire used  in the survey was .designed: speeifically to
determine the.amount of inputs. required: to: produce dirrigated.crops on
regional farms.. 24/ Each farm participating in the. study was: completely
inventoried with: respect to cropping programs, livesteock;-machinery,
improvements, andlland.use..:Aﬁ:aggregatehincomenand:costLschedule was
made.- Rental -agreements, rotations, and family® labor- use ‘was ascertained.
Important information- concerning the use of water was gathered: along with

specific data pertinent to the use’ of seasonal labor:

gﬁ/ See Appendix II for the questionnaire used in interviewing the
sugar beet- producers.




- 53 —
Each irrigated crop was examined carefully to determine the number
and type of labor, machine, tractor, and truck hours and/or miles nécessary
for pre-harvest and haévest work. The use and cost of fertilizers,
herbicides, and insecticides were determined for each crop. Seeding rates

and costs were calculated. The nature of livestock enterprise organization

was also determined.

Assumptions:
The following assumptions were made in order to clarify the model.
The standard assumptions of linear programming are assumed to be.valid. - 25/
Of course, the assumptions for each regional farm model vary. Therefore,
an explanation of the primary assumptions will accompany the regional
farm descriptions in Chapters IV - VI1II. The following general- assumptions
are-made.for all the defined regional farms.
(1) Sugar beet growers are.assumed to maximize profits.
(2) TUnited Séates Department of Agriculture sugar beet
acreage allotments and controls will not affect the
number of acres harvested in 1980.
(3) All farmers in.the irrigated regions of Montana.are
qssumed to have.equal opportunity ang'desire to grow
sugar beets. -

(4) Unlimited Montana processing capacity is assumed for 1980.. 26/

25/ See p. 38.

26/ This is a temporary assumption.. Chapter IX has been designed to
assess the sugar refining capacity in Montana.
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(5) Water is a critical resource for the production of sugar
beets in Moﬁtana. Farm.district‘glimates are such that
sugar .beets must have wéter:to produce profitable yields.
The physical 'quantity of water that-is currently available
in established irrigation districts appears to be more than
is needed even in low water years. The-quality and quantity
of -irrigation water is assumed to be,in unlimited supply
both physically and institutionally in 1980. However,
the price of water is reflected in.the net‘ievenues
coefficients of the objective function.

(6) Capital is assumed. to be in unlimited supply. "

Under these assumptions the various parts of the linear pfogrammingimodel
are.developed below including (1) activities, (2) restrictions, and

(3) input-output coefficients.

Activities

A number of creppihg practices and livestock operations.represent
enterprise alternatives for farmers on irrigated farms in Montana.
Among.the cropping alternatives facing the farmer are sugar beets, alfalfa
hay, cern silage, wheat, oats, beans, énd barley. Less popular alter-
natives to sugar .beet production includes potatoes, corn for -grain,
malting barley, sudan grass, sorghum, grass hay, sain—foin, and - improved
pasture. Alternative livestock operations include.beef and lamb feeding;
dairy, hog,feeding?,poultry, and beef cows. Steer—gya;;ng on wheat,

stubble and ewe-lamb operations are also economi¢ altermatives.
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In order to minimize specification error in the.model, a'number of
cropping patterns were selected representing those.crop rotation
preferences that farmers have used over the last 20.years in the various
regions. Cropping-patternsnstudiéd_at'the agricultural experiment stations
within aabh regional farm were also-incorporated into the.objective
function of each model.

Crop rotations are important:to Montana sugar-beet;growers because
the proper combination of -nematode, host .and nen-host crops is necessary
for continued ‘high sugar-béet yields. Nematodes are a problem to sugar.
beet growers in some areas .of Montana. 27/ Sugar,beet,grnwers use
crop rotatiens to break ‘the life cycle'of .the nematede. Crop rotations
also serve to maintain the soil.quality by restoring essential growth
elements that have béen depleated. Research carried out at.the Huntley,
Montana; Agriculture Expariment Station has shown that sugar beet seed-
lings are susceptible to parasitic organisms.in the soil when rotational |

patterns are not used to replace essential elements. 28/ - The specific

rotational patterns used by farmers in the regional farms are examined

more closely in Chapters IV - VII.

27/. Morgan A. Goldin and Edsel C Jorgenson, The Sugar Beat Nematode and
Its Control,.U.S$.D.A. Leaflet No. 486, January 1961.

28/ W: E. Larson, et. al., Irrigated Crop Rotations at the Huntley Branch
Station, Montana Agrlcultural Experlment Statlon Bulletin No.:535,
Montana State'College, Bozeman, Montana January 1958. M. N.

Afanasiev, and H. E. Morris, Diseases of Sugar Beets in Crop Rotations,
at the Huntley Branch Station, ‘Huntley, Montana, from 1936 to 1941,
Montana State College, Agrlcultural Experiment Statlon, Bulletln 419,
Montana State: College, Bozeman, -Montana, November 1943, . L.
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The profitability of each cropping pattern included in the regional
farm supply response models was determined by using cost data gathered
from Montana sugar beet growers. The variable cost per acre was determined
for each crop within the rotation. The sum of the costs of production
for each crop in the rotation represented the total variable cost to
grow one unit of the crop sequence. The total cost of growing one unit
of the rotation subtracted from the total revenue of one unit of rotation
resulted in the net revenue or Cj coefficient for one unit of a given
cropping sequence.

The objective function of each regional farm reflected the net
revenue per unit in producing selected crop rotations. In order to
determine a 1980 supply response for sugar beets each activity level
net revenue coefficient was projected to 1980. This was done by
projecting the costs of inputs, crop yields, and prices received in 1980.

Input costs were projected to 1980 from the average percentage
increase or decrease in prices paid by farmers for selected inputs
between 1947 and 1966. For example, a small tractor, PTO auto-tie
baler, three-bottom plow, one section of harrow, one-half ton pickup
truck and a four-tine pitch fork were the implements selected for the
purpose of measuring the average percentage change in the prices paid
for machinery. A simple linear estimation of the 1980 price was made
for each implement. The percentage change in prices paid for a given
input was calculated by comparing 1966 and the projected 1980 prices.

The percentage change in price from 1966 to 1980 between each year for
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each implement were averaged. i:e., from 1966 to 1980, one.might expect
a, 48 percent increase in the.price of machinery. This represents 2.69
percent change in the prices peid per year for machinery. . Other inputs
were examined in a similar manner. ' The 1966 .cost of producing those
crops that wére inclpded in.the selected regional ‘rotations, were.expanded.
by the average.percentage‘change.in the costs‘of:inputs expected -from
1966 to 1980 for all inputs.

Crop yields We;e determined for 1980 .from.guide lines set by the-
Great Plains Agricultural Council.(GPC), the Econemiqs Researeh'Service
(ERS), and the S0il Conservation Sérvice (SCS). 29/ Where this source
was deficient a,linear projectien was.made.using erop yield data for
Montana over a 20-year peried.

Prices received by farmers for Erops produced on irrigated farms
in‘Mbntena were projected to 1980 as follows:

1962+-65 Montana Price
1962-65 U, S. Price

X 1980 U. S. Price = 1980 Montana Price

Where data was not.available to complete the above calculation, a
simple linear projection was made based on.the prices received.by
Montana  farmers over a 20-year period.

In-summary, the objectiye function of.each regional.farm supply-.

response model reflects the alternative crepping activities expected in

g_/. Great .Plains Agriculture Council State Technical 'Committee, .
© "Current Normal Acreage and Current Normal and Projected Yields
and Fertilizer.Use" , . Economic Research Service and Seil Conservation
Service, United States- Department of Agrlculture, Unlver51ty of
Nebraska Cemputing Center, 1966
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1980 in Montana regional farms.  The net revenue.coefficients of the
regional farm objective functions reflect the 1980 cost.of inputs; crop

yields, and prices received. -

‘Restrictions

There are a number of factors that limit the preduction of sugar
beets in Montana. lIndividual-factérs of productien such as %iEQi 1%335’1
capital, water, and machinery are limeted in-supply.toe.the individual

e o ' —n ' =
farm and, therefore, represent restriction levels for sugar beet productien. .
Other limita;ions,that may restrict sugar beet Produgtiqn in.Montana are
U. S.:D. A, sugar beet quotas, factery centracts, distance from refining
facilities, grower knowledge, experience, attitude, and age.:

Each of the regional farms selected for this study-include capital,
water, labor, and land as the restrictions to sugar beet production.
Capital and water are included in the various regional models as costs
of production only. These, costs reflect the prices paid for capital and
water in selected districts within the regional farm.

Other factors:that may influence\sﬁgar beet production such as
governmental quetas are'assumed not .to-be.in affect to 1980. Factory
contracts are assumed to be in unlimited supply.in 1980. Subjective
criterion that affect sugar production such as growef attitﬁdes, age,
and' knowledge are not included in this stﬁdy;because these factgrs are:
difficult to quantify.

Since lagd represents the major limiting factor of sugar.beet

production in.Montana during 1980, a number of land types-and classes
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capable of,suppértipg sugar beets are.included in the model: The Seil
Conservation Service (SCS) provided eight,seil classifications capable"
of supporting sugar beets. These classificatiens are based on -land slope,
texture, permeability, drainage; and organic matter..lgg/ Because- it
Qas difficult to assign specific yields to a given.soil -type,. the Soil
Conservatién Service provided the -help necessary in‘bregking down their
eight-soil classifications intO'thelfour classifications.used by the
Bureag of Reclamation. Crop yield dafa was available for the four.
Bureau of-Reclamatioﬁ classes of soils in.selected areas of Montapa:\\\J

The 1966 inventor& of irfrigated land was determined for each
disprict within: each regional.farm. The,l980-inventory of sugar beet .
producing lands were ascgf?ained by adding te the 1966 in%ehtory new"
irnigatien_projects,to‘be,complefed by ‘the Buyeau,of'Réclamation; Sta?e
Engineersloffices,,and'private i.ndividuals.7 A projected.1980.irrigated
land inventory‘capable-of.supporting—sugar beets was estahlished.for
each district within each regional farm. |

Labor, the other major factor limiting the production of sugar
beets, consists of migrant hand'labor,'lécal part time labor, and family
labor. There still exists considerable migrant hand labor used to produce
Montana sugar beets. For the most part, farmers contracting with Great

Western Sugar Company thin their sugar beets mechanically. However,

30/ A. A. Klingebiel and P. H. Montgomery, Land—Capability.Classification,
U.S,D.A., Soil Conservation Service, Agriculture Handbook No. 210,
Washington, D. C., September 1961.
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Holly Sugar Company growers primarily use hand labor for hoeing weeds y
and thinning beets. The supply of domestic migrant labor is provided
through the sugar factory representatives. Growers have very little,
if any, trouble securing labor at the right time to care for the thinning
process. Labor indigenous to the regional farms is used mostly in
‘'non-beet crops such as hay, grains,,aﬁd corn silage. The survey showed
that Montana sugar beet growers and tﬁeir families care for the sugar
beet crop. According to reports from the growers, preharves£ work,
including irrigation, is carried out.by famiiy labor.. There are, of
course, excéptiohs such as some harvest operations that require one or
two additional.men,

The amount of family labor available on irrigated~farms Within the
regional. farms has been projected to 1980. The number of irrigated
farms within each regional fafm was determined for 1980 through simple
linear regression. The number éf:ifrigated férms in 1980 mul;iplied
by the number of family laborers per farm, the.hours per day,’ and the
crop working days per year (Table V),_resulted in,the number of hours
of family labor available for 1980.

Number  Number of . Ten-Hour 177 Working  The number of hours of

of Family . X Working X Days - _ family labor available
Farms Laborers Day " in a given year.
(1980) Per Farm : :
(Average)

Grower interviews showed that 1,375 units of family labor per farm was

available for 177 days.
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TABLE V. EXPECTED WORKING DAYS BY MONTH IN IRRIGATED CROP PRODUCTION,
MONTANA SUGAR BEET PRODUCING AREAS, 1980.

Estimated
Working Days Number of

in Working Days

Month Month a/ Expected b/
April 15 13
May 31 20
June 30 24
July 31 27
August 31 27
September 30 26
October 3 27
November LD kel
Totals 225 L7

a/ April and November are sugject to adverse winter weather.

b/ Not including Sundays.

An attempt was also made to estimate farm labor other than family
labor in regional farms for 1980. However, because most of the hired
seasonal non-migrant indigeous labor was high school age workers, no
restriction level was established. It is, therefore, assumed that
sufficient lacal labor would be available. The investigations determined
that labor exogenous to a given region was primarily migrant hand labor.
Few sugar beet growers indicated that endogenous labor hoed and thinned

beets.

Montana Supply Response Procedure:
Each defined regional farm was programmed separately to estimate

the long run supply response for sugar beets. Each model was designed
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to estimate the supply response for sugar beets by irnigation‘district,
within the regional farm. The optimum solutions %ncluded the most
profitable rotation plans based on the land and family labor available.

A given regional farm model- .was programmed beginning with a sugar
beet price of $14.00 per ton. The objective func;ion activities,
including sugar beets in the rotation pattern,  were revised and new
optimum solutions generatea. | |

A sub-routine Was.developeq to:calculate the .changing net revenue
coefficienns for those activity'lévels with sugar beets in the cropping
sequence. Sugar beet prices were varied at ‘50 cent,intervals, $1430Q
to $21.50 per‘ton, while 511 other prices were held constant. An
optimum solution was determined for each objective function revision.

Computer output was in a form such that optimum solutions were
represented by the number of units of a given rotation, i.e., 150
units of.rotation in District i‘on Land 2. This value_was in;erpreted
the following way. If the number of units: of land in one unit of
Rotation 1 was six, then 150 X 6(900) would equal the number of .acres
of land in that rotation in.the optimum solution; If 1/3 of the land
in the rotation were sugar begts; then 1/3 of 900, or 300, acres
represented the number of.acrés.of sugar beets g?own in Rotation 1,in
a given district on a Land 2 at an assigned pricé.

The interpretation nf each optimum solution for each irrigatiomn
district over a range of sugar beet prices was nade, The resulting’
coefficientS'wnre plotted to form a long run diégontinuqus supply response

T~




- = 63 -
for a sugar—-beet district., The district responses were summed hori-
zontally to form a regional-farm long-run discontinuous supply response
for sugar beets, The summation of the five regional farm responses
resulted in a long run normative supply response for sugar beeté.in
Montana.

Thé regional long run supply responses for sugar. beets were compared
with similar responses derived using representativé farms. Three typical
farms, based on size, were chosen to represent each region. A supply
responselwaé made for each size farm selected. Thé response, for each
typical farm was expanded by the.number of farms of that size expected
in 1980, The three typical farm expansions were then summed to form

another regional long run supply response for sugar beets.




CHAPTER IV
SUGAR BEET PRODUCTION RESPONSE-~EAST..CENTRAL.REGION

Five regional- farms' in~-irrigated: valleys:of:r Montana. have: beensdefined
for the: purposes'.of: estimating a long . run.supply: response: for sugar- beets.
This' chapter has' been: designed: to: describe: the: easternmost sugar beet
production area in' Montana.- The:supplywresponseréesuits%for“the-£egion

are presented- including a' comparison: of- the-regional:-and: representative

farm sugar beet: supply'.estimates.

Arear Under: Study

<

The  irrigated  areas of  Richlandjy: Dawson; and: Prairie: Counties'.of the
"east central part of Montana and'ausmall'portionnoanilliamS'County;:North
Dakota represent Regional Farm I (Figure 3).

Régional.Farm:I:is.further:divided.into thrGE”diStfiCtS?baSQd on -
irriéation-projects;'-District'l is' represented. by the Bureau: of: Reclama-
tion's-LowerrYellowstonefirrigatiop:Project. The: district- extends: from
Intake, Montana,'in'Richland=County'northwardxon'the~wes;fside“of the
Yellowstone River' to' the: abandoned town'ofiNohly;AMontana;fonrthe'Missouri
River.

The' Buffalo: Rapids IrEigation'Project;‘managed:by=the=BureaU‘of
Reclamation is'District 2. The lands bordering: the:Yellowstone River in
Prairie- County from Terry to'an area notrth: of: Fallon: are: the~district
boundaries. ' The' third district of:Regiongl Farm I,:.is:Williams: County,
North' Dakotas- The:Buford—TrentonﬂIrrigationnProject;:1ocated:on'thefﬁorth

side of the Missouri- River downstream from-the: Missouri=Yellowstone River
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Figure 3. Regional Farm I--East Central Montana--By District.
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confluence (Figure 3). These three districts of Regional Farm I consti-
tute the Holly Sugar Company factory area. with-headquarters. at.Sidney,

Montana.

Water
Sugar beets and other irrigated crops are grown.within the bounds
of Regional- Farm I only where there are-established~irrigation'projec;s.
The growers under the Bureau of Reclamation's.projects;. Buffalo: Rapids
and Lower Yellowstone,‘sepurg-their~water'from the 'Yellowstene River.
Sugar beet growers in Williams County, Nortﬁ:Datha,gdepend upon the
Missouri River for- their' irrigation water. There is little -dependence

upon rainfall to sustain irrigated cropping patterns..

Climate

The climate. of Regional Farm I is characterized by low -rainfall,
extreme_température‘ranges, cold winters, relatively low humidity, and a.
humber of long sunny: days: during the"g?qwing,season. ‘The normal ors long
run -average annual rainfali in the region-is.13.16 inches, with 77
percent of 10.18 inches ‘occurring between April and September- (Table VI).
The number of .days' in the'grawing<season;~from the  last:spring :day recoxding
32 degreeé Fahrenheit and the first fall day reaching: 32-degrees: Fahrenheit,
varies from year: to year. The averaée'number-ofbfrost=free:dayS“in the
groWing'seaspnfis‘about'128 days. Savage,  Montana,:locatedin thecenter
of the regional farﬁ has reéorded'ﬁemperaturevaarying-from 110. .degrees

Fahrenheit to 46 degrees.Fahrenheit~be10W'zero;~a range- of 156 degrees.
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The mean annual temperature  at Savage,*Montana,: is 43.3 degrees- Fahrenheit;

and the mean growing: season' temperature:is 72. degrees: Fahrenheit. 1/

TABLE VI. CLIMATE: DATA, REGIONAL: FARM I,: 1966. a/

Annual " Growing’ Average Number
Normal Season . of Days
Precipitation Precipitation  Between Freezing
District (Inches) (Inches) Temperatures - b/
Lower Yellowstone. - 13.41 10.82 125.50
Buffalo Rapids - 12.36 : © 9,56 . 119.45

Buford-Trenton 13.70 . 10.15

132.00

a/ Sources: -Montana Agricultural Statistics, Montana-Department of
Agriculture and United States-—Department:of Agriculture
Helena, Montana, ‘Climatological -Data;,rMontana, Annual

Summary, United States Department: of - Commerce, Environ-
‘mental’ Science ‘Services AdiministrationyWeather Bureau,
. Washington, and Holly Sugar  Company, Wayne :Berry,' Buford-

Trenton District Fieldman.

b/ 32 degrees. Fahrenheit

The' irrigated: lands contained 'in -the- narrow lower Yellowstone Valley

are protected: to- some' extent: from the: prevailing northwest: winds.- Never-

theless,: during the spring some soil erosion occurs on irrigated lands

within the region.

1/ Soils of Richland County, Soil Reconnaissance of Montana, Preliminary.
Report, Montana State College, Agriculture Experiment Station Bulletin}

No. 515{ Bozeman, Montana, 1955, pp. 18-22,
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A preliminary soil reconnaissance Was~carriedzoutqin;RichiandﬂCounty
during 1965. Sixty-seven: soil types, complexes, andrphases:wgre=identi—
fied, Undifferentiated alluvial- soils: accounted for- 10.75 percent. of the
total soil in the county. The undulating phase of: Scobey loam accounted .
for 209 square miles: (10.40. percent).

The Soil: Conservation  Service aﬁd the' Agronomy  Department -at:.Montana
State University are  in the process of classifying  the:r soils'-of- Dawson,
Prairie and- other-Montana counties. It-appears:reasonable- to: assume- that
the soils in the-irrigated' areas- of Dawson-County: from Intake:north to
the Richland County. line are similar-to' those' that- have:-been:identified
in Richiland County because the areas are close: together and: share:similar
geological formations. The soil types-extending: southwest: of:-Glendiver into
Prairie County,  however, may be different.

The soils-located in the prime: agricultural: irrigated:-areas: of the.
Regional .Farm consist of the .Havre, Ha:lem;;Mitcheli;-aﬁd'Bowdoinnseries.
These types are.primgrily'sandy and‘lightwbrownninucoloruwrSubsoils range
from sandy to' silty clay, to- deep:dense’ clayw’ Thesoils: found in the
irrigated areas of District 1 are primarily:élluvialg:'Larimer soils of |
the tablelands and benchlands along with soils' of ‘the- Fariland;, . Savage,
and Orman.series' form ‘the predominant' soil: types: in :the ‘higher-:elevations
of the Lower.Yellowstone Vélley:l These 'soils are welil :drained-and: con-

sist of .gravelly loam, gravelly sandy loam, .silty clay loam and: clay:loam,
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and range in' color from dark -brown: (Farland .series): to. olive. grey/(Orman
series). 2/ The soils of District 3, (North Dakota) are similar to-
those of District '1l. The soils appear to have been deposited by the

Missouri River -and they consist of loam, loam clay, and sandy loam.

Crops and Yields

The irrigated  crops grown within the’ boundaries of Regional: Farm I
include sugar .beets; dfy edible beans, "alfalfa,. wheat,. barley;, oats,
potatoes, corn for grain, sudan, sorghum3-andxcorn‘fprwsiiégeu' Add“Farmers
interviewed dn Regional Farm I grew sugay beets- dn- 1966. -The-percentages
of farmers growing specified’.cropsas:-determinedsthrough -the:sampling
procedure are’ listed-r inTabiler VII,

Crop yields-within Region Farm’ I wary -according-tormanagement
practices, weather -condftions, and- soil - typesw: The: 1966: averageryields -
for selected' crops- as well as the-fivé—year?avéragewyieids~as;reported
by 51 farmers are' recorded in Table  VIII.

The irrigated crops grown in:RegionélﬂFérva'are~genera11y~included
in a cropping-rofétion:plan; Cropping sequences-depend-onwthe;type of
crops grown, nature-of the' soil, and;management’s.awarenesswofmdisease,
insect; and weed -problems. No -one; crop' rotation dominatedwthoéencropping
sequences yeported by 51 growers.. -There:were; -howevery. four:crop rota-
tion patterns reported by 68 percent' of -all:-farmers. within:theiregion

(Table IX).

2/ Ibid., pp. 42-83.
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TABLE VII. THE: NUMBER--OF ‘FARMERS*GROWING--SPECIFIED::IRRIGATED:.CROPS IN
- REGIONAL- FARM T,. 1966.

PRSI

T

Number of - Farmers .~ - Percentage of
Growing* Crops -+ Farmers -Interviewed
(51 Farmers Interviewed) - Growing Specified .Crops
Sugar beets 51 - 100.0
Alfalfa 47 92.1
‘Wheat 29 56.9
Dry Beans 27 - : 52.9
Barley 19 37.2
Corn Silage 19 37.2-
Oats ‘ 17 : 33.3
Corn for Grain . 5 9.8
Potatoes o 3 5.9
Sorghum 1 2.0
Sudan 1 2.0

TABLE VITI. YIELDS-FOR SELECTED' CROPS, 1966 AND FIVE YEAR (1961-66),
WEIGHTED AVERAGE, REGIONAL FARM I.

' : Yield per Acre *Yield per -Acre
Crop ’ 1966 : 1961-66
Sugar beets _ 17.02 tons . 14,95 tomns
Alfalfa : 3.59 tons 3253 tons
Wheat . 45,56 bushels 44,12 -bushels
Dry Beans, ) 19.13 cwt. 20.02 cwt.
Barley ' 63.79 bushels : ' 68,49 ‘bushels
-Corn Silage ’ 18,63 tomns . .+ 18.26 tomns
Oats 69.57 bushels . 76.18 ‘bushels
Corn for Grain " 74,18 bushels -~ - 80.00 :bushels

Potatoes ’ 232.61: cwt. 260.87 cwt.
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TABLE IX.  REPORTED CROPPING PATTERNS: USED- ‘BY-GROWERS -~ REGIONAL FARM I,

1966,
. * Number of

Crop Sequence - Growers' Using

. . Crop Sequence
Grain, 3 alfalfa, ' grain; beets, grain, beets 11
Grain, 3.alfalfa, 2 beets, 9
Grain, 3 alfalfa, beets, beans 9
Beets, corn , beans, (Occasional alfalfa) 6
Grain, 3 alfalfa, beets, " corn 4
Grain, 3 alfalfa, 2 beets, corn 3
Beets, fallow , beets, wheat 2
Grain, 3 alfalfa, 3 beets, corn 2
Grain, 3 alfalfa, oats , wheat, beets. 1
Grain, 3 alfalfa, oats-, wheat, beans 1
Grain, beets, ‘ ' 1
Grain, 3 alfalfa, potatoes, beets 1
Corn , . Dbeets, fallow 1

A number of farmers interviewed not.only grew cash- crops, but:crops
to be marketed in the form of livestock. - Alfalfa, corn silage, sorghum,

and some' grain were used as livestock feed.

Livestock

Farmers in the Region T Farm raise livestock for:wlocal and--eastern

markets.. - Sidney, Montana, is the livestock -marketing-center :of-Northeast-
and East—-Central-Montana.- Fa?mers~reported'eight-differentV1ivestock
operationé'on_farmeWithin the' bounds® of “Regional: Farm I. - The -feeding of
livesto;k-(beef,-swine, andLambs) was' ‘reported:by -the majority::of  farmers
(Table X). Many farmers- indicated more- than 'one’ type: of livestock

organization.
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TABLE X. ' LIVESTOCK -ENTERPRISES: REPORTED::BY: GROWERS. =: REGIONAL: FARM" T, 1966. -

Number' of Farmers -« - Percentage of

Livestock Organization * Reporting : :Farmers Reporting
Beef - feeding o 24 ’ 47,1
Lamb. -feeding : 14 . o 2704
Swine'-feeding 4 ' : 7.8
Winter' cows:-on:i-stubble ) 4 : 7.8
Beef: cows' for'‘calves .16 ‘ : 31.3

less than 10 head 6 11.8

more than 10, less than 20 2 4.5

more  than 20, less than 30 4 7.8

more than 31 - -4 . 7.8
Dairy cows for milk - 12. i 23.5

less than 10 cows 1L © 21;6

more than 10 cews 1 : N
Ewes and rams 5 9.8
9.8

Poultry 5

The management' of livestock operations as well as::cropping enter-
prises requires a considerable amount: of:labor.'' Family, local and: migrant

labor are available to' carry out the  farm operations.

Labor
The  labor required to carry-out'farming“practiceswin:Regional'Férm I
is dependent upon the season'of .the: yearx.: The-familyrfarm'unitris‘the-
gasic source of- labor. Family labor' is-supplemented- by workers: indigeneous
to the Sidney and Glendive areas,' Highschool .age boys make: up-a-large
portion of the' summer labor -force.
Some’crops-require~specially“trained‘Workers:in~order~t0“insure-high

yields. Sugar- beets and: occasioenally dry:beans' require -skilled-people
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to- thin the- crop  and hoe'-weeds.' ' Laboretrs used in: these-operations are

migrant domestics from Texas.

Sugar Beet: Supply -Model: - Regional  Farm.I -

The linear programming sugar beet’ supply  response:model- for Regional
Farm I consists of'alternative“cropping'sequencesriactivities7,-resources
that limit.sugar beet production’' (restrietions), -and-appropriate input-
output coefficients. Ali of ‘the constituents‘of-theﬁquelware“projgcted‘
to 1980.

Twenty cropping'pattern“alternatives-are-fhehactivdties of the
Regional Farm I model -(Table XI).' These: crop' rotations -are the alterna-
tives reported by: farmers: of Region I and- by the Montana Agficultural -
Experiment Station; 3/ The’crgpping“alternativeSHrePOﬁted-fo? 1966
are assumedgtg be-tbescropping'Séquence altérnativeSninul986,

The net' revenue- coefficient'inéicating’thewprofitébienesswof-the
croppiﬁg'sequencgswreflectS'1980“costs and -returnss. 'ﬁj- Each net
revenue coeffiéiept“includes the cost-of_%ater-for awgiven~éistric£ as
well as the‘éppropriate'crop'yields for a given land type:within the
district. The model haS'béen'specifieauin'suchha'way that' edach' crop

rotation can be produced within‘ each’ district of  theregion-on-all land

3/ W. E. Larsonj et, al;,-Irrigated=Crop<RotationSy-MbﬁtanavAgricultural
Experimentation Bulletin No: 535, January;  1958.

4/ See Chapter’ ITII, page 56.
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Crop ‘rotations including sugazr- beets are not

grown, for the most part,  onLand Type: 4 in any: district, since:it.is

not capable of economitally supporting sugar beets. 5/

TABLE XI. CROP ROTATION ALTEBNATIVESI— REGIONAL FARM I, 1980.

Rotation Number
Number Cropping Sequence of years’,
1 Barley, 3 alfalfa, oats , ‘wheat » beets 7
2 Oats , 3 alfalfa, ' beets , beans 6
3 Barley, 3 alfalfa, beets , beets 6
4 Oats , 3 alfalfa, corn sil , beets 6
5 Barley, .3 alfalfa, oats , beets , wheat , beets 8
6 - Beets , wheat , beans 3
7 Barley, 3 alfalfa, wheat , beets , beans 7
.8 Beets , corn grain, beans 3
9 Barley, -3 alfalfa, beets , beets , corn sil 7
10 Qats , 3 alfalfa, potatoes , beets 6
11 Oats , 3 alfalfa, potatoes 5
12 Barley, 3 alfalfa, beans 5
13 Qats , corn sil., beans 3
14  Potatoes, corn grain, barley 3
15 Barley, 3 alfalfa, potatoes  , corn sil, corn sil. 7
16 Oats 4 3 alfalfa, bears ; beans o 6
17 Barley, 3.alfalfa, beais , wheat , beans 7
18 Potatoes, beans , corn sil- 3
19 Barley, 3 alfalfa, oats -, wWheat , beans 7
20 Oats ., 3 alfalfa, corn grain, beans , corn sil 7

1980, it is expected that 3,000 additional irrigated acres- of

available -for ctop producétion  through dirrigation..deveilopments

Regional Farm I contained 81,269 acres of irrigated land in 1966. By

land will be

cdmpleted by

5/

Land 4 in some districts is capable of supporting: sugar beets.

The

Soil Conservation ‘Service has identified the:-areas where Land 4.can
support sugar beets and these areas have not 'been—restricted- in the
model.
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the Bureau of Reclamation. 6/ Also, state irrigation prqjecté are expected
to ad§-18,l62 acres of irrigated land to the Regional Farm I inventory. 7/
Therefore, by 1980 approximately 102,431 acres of irrigated land will be
available for crop production (Table XII). Sugar beet production could

be carried out on 98,127 acres of this land.

"Regional Supply Response

Three sugar beet supply estimates were made: (1) regional farm
response, (2) regional farm response including a land use restriction,
and (3) typical farm responsé. The supply estimates for sugar beets
were made by varying the price of beets from $14.00 per ton to $21.50 per
ton, holding the prices of other competing crops constant.

t—Model I: Under the conditions of the model it was determined that there
gl
would be no sugar beet production in Regional Farm I in 1980. Those
rotations that contained potatoes completely dominated 1980 crop produc-
tion. Rotation 14 and 18 which éontaiﬁed potatoes dominated all optimum

solutions. Although the solution suggests that a large number of irrigated

acres in Regional Farm I should be planted to potafoes, few potatoes have

6/ Personal correspondence. from B. E. Garlinghouse, Chief, Irrigation
Division, Bureau of Reclamation, Region 6, United States Department
of Interior, Great Falls, Montana, June 26, 1968.

7/ State Water Conservation Board, Preliminary Report, Water Needs of
Montana, February 1962,
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TABLE XII. INVENTORY OF LAND IN' REGIONAL.FARM-T,:BY DESTRICT,: LAND: CLASS,
AND NEW PROJECTS, 1980.

Land Classes

District - Class 1° Class 2 Class 3 Class'4 Totals
District 1 i .
1966 inventory © 20,962 - 16,469 854 - 419 38,704
State projects, 1980 a/ =~ ~ 5,238 - 4,171 . 194 97 9,700
Bur. of Reclam. 1980 a/ © 810 : 645 . 30 - .15 - 71,500
Subtotal . 27,010 21,285 1,078 531 . -+ 49,904
District 2
1966 inventory ’ 14,531 10,690 -  4,213. 2,558 31,992
State projects, 1980 a/ - -3,554 = 2,625 1,038 645 7,862
Bur. of -Reclam. 1980 a/ - 678 ’ 501 - . 198 123 1,500
Subtotal - 18,763 13,816 .- 5,449 3,326 41,354
District 3 . , N
1966 inventory ' 2,305 5,028 2,793 447 10,573
State 'projects, 1980 a/. 600 0 0 0 600
Bur. of Reclam. 1980 a/ : 0" 0 0 -0 ‘ 0
Subtotal - : 2,905 - 5,028 2,793 - 447 11,173

Grand total 48,678 40,129 9,320 - 4,304 1023431

al/ State]ané Bureau of Reclamation Projects that will be  completed by 1980.

been grown within the region (Table XTII). ' Limited potato production within
the regional farm occurs- because of ‘drastically flﬁctuating potato  prices.
The average Montana 'potato price- from 1956 to lé66-was'$2w96 per hundred-
weight. However, the range of -the prices receiwved--for: potatoes over the
same period :of time was $1.86 per hundredweight to $6.23 per hundredweight.
Potatoes: appear to be-a-high‘risk-crop-compared to. alternatives within the

region .becauser of wide  price fluctuations.
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TABLE XIII. ©POTATO PRODUCTION - REGIONAL FARM I, 1957-1967. a/

Regional Farm I

Potatoes Percent of
Harvested~ Total Montana Total Montana

Year Regional Farm I Potatoes Production Sugar Production

(acres) (acres)

1957 240 7,880 3.05

1958 240 8,180 2.93

1959 . 250 8,140 3.07

1960 178 7,460 2.39

1961 243 7,381 3.29

1962 210 7,150 2.94

1963 189 7,254 2.61

1964 139 7,049 1.97

1965 276 7,175 3.85

1966 325 7,384 4.40

1967 308 8,000 3.85

Average (1957-67) 236 7,550 3.12

a/ Source: United States Department of Agriculture, Montana Department
of Agriculture, -Statistical Reporting Service, ‘Montana
Agricultural Statistics, Volumes VII - XI, Potatoes.

Model II: Individual grower preferences-do not -dictate that two or three
cropping sequences will actually ‘be practiced as the results of the pre-
vious model suggest. .Therefore, an-additional supply response w;s=made by
placing a land use restriction on' each crop-rotation-.in- the -objective func-
tion.. The land use restriction meant:thatwnovone'rotation.would be ‘allowed
to use more than one-fifth of the land available in-a given-district. It-
is thought that if more than' one-fifth of the -land were to be -planted to

sugar beets, yields would diminish over time because of insect,. disease,

and soil depletion problems.
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The sugar beet supply estimate made with the land use restrictions

are shown in Table XIV and Figure 4.

TABLE XIV, SUGAR BEET SUPPLY RESPONSE BY DISTRICT IN 1980 FOR REGIONAL
FARM I, INCLUDING LAND USE LIMITS.

Price per Ton District 1 District 2 District 3 Total
(Dollars) ' (Acres) (Acres) (Acres) (Acres)
14.00 1,297 1,724 466 3,487
14.50 1,297 1,724 466 3,487
15.00 1,297 1,724 466 3,487
15.50 1,298 1,724 466 3,488
16.00 1,298 1,724 466 3,488
16.50 1,298 1,724 466 3,488
17.00 1,299 1,724 466 3,488
17.50 1,299 3,287 466 5,052
18.00 1,342 3,564 503 5,409
18.50 1,342 3,564 503 5,409
19.00 1,343 3,564 503 5,410
19.50 2,125 3,564 503 6,192
20.00 : 2,125 3,564 503 6,192
20.50 2,125 3,564 503 6,192
21.00 - 4,486 4,156 755 9,397
21.50 4,696 . 5,309 1,416 11,421

In this bounded model, Rotations 10, 14 and 18, which included po;atoes,
entered the solution at $14 per ton for beets and remained.through the final
solution. Potatoes are the most important competitor for sugar beet resources
in Region I, Rotations 6, 8, 11 and 15 also were included at various stages
in the supply estimate for sugar beets. Rotations 6 and 8 included beets
and eventually replaced Rota£ions 11 and 15. At the 1980 projected price

per ton of sugar beets, the optimal rotations are 6, 10, 11, 14 and 18 which
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include 5,052 acres of sugar beets. However, at beet prices near $20,QO
per ton, sugar beet cropping sequences will replace those containing
potatoes. |
Model III: A long.run sup?ly éstimate for sugar beets was made by using
typical farms as the responding unit. Three typical farms were determinea.
to be representative of'the farms within Regional Farm I. The farms chosen
typify three farm size ciassifications, 146, 244, and 326 irrigated acre,
farms. ’ | .

Each representative farm consisted of four land types. The number
of.acres af each land type on each farm was determined by méasu%ipg the
percent of each land type availéble in ghe_dis£ricts of the Regional Farm.
model; i.e., Land 1 represented 54 percent of -all land available fpr g;op
production in District 1 (féble XV) ..

The.number of hours of-family labor per typical farm was.determined-
by a general formula. 8/ The formula conéists of 177 working days,

10 hour days, and the.number of family laborers per farm. Tabie XVIL
reports the number of family hours available pef typical fafm in Region I.

for 1980.
Each,rgpreséntative farm within each district of Region I was

‘assumed to have 'equal opportunity to select any combination of the,

rotation patterns defined for the régipn in order to maximize profits.

8/ See.page 60 for the labor computation.
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TABLE XV. ' THE NUMBER OF ACRES OF IRRIGATED LANb TYPES ON THREE TYPICAL

FARMS, REGION I, 1980.

Percent
Land Type
Land Types of Total Typical Farm Size bv Land Types
By District Land (146 acres) (244 acres) (326 acres)
District 1 '
Land 1 54.1 76 132 176
Land 2 42,7 62 104 139
Land 3 2.2 3 5 7
Land 4 1.0 2 3 4
District 2- _
Land 1 45,5 66 111 148
Land 2 33.4 49 81 109
Land 3 13.2 19 32 43
Land &4 8.0 12 20 26
District 3
Land 1 26.0 38 63 85
Land 2 45.0 66 110 147
Land 3 25.0 36 61 81
Land 4 4.0 6 10 13

TABLE XVI. HOURS OF FAMILY LABOR AVAILABLE ON TYPICAL FARMS, 1980.

Family Workers

Number of
Hours Available
for Crop Production

Farm Size per Farm 1980
146 1.44 2,544
244 1.54 2,726
326 1.56 2,761
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Using this data, a supply: response for each-.typical farm within each
of the three districts of Regional Farm I was determined. The resulting
sugar beet supply estimates per representative: farm were .expanded by the
number of farms' of each size group expected -to be in production during
1980 (Table- XVII). The expanded -representative farm .sugar beet: supply
estimates were aggregated to form the- regional long ruﬁnsuppiy!response

for sugar beets (Table  XVIII and Figure 5).

TABLE- XVII. THE NUMBER OF‘TYPICAL FARMS: IN 1980, EAST-CENTRAIL- REGION.

Typical Farms

Farm Size 1966 Number of Farms
Expected--by Size Groups.
(Acres) (Percentage) 1980
146 17.6 : 87
244 -56.9 285
326 : 25.2 . ' 128

TOTALS 100.0 : 500

At $17.50 per ton-of sugar beets,. 3,937 -acres of .sugar.beets should be
produced by the farmers .in the East-Central.Region.of Montana. .Also, 244~
acre. farms will produce 2,166 acres of beets; .326-acre:.farms - 1,357 - acres;

and l46-acre farms 414 acres of sugar beets in '1980.

Summary

Supply response'.estimates for:a  regional- farm .and typical:farms were

made in Chapter -IV. At sugar beet prices'abbve-$15a50>per:toﬁ:théwty§ical
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SUGAR BEET SUPPLY RESPONSE BY TYPICAL. FARMS IN 1980 FOR

REGION I.
Farm 1 Farm 2 Farm 3
Price per Ton (146 acres) (244 acres) (326 acres) TOTAL
(Dollars (acres) (acres) (acres) (acres)
14,00 326 1,710 1,062 3,098
14.50 326 1,710 1,062 3,098
15.00 376 1,995 1,229 3,602
15.50 414 2,166 1,357 3,937
16.00 414. 2,166 . 1,357 3,937
16.50 414 2,166 1,357 3,937
17.00 414, 2,166 1,357 3,937 -
17.50 414 2,166 1,357 3,937
18.00 528 2,736 1,702 4,966
18.50 1,258 6,726 4,096 12,080
19.00 1,813 9,776 5,926 17,515
19.50 1,936 10,346 6,221 18,503
20.00 1,936 10,346 6,221 18,503
20.50 2,226 11,970 7,206 21,402
21.00 2,226 11,970 7,206 21,402
21,50 2,226 11,970 7,206 21,402
farm supply response was greater than the regional estimates. The only

exception was at beet prices ranging from $17.50 to $18.50.petr ton. At

the equilibrium price in 1980 the East Central region growers should pro-

duce between 3,937 and 5,052 acres of sugar beets. (Table XIX and-Figure 6).

The results  of each model show that potatoes:. followed by sugar ‘beets are

the chief competition for.agricultural resources'in- this-region.
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TABLE XIX. COMPARISON OF THREE'ALTERNATIVE‘SUGAR'BEET'SUPPLYPRESPbNSES
FOR THE EAST-CENTRAL REGION. OF--MONTANA':1980.

Price per

Ton for . Model 1 Model 2 .. Model 3
Sugar Beets ) Region ' Region a/ Typical Farm

(Dollars) ({acres) (acres) (acres)
14.00 0 3,487 3,098
14.50 0 3,487 3,098
15.00 0 3,487 - 3,602,
15,50 0 3,488 3,937
16.00 0 3,488 3,937
16.50 0 3,488 3,937
17.00 . 0 3,488 3,937
17.50 0 5,052 3,937
18.00 0 5,409 4,966
18.50 0 5,409 : 12,080
19.00 0 5,410 . 17,515
19.50 0 6,192 - 18.503
20.00 0 6,192 18,503
20.50 0] 6,192 . 21,402
21.00 0 9,397 ‘ 21,402
21.50 0

11,421 © 21,402

a/ Includes land use limits.
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CHAPTER V

SUGAR. BEETI: PRODUCTION RESPONSE--SOUTHEASTERN REGION
This chapter will describe: the‘ southeastern sugarrbéet production
area in: Montana: ‘- The 1980:-sugar:-beet: supplyestimates for the region

are presented, including’ regional: and:-typical faxm-comparisons.

Area Under- Study

The- southeastern: sugar beetproducing-région consists:of four
Montana: counties. These:counties. are:(1):Custer, -(2):Rosebud,.(3) Ireasure,
and (4) Big Hornm.. The'general boundary:of+the: sugar-beet:producing area is
formed by two- river- valleys, the Yellowstone River Valley-from: Hysham to
Miles City and .the Big  Horn River' Valley from: St.'Xawier;:sin-the:south, to
Hysham in the-north.

Regional-Farm'II'ié'subdivided:intOHtWO’districts:basedion the
general: sources: of- water. - Sugar: beet growers:ianig:Horn&gnd:Txeasufe"
counties, who depend upon -the:Big. Horn and Little. Big. Horn. Rivers for
irrigation water make ué District 1l.- Those  irrigated areas:near the
Yellowstone River  in' Treasure, Rosebud“and'Cusfer‘counties are included
as District 2 '.0f Regional Farm II-(Figure 6 ).

The' total irrigated area’of'RegionalrFarmfIi.encompassés"the‘Holly
Sugar Company: factory-district at Hardin. A portionsof:Wyoming: is'also
included- in ‘the -factory district. However, the: sugarsbeet:growing areas -

in' Wyoming are not-included in-this analysis.
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Water

Farmers in the region depend upon- state:dirrigation..projects. that
use Big Horn, Little Big Horn, and Yellowstone River. water.. Growers
were associated with. more than.15.private:ditch“dompanies that: supply"
water from the main' sources:.. - The Kinsey;IrrigationuProject'located
near Miles City'on the YellqwstonefRiver:was deveioped;as“a.resettle—

ment. project in -the 1930's by the Federal Government.

Climate
The climate of the irrigated.valleys”of:ReéionatharmLII is
similar .to the‘.climate:.of’ Regional: Farm' I .(East=Central:Montana).: Hot
summer days, cold .winters, semi-arid-conditions: with. .seme wind; many. long -
sunshiny days, and relative lOW?humidityiéharacterizeLRegion:1i;= The
average rainfall-in the: regioniis' 12.19 inches-with.an.average - of 71
percent or'8.60'incHéS'occurring'during”the“growinghseésonu(Table'XX).
The number..of days in the growing .season wvaries within thé’ bounds
of Regional Farm II. - The' number .of days-:in.the' growing:.season .of District
"1 (Big HornhCounty)fvary'from‘lZQ'&ayé’in:theHnonthzto.135udays&in the
south. The number .of days .in .the'.growing-.season::0f District:.2-ranges

from 121 at’ Hysham .to-.155 .days:.at:Miles: City. 1/

1/ Soil Survey;:TheBig:Horn-Valley:Areasof: Montana; Ui Si Di:A, in
cooperation: with: the: Montana  Agricultural: Experiment: Stationys Series
1938, No." 6, January 1945, p. 7 and:.Soil:zSurveysthe:Middle:Yellowstone
Valley:-Area.Montana, U.- 8.-D.:A.: &n-.cooperation *with: therMontana
Agricultural- Experiment: Station;- Series- 1933, Nox:33,7Aug. 1940y pp.: 3-4.
ppP. 3-4. ‘
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TABLE XX. - CLIMATE DATA, REGIONAL' FARM- 1I. a/

-Average-Number

) Annual Normal - Growing -Season of Days- Between
District - Precipitation - -Precipitation Freezing- Femperatures b/
2 (inches) * (inches)
‘(1) Big Horn -+ 11.58 8.22 128

(2) Mid-Yellowstone 12.50 8.80 137

a/ Source: Soil- Suxvey;:The MiddlecYellowstone-Valley: Area, Montana
U. S. D. A., Series 1933, Nov .33, :August .19403Soiil .Survey,
- The. Big: Horn Valley: Areay: Montana, U. 8. -Do Ay’ Series 1938,
Nosi.6, January 1945; Soiil-Survey; TreasurérCountyysMontana,
U. 8. Du A.,:8CS, Series 1957, No. 22, February 1967.

b/ 32 degrees Fahrenheit

:TemperatureSein\the'Regional:Farm?vary:froﬁ:110 degrees Fahrenheit to
48 degrees below zero. The  average: July: temperatures:.is.-near  80:- degrees
Fahrenheit.
Winds-.are: common- throughout' the areasj;  however, very~-little- crop-damage
is caused by the:prevailing winds;"Chinook'b¥'Foehn.windsguthat"arerairly

warm, occur often' during the  winter months.

fhe'soilStin'the'irrigaﬁedtpértionS'of'Districtgl=arefprimarily
alluvial having'been.depositedhby'the'Bié:HornxandhLitfle:Big?HornﬁRivers.
The'bottom'1andéﬁare"madeaup:of'Havre;'Banks;'andaBankseHavxewsoil'series.
These soils range'in;colorhfromlmoderately:dark“brown'to:brownish'gray and

for the most: part  are level. ~Nearly-27:percent:of  the soils~in-District 1
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are of the Havre and- Banks: series.. ' Other:.important seils .series in the
district  are Fort:Collins;- Billings;Glendive,. Cherty: Neville and Cushman.
These soils' are' gently- sloped-.and- are  found- .on:.terraces: -€Color ranges from
red brown (Neville) to dark- grayish: brown:(Cushman). 3/

District- 2 near-the’ Yellowstone: River:.consistssof: Havzrey: Banks,
Harlem, and Bowdoin: soils.  Havre’soils-represent: 23:percentof the
irrigated lands of District  2.- The:Hayre soils' are'made:up - of sandy,: silt,

and- clay 10am-types*andhare'very'important;tOniﬁrigated:crop&prodﬁction; 4/

Crops-.and-.Yields

The- important irrigated:crop31thét'are:grown:inuRegional'Earm 11
are sugar'.beets; alfailfa; cornfsiiage;:oats;:Wheatéibarley;.ahdzirrigated
pasture. 'All*farmerSJinterViewea*in“RégionainEiﬁgnewasﬁgar.Beet51during
1966. -The-percentage:r of- farmersngrowing:.specified irrigatedr crops in
Regional'Farm"Ii'are‘listed-in‘Tablé'XXI.

The” yields: of ~irrigated .crops:in-Regional Farm'IIl:depend upon
management: practices, soil' types water. and weather~copditioni....The average
1966 yields for?irrigated:crops.in*Regional.Farm“II,arearepoftedfinnTable

XXITI along with five year average®yields.

3/ Soil Survey--Bighorn: Valley;' op.:cit.s, pp.- 18-20.

4/ Soil Survey——-Middle Yellowstone Valley;-opw:citv, pps 15-18:: Also
- -+ So#l -Survey - Treasure' -County,  U. - §.D.~Ai,- SCS,+Montana. Agrieultural )
Experimenthtation,-Series-1957,~Nov-22;rFebruarypl96]3'ppa=5—35.
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TABLE XXI. THE:NUMBER-OF FARMERS: GROWING. SPECIFIED:-IRRIGATED: CROPS IN
REGIONAL ‘FARM-TE,: 1966.

- Number of Farmers . Perecentage of
- Growing: Crop Farmers: Interviewed

Irrigated: Crop (28-Farmers' Interviewed) Growing: Speeified Crop
Sugar beets . : 28 100.0
Alfalfa 27 96.4
Irrigated Pasture 24 - - 85.7
Dry Pasture 19 67.8
Wheat : 18 64.2
Oats . 13 46.4
Barley " 12 42,8
Corn Silage 11 39.2
Grass Hay : 5 17.8
Beans 5 17.8
Corn Grain 4 14,2
Sorghum 2 7.1
Mixed Hay 1 3.5

1 3.5

Clover

TABLE XXII. YIELDS FOR SELECTED .CROPS), 1966 AND -FIVE' YEAR:.(1961-1966),
WELIGHTED AVERAGE —-—-REGIONAL: FARM IT.

Yield per Acre - Yield per Acre
Crop , 1966 1961-1966
Sugar beets 17.45 tons 15.03 tons
Alfalfa 3.37 tons 2.60 -tons
Wheat 39.8 - bushels 37.9 bushels
Oats o 81.3 bushels’ 77.8 hbushels
Barley 51.5 Dbushels o 49,7 bushels
Corn silage . 18.0 tomns _ 16.7 tons
Grass hay : 2:0- tomns : 2.0 toms
Beans 2.2 cwt. 2.2 cwt.

Corn grain NA NA
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Farmers growing' irrigated crops.infRegionai.Farm:II, also generally
follow a‘ cropping: pattern.: - Crop  rotations are used:-to: minimize:disease
and insect problems in cash crops.- ~There’'were 13:cropping 'sequences
reported by 28 growers in Regional. Farm II. The. first. thxee .crop .rota-
tions reported in' Table XXIII were suggested by 46 percent- of the farmers
interviewed.

TABLE XXIII. - REPORTED! CROPPING PATTERNS: USED: BY::GROWERS~+~REGIONAL "FARM II,
1966.

Number of
Growers Using
Cropping' Sequence Cropping: Sequence

grain s 3 alfalfa, corn sil, beets, 5 .
grain s 3 alfalfa, beets , beets, corn sil, 4
grain s 3 alfalfa, grain , beets, grain , beets 4
grain , 3 alfalfa, beets , beets, beets 3
grain , 3 alfalfa, beets , beets, beans 2
clover , grain , beets , beets, 2
corn , oats , beets R 1
grain s 3 alfalfa, beets , beets, beets , clover 1
beets , beans , beets , Dbeans 1
beets continuous 1
corn sil, wheat , beets 1
no rotation specified 3

A number of crops in Regional Farm II are: marketed. in the -form of
livestock. Alfalfa, sugar beet tops, corn. silage, and. irrigated- pasture

were the most commonly reported: roughages used for feed.

Livestock

Farmers on- irrigated farms' in'Regional- Farm II reported:eight-live-

stock operations that were supplementary: to irrigated:.crops,-(Table XXIV).
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TABLE XXIV. LIVESTOCK ENTERPRISES: REPORTED: BY FARMERS . REGIONAL FARM ITI,

1966,
Livestock .. Number of .. . Percentage of
Organization Farmers.-Reporting. . Farmers Reporting
Beef feeding ' 22 - 78.5
. Lamb feeding 7 25.0
Swine feeding: : 2 7.1
Beef cows:-for: calves: : 21 .. 75.0
less than: 10 head 3 .10.7
more’ than:10,. less:-than 20 5 - 17,8
more’ than-20, less' than 30: 5 ... 17.8
more than- 30 8 28.5
Dairy cows: for milk : 6 - 21.4
less than 10- head 6 . 21.4
Swine for pigs- 8 28.5
Poultry 10 35.7
Ewes and- Rams 8 28.5

A- considerable amount of-labor is required-to operate livestock and
cropping operations on irrigated: farms. ' Family farms,’ local communities,
and the'.sugar coﬁpany are -the' sources- of ‘agricultural workers in Regional

Farm II.

Labor

Famiiy-fgrm-1abor'is*the-most'important working force--on farms in
Regional Farm II. Additional:labotr’is‘hired depending upon the types of .
crops® grown-and .the- season of - the 'year. Skilled labor is required to
weed- and: in: some' cases thin'.sugar beets: :Labor required fox:the:sugar

beet- crop migrates: from” the~southern states' during=the early summer months.
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Sugar Beet: Supply- Modeil: -‘Regional Farm-II.

The linear*programmingfmodel'used-tOfestimatena:ioné run: sugar’ beet
supply~response-for-Region- II-has been specified- according~to:.the condi-
tions' that: exist: in-the+Region. - The aectiwities-of:the:model-.are-eropping
seguences-that are thought te- reflect  grower~cropping-preferences-in 1980,
Further, resources  that- limit sugar- beet- production:-.are included along with
appropriate input-output .coefficients.

Fourteen cropping sequencesrﬂave'been-selectedwtoatypify alternative
ways  of~combining crOPSffor'the'purposeroffmaximizing?grower“ﬁrofits‘
(Table XXV). The rotations represent the erop-sequences repotted by
growers as well as experimental cropping- -patterns~tested at the Huntley
Experiment- Station, 6/

The profitableness of-the' 14 cropping: sequences-was determined for
1980. Z] Each: crop: rotation net'rgvenue=coefficient"refiectedfthe-cost
of water of ‘the two districts inthe region.: Thercropryieilds: for-a given
land type in- each district are-also"reflectedhin'the‘net revenue- coeffi-
cients. The Regional Farm II model-haS'beenmdesigned“so;that“each_crop
rotation;couldﬂbe grown:on each4of‘four“land~types found in two  districts.

Those  cropping patterns: consisting of .sugar-beets are-limited to

. 6/ Larsen, Irrigated Crop Rotationsy op. cit.

7/ See page 56.
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TABLE XXV.-- CROP- ROTATION: ALTERNATIVES-REGTONAL. FARM:-IT; ~1980.

Rotation Nuzger
Number . Cropping. Sequence Years
1 Barley , 3 alfalfa, corn sil, beets . 6
2 Barley ,..3 alfalfa, beets . ., beets s, corn sil 7
3 Oats s-3 alfalfa, wheat: , beets ,-wheat . , beets 8
4 Corn- 8il, wheat’ , beets , beets . 4
5 Oats , 3 alfalfa, beets , beets , beets 7
6 Corm; Sil,. opts .. . ,: beets s 3
7 Oats s 3 alfalfa, corn sil, beets 6
8 Barley -, 3 alfalfa; corn-sil, corn Gr , beans 7
9 Barley ,. 3 alfalfa, potatoes, -beans 6
10 - Oats s 3 alfalfa, corn- Gr., corn..sil, corn sil 7
11 Barley- , 3 alfalfa, corn sil, wheat ' ., . clover 7
12 Corn. Gr , wheat , Wheat™ °, corn 4
13 Corn: 8il,. oats ,- beans 6
14 Oats- , 3 alfalfa, corn sil,; beans 6

Land Types 1~3. Land Type 4 is in most cases of a quality that would mot

insure economic yields for- sugar: beets' under  normal: management- procedures 8/

Regional:Farm~1i-containedwlBS,319:irrigated:acreSLof land: in1966.

It is expected that' 102,809 additional -acres-of irrigated dland: will. be in

production by 1980 (Table XXVI). The new-acreage  expected:by: 1980~ consists

of the development of new state irrigation'proﬁectsﬁaS"well.as"Bureau of

Reclamation projects. State:projects will-add 44;309 acges 97/ whereas,

s

the"Bureau»of‘Reclamationwis.expectedrtO"addsiOQSOO:irriéatedracres of

8/ Land 4 in- some cases is capable-ofrsupportihg: sugarrbeets.. The Soil
Conservation: Service has-identified- the- ametint of Land-4 that-could

support sugar beets.

9/ State Water Conservation- Board; Preliminary-Repoxt :1962;:0ps- cit.
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TABLE XXVI. INVENTORY OF LAND IN' REGIONAL. FARM. II,: BY. DESTRICT; LAND. CLASS,
AND NEW IRRIGATION: PROJECTS,. 1980.

) : . Land..Classes-- . -
District Class 1 Class 2 Class 3 Class 4 Total

(acres)
District 1 .

1966 inventory 25,965 29,834 2,604 4,372 62,775
State projects 1980 a/ 4,674 5,415 4,788 - 832 15,709
Bur. of Reclam. l980_§/ 2,050 . 2,375 210 365 5,000
Yellowtail l980.9/' - 19,680 22,800 2,016 . 3,504 48,000
Subtotal 52,369 60,424 9,618 9,073 131,484

District 2 )
1966 inventory 41,392 18,523 3,796 8,833 72,544
State projects 1980 a/ 16,302 7,293 1,516 3,489 28,600
Bur. of Reclam. 1980 a/ 3,134 1,403 292 671 5,500
Subtotal 60,828 27,219 5,604 12,993 - 106,644
Totals . 113,197 87,643 * 15,222 22,066 238,128

a/ State and Bureau of Reclamation projects are expected to be. completed
by 1980. ’

b/ Yellowtail Dam has been constructed. However, the irrigation. project
has not. been. completed. '
land to the-inwventorys.. 10/. Also,.it is.possible. that:an..additional 48,000

acres of land:will .be under irrigation as..a result of -the Yellowtail Dam

and the Hardin Irrigation Unit. 11/ - Therefore, sugar beet production could

10/ See footnote number 6 , page 75

11/ . Helmer Holje, -et. al.;*The--Hardin Trrigation: Unit, Montana:Agricul-
tural Experiment Station Circular No.— 244, . March 1966, p.-4. This
source reported 43,550 additional irrigated 'acres. . However;, 48,000
additional irrigated acres was used in the.model: based: on. conversa-
tions with the Holly Sugar Company management at Hardin during-1968.
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be carried out'on approximately: 216,062 acres in 1980..within::the:boundaries

of Region II.

Supply‘Responée

The following three response:models for -the region were-.developed:
(1) regional.- farm response, (2) -regional: farm-responserincludingspecific
land use restrictions and (3)- typical’ farm::response.
Model I::' The supply of sugar beets: expected: to-.be:.grown:.in-.the:.south-
eastern regional farm during 1980  at~$17.50 .per .ton-is: 109,248 .acres. Of
the 238,128 acres of land available_for“sugar'beet:productién;r45'pergent
should be planted:tO'suga;:beetswin'198OH(TabieuXXVIInanduFigure 8).:- The
supply response' in-Districtl (Big Horn-County) .is-60,026: acres. of sugar
beets or 10,804 more acres of'beets-than‘the:supéiynresponsenofrDiStrict 2,

The expected- regional sugar  beet: supply response at: $17400:per-:ton was
8,828 acres. By increasing the price - of beets .to $17.50 per: ton-:an—addi-

‘ !
tional 100,000 acres- of “beets  whould: be planted;‘ Withs sugar:.beets .at- $17.00
per ton Rotations 4,:9, and 14 were -in the optimum .soclution. -~ Crop:.Rotation
9 was the dominate:activity.-. Rotation' 9 .includes:barley,-alfalfa;, .potatoes
and beans. Rotation 4, which' consists: of cornusilage,.wheag,uand"two:years
of sugar beets, replaced Rotation 9 in the;optimum«solution:Whenwthe:Eeet
price was: increased from $17.00 .to- 817450 per: ton.  -When the.sugar beet
price was increased to' $19.00 per tonjy: only .those’ cropping: sequence .activi-
ties-containing:sugar=beet5‘were'in:the?profit;maximizihgnsoiution.
Under the~conditionsvof-the mode15+45~pefcentuof-aiinavailable

irrigable land in the -southeastern region  would  be -planted:-to: sugar beets.
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TABLE XXVII. SUGAR BEET-SUPPLY  RESPONSE. BY.DISTRICT.IN 1980 FOR
* REGIONAL FARM II.

Price per Supply Response

Ton District 1 District 2 . Totals -
Dollars (Acres) (Acres) (Acres)
$14.,00 , : 0 0 . 0

14.50 0 0 0

15.00 0 ’ 0 0

15.50 0 0 ' -0

16.00 3,630 5,198 8,828

16.50 3,630 5,198 8,828

17.00 - 3,630 5,198 8,828

17.50 60,026 49,222 109,248.

18.00 60,026 49,222 | 109,248

18.50 . 64,835 52,024 116,869

19,00 65,612 53,137 ' 118,759

19.50 65,612 53,137 118,759

20.00 65,612 .. 53,137 118,759

20.50 65,612 : 53,137 118,759

21,00 65,612 53,137 118,759

21.50 ‘ . 65,612 . -53,137 118,759

The solution suggested is probable but not likely because .of diseaseiand
insect problems. In order'to avoid these problems, not more than 1/5 to
1/4 of the land should be planted to sugar beets.
Model II: A further restriction was placed .on each cropping sequence that
éontained sugar beets.” No more than 1/5 of any land type  within each
district was al;owed to be used for sugar beet production. Based on the
upper limit revision a 1980 sugar beet supply response  was estimated for
Regional Farm II (Table XXVIII and Figure 9).

At the projected 1980 sugar beet price ($l7.50lper ton) it has been

estimated that 71,219 acres of beets would-be produced representing' about
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30 percent of the irrigated land available -in the region. This' leaves
70 percent of theyland for crops‘that-would'be.usedwto~break~up disease
and insect life cycles. District: 1  farmérs- should plant-40,000 acres
of beets using- 31 percent of the: available: drrigated land while
District  2- growers: should plant 28-5-.percent-of: the .land or-30;4%8.acres
of sugar beets ét'the:eéuilibrium price:in:1980.

TABLE: XXVIId.- SUGAR .BEET:; SUPPLY" RESPONSE: BY+DISTRICT: IN.1980 FOR
‘REGIONAL" FARM' IT, INCLUDING:-LAND:USE:LIMITS.

_ _ Supply Response
Price Per Ton District 1 District 2 i Totals

(Dollars) ‘ (Acres) (Acres) (Acres)
14.00 : 35,441 23,813 59,254
14,50 36,576 27,430 64,006
15,00 38,293 27,430 65,723
15.50 38,294 29,054 67,348
16.00 38,294 29,054 67,348
16.50 - 38,294 ‘ 30,154 - 68,448
17.00 39,266 30,154 69,420
17.50 40,741 . 30,478 71,219
18,00 40,741 30,478 71,219
18.50 41,364 32,775 74,139
19.00 - 41,364 32,775 . 74,139
19.50 41,364 33,676 75,040
20.00 42,012 33,832 75,844
20.50 | 42,126 34,637 76,763
21.00 42,126 34,637 76,763

21.50 42,126 34,637 76,763

Six cropping patterns are found-in the profit maximizing-linear pro-—
gram solutions with sugar beets priced-at-$17450 per ton. These .rotations

are 2, 4,5, 64 -9, and 14, "Rotations 2,5, and &, ‘:are- additions*to the
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optimal solutibn at $17.50 because of the upper limits placed on the
cropping sequence. activities. Rotations 2, 5, and. 6,.which:contain
sugar beets, replaced Rotation 9 when the: latter: reached--the .upper: limit.
In essense, kotations.4,v5, and 6 represent-the next:best:alternatives
té Rotation 9.
It should:be pointed .out- that  the- restricted' supply:estimate for

sugar beets' at: $14.00 per-'ton' was 59,254 acresi The: tegional: response

price.r This'phenomenon- is- due’ to- ther.upper .limit: rotationirestriction
on the  various: land- types. In‘Model'I;'Rotation*Q“enteredathé&basis
on'the=entire!amountﬂbf'iand?available;u'EntMpdei’ii, Rotation.-.9- entered
the soiution“only“in'thé;amoﬁnt'of'thefuppgrglimit; Next: "best"
alternativeS‘Were=then=requi;edﬁtO'fillvthériemainingﬁacreage.

Model III: ' An: alternative: 1980  sugar’ beet: suppily estimate"was‘made
using threer typical- farms" ag ‘the’ responding: units. -The-representative
farms~selecte&-were-based'oﬁzthree-sizerclasSiﬁicationsx.ﬂ153;r263; and
635 irrigated acre units.

Each representative farmconsisted .6f four .land types' similar to
thoseedefined‘£orstheumegignéiimode1€sﬂppiy'ggtimateSu' The humber of
acres oft irrigated 1and:of‘each'tyﬁetonhthéurepreSentativerfarms was
based on the pércentageaof:afgiven'type=of“1andﬂin each: districtiof the
regional model; i.e.,‘Land‘l, Distriect 1, represented -39:u8'percent of
all land availabieifor'crop production-—in .District'l.  This’ petrcentage
coefficient was used"tO“detérmine:the=numbernoftacresuoerand 1-on each

of three representative farmg (Table XXIX).
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TABLE XXIX. THE NUMBER OF ACRES OF IRRIGATED: LAND:TYPES: ON: THREE: TYPICAL
.~ FARMS,. REGION II;:1980.
Land Types Percent Land Typical. Farm Size
by District - Type of Total .. .. . . By: Land Type.
Land (153 acres) (263 acres) (635" acres)

District 1 :
Land 1 39.8° 61 105 253
Land 2 46.0 70 121 292
Land 3 7.3 11 19 46
Land 4 6.9 11 18 44

District 2
Land 1 57.0 87 150 362
Land 2 25.5 39 67 162
Land 3 5.3 8 14 34
Land 4 12,2 19 32 77

The number-of units of family labor per typical farm' was detérmined

for the' purpose of estimating the number of hours of family labor that

would be' available for: crop  production' in' 1980 (Table: XXX).

TABLE XXX. HOURS OF FAMILY LABOR  AVATLABLE .ON TYPICAL: FARMS, 1980.

Average Number - of Hours
' Family Workers Available for: Crop
Farm Size Per Farm Production, 1980
153 1.70 3,009
263 1.58 2,797
635 1.94 3,434

The representative farm models were: specified - so’ that each farm had

equal opportunity: to select any one‘of a comination-of crop rotations
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for the’ purpose:of maximizing'profits;:'The.érop rotation  activities are
the same as those'specified'in'the:regional'modelngag/nnFurthermore, the
regional farm net revenﬁe coefficient for. each rotation..was used regardless
of typical farm size specified. 2/
A sugar. beet: supply: estimate- was: madezfor-each:typical:farm: in. each
of the two districts. The individuai:farm?responsesuwexeﬁexpandédnby the

number of farms:of that size-group~expected:sin- 1980:.(Tables XXXI)..

TABLE XXXI. - THE -NUMBER:O¥: TYPICAL: FARMS: IN. 1980, . SOUTHEASTERN | REGION.

Percent of Number: of Farms
Typical Farm . Sampled Farms Expected,
Size . 1966 1980
153 .15 ' 78
. 263 .53 .. 274
635 .32 165

The expanded typical ' farm supply estimates of each district were
summed to form the' regional  supply~estimate:for 1980:(Table: XXXII and
Figure 10), At $17,50, the 1980 projected price;~91y164-acres-of~sugar
beets should'bé produced. - Typical Farm 3 (635 acres) should: produce
49,088 acres of beets-while Farm 2 (263 acres) and. Farm-l (153 .acres)
should- produce 36,031 .and- 6,045 acres' of sugar: beetsrespeectivelyat*$17.50

per ton,

1/ See page 96.

2/ See page 54.
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SUGAR BEET. SUPPLY. RESPONSE:BY: TYPICAL: FARMS: IN:.1980 FOR

. REGION IT.
Farm 1 Farm 2 Farm 3
Price Per Ton (153 acres) (263. acres) (635 acres) Totals
(Dollars) (acres) (acres) -(acres) (acres)
14,00 624 -0 0 624
14.50 624 0 0 624
15.00 2,769 3,425 5,033 11,227
15.50 3,908 3,425 5,033 12,366
16.00 3,908 16,303 23,760 43,971
16.50 5,655 33,702 "44,055 83,412
17.00 6,045 36,031 44,055 86,131
17.50 6,045 36,031 49,088 91,164
18.00 6,045 36,031 49,088 91,164
18.50 6,045 36,031 52,305 91,164
19.00 6,045 36,031 52,305 91,164
19.50 6,045 36,031 52,305 91,164
20.00 6,045 36,031 52,305 91,164
20.50 6,045 36,031 52,305 91,164
21.00 6,045 36,031 52,305 91,164
21.50 6,045 36,031 52,305 91,164
Summazry

Regional and .typical farm sugar beet supply~responses:'were maderin this

chapter.

than the Regional Model. IT response but less’ than Regional Model'I.

For the' Southeastern' Region ‘the:- typical farm response:is- greater

At

prices- below $17.50 the response  of Model I -and IIIrvary much more than

the results of Model-II. -At the-projected-i980-sugar”beetﬁprice (517.50)

growers in the Southeastern Region should produce'betWeenw71,219'and:'

109,248 acres of- sugar-beets (Table  XXXIIIand :Figure: 11).
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TABLE- XXXIII. COMPARISON' OF THREE-ALTERNATIVE. SUGAR -BEET: SUPPLY-RESPONSES
FOR THE- SOUTHEASTERN*REGION- OF MONTANA;: 1980.

Model T Model IT Model III

Price Per Ton- Region Region a/ +  Typical Farms

(Dollars) (acres) (acres) (acres)
14.00 0 59,254 624
14.50 0 64,006 624
15.00 , 0] 65,723 11,227
15.50 -0 67,348 12,366
16.00 8,828 67,348 43,971
16.50 8,828 . 68,448 ‘ 83,412
17.00 8,828 - 69,420 : 86,131
17.50 109,248 - 71,219 ’ 91,164
18.00 109,248 . 71,219 91,164
18.50 116,869 74,139 . 91,164
19.00 118,759 74,139 91,164
19.50 118,759 75,040 .. 91,164
20.00 118,759 o 75,844 .. 91,164
20.50 118,759 76,763 . 91,164 -
21.00 118,759 76,763 91,164
21.50 118,759 . 76,763 ' 91,164

a/ Includes land use limits.
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CHAPTER VI

SUGAR BEET PRODUCTION RESPONSE: NORTH AND WEST CENTRAL REGION
A long run sugar beet supply estimate for the nbrth and west central
regions has been made. This chapter.describes the area under study and

the supply estimates for the regional and typical farms.

Area Under Study

The north and west central regional farm is made uﬁ of two areas.
The west central area includes the irrigated lands of four counties:
(1) Stillwater, (2) Carbon, (3) Yellowstone, and (4) the western part of
Treasure. The north central area includes Blaine and Phillips counties.
Regional Farm III is divided into three districts: Distriect 1,
including the irrigated lands northeast of Billings, Montana, adjacent
to the Yellowstone River northeast to Hysham in Treasure County and
District 2,’consisting of potential sugar beet production areas west
and southwest of Billings in Stillwater, Carbon, and Yellowstone counties.
The third district is in the northern part of the state in Blaine and
Phillips counties (Figure 12).

Regional Farm IIT includes the major portion of the Great Western
Sugar Company factory district with refining facilities located at

Billings.

Water
The primary source of water in District 1 (area northeast of Billings)

is the Yellowstone.River, which supplies a number of private ditch companieé
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and the Bureau of Reclamation Project at Huntley. The Yellowstone,
Clark Fork, and Stillwater Rivers are the primary sources of water in
District 2. |

The northern area (District 3) is located in the Milk River Basin.
Farmers in the area depend upon the Milk River and some grﬁund water

pumping units for irrigation water.

Climate

The climate of Regionél Farm IIT is similar to the other Greaf
flains regions previously discussed. Generally, hot summers, cold
winters, low rainfall, long sunny days, and low relative humidity
characterize the region's climate. The normal long range annual precip-
itation for District 1 and 2.is 12.65 inches with 9.20 inches occurring
in the growing season. District 3 receives 12.52 inches of-precipitatidn.
annually with 9.25 inches falling during the growing season (Table XXXIV).

The average length of the growing season in the region is near 120
days. However, the growing seasén of District 2 often times is below
90 days. In the last 20 years the lowest number of days in the growing
season reported at Chinook (District 3) was 85 days.

Temperatures in the region vary by district. The northern district
varies from 110 degrees Fahrenheit to 60 degrees below zero with the

mean growing season temperature near 66 degrees Fahrenheit. 1/ The

1/ Soil Survey of the Milk River Area, Montana, U.S.D.A., Series 1928,
No. 22, pp. 5-6. .
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southern districts of Regional Farm III are affected by the mountain
ranges that 1i¢ éo the west of thé area. Temperatures\vary from 110
degrees to 50 degrees below zero, with the average growing season.temp-
eratures near 75 degrees. The southern area is susceptible to warm

winds in the winter. Summer winds do not generally hamper cropping

operations in the irrigated areas of Regional Farm IIIL.

TABLE XXXIV., CLIMATE DATA, REGIONAL FARM III. a/

- Average
Annual Growing . Number of Days
Normal Season Between Freezing
District Precipitation,  Precipitation Temperatures b/

(Inches) (Inches)

1 ' 12.03 8.88 121

2 13.26 9.51 111

3 12.52 9.25 - 119

a/ Source: Montana Agricultural Statistics, Montana Department o6f
Agriculture, SRS, Helena, Montana.

b/ 32 degrees Fahrenheit.

Soils
Data concerning soil associations and series is available for most

of the Regipnal.farm III area. Soils data for Carbon County is.not

available. 1In Districts 1 and 2 (Yellowstone.Counfy), 14 sqil‘associations

have been identified including 55 soil series. McRae-Lohmiller-Keiser

Association makes up 7 percent of all the land surveyed in Yellowstone -
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County. This soil association is found on gently sloping Yéllqwstone
Valley terraces. These soils are easily managed and are capaBlé of high
crop yields.

Other soils in the irrigated areas are Vananda and Arvada series
which are well drained and olive gray in color. The Bew—Allentine
soils of the terraces and fans are also considered highly productive‘
soils. Havre and Glendive soils are found mostly in the lower terraces
and flood plains of the Yellowstone Valley floor. Some of the Glendive
soils are not well drained'and; therefore, are pot-generallyAused for
crop production. Havre soils usually support sugar beet and bean crops
in the region. 2/

Because the soil associations identified in Yeliows;one Gounty
lie near the Yellowstone River, it is reasonable to expect that similar
soil series are found near the Yellowstone River in barbon and Still-
water Counties (Districthi).

The soils of District 3 best adapted for irrigated crops are Havre,
Harlem, and Bowdoin. A wide range of soil types make up thesé .series
from fine sandy loam to clay. The Havre soil series constitﬁ?es 18
percent of all soils surveyed in the Milk River Basin while ﬁarlem and
Bowdoin represent 10.4 and 17 percent, respectively. _g( Some Bowdoin

is heavy clay, not adapted to irrigated crops.

2/ MSoil Survéy Yellowstore . County, Montana", unpublished report pro-
vided by the U.S.D.A., S.C.S, Bozeman, Montana, pp. 9-38.

3/ Soil Survey = Milk River, op. cit., pp. 12-30.
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Crops and Yields

The crops grown on irrigated land within the bounds of Regional
Farm III are sugar beets, alfalfa, dry beans, corn silage, oats, wheat,
barley, dry peas, and potatoes. All interviewed growers reported sugar

beet production and 84 percent raised alfalfa (Table XXXV).

TABLE XXXV. THE NUMBER OF -FARMERS GROWING SPECIFIED IRRIGATED CROPS
IN REGIONAL FARM III, 1966,

Number of Farmers Percentage of
Irrigated Growing Crops Farmers Interviewed
Crop (38 Farmers) Growing Specified Crops
Sugar beets - 38 100.0
Alfalfa 32 84.2
Pasture 26 68.4
Barley 24 63.1
Corn silage ' ' 20 ) 52.6
Wheat 19 50.0
Dry beans 16 . 42,1
Oats 10 26.3
Other hay 4 ' ' 10.5
Peas 3 7.8
Potatoes . 1 2.6
Clover seed 1 2.6
Green beans 1 2.6
Squash 1 2.6

The 1966 average yiéld for selected irrigated crops in Regional Farm III
are reported in Table XXXVI.

Growers in Regional Farm III reported usiqg crop rotétions,in order
to ﬁaintain soil fertility and high crop yields. Fifteen rotational

patterns were suggested by the farmers in the region.  There were four
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crop rotations reported by 47 percent of the growers in the region.

Five farmers did not use a set cropping pattern (Table XXXVII).

TABLE XXXVI. YIELDS FOR SELECTED CROPS, 1966 AND FIVE YEAR (1961-1966),
WEIGHTED AVERAGES - REGIONAL FARM III.

Yield per Acre Yield per Acre
Crop 1966 ' 1961-1966
Sugar beets ' 17.07 tons 16.12 tons.
Alfalfa 3.89 tons 3.94 tons
Barley 59.80 bushels 62.60 bushels
Corn -Silage 19.61 tons 20.26 tons
Wheat 36.90 bushels 45,30 bushels
Dry beans 18.89 cwt. 20.35 cwt.
Oats 77.50 bushels 75.40 bushels
Other hay o . 3.25 tons. 3.25 tons
Peas ’ 33.20 cwt. 33.20 cwt.

Potatoes 300.00 cwts 250.00 cwt.

The majority_of.the farmers in the southerﬁ two districts of the region
rePorted that their cropping patterns were used in part to pro&ﬁge live~
stock from corn silgge, alfalfa, barley, and sugar beet tops. 1In the
northern district cattle feeding was not as popular, primarily because

fed cattle markets are too far from the area.

Livestock

Billings represents a major livestock market in Montana.. The
majority of farmers in Districts 1 and 2 of the region reported cow-calf
and livestock feeding enterprises. The survey in District 3 indicated
a wide assortment of relatively smail livestock operations. Many growers

reported multiple livestock enterprises (Table XXXVIII).
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TABLE XXXVII. REPORTED CROPPING PATTERNS USED BY GROWERS — REGIONAL
FARM III, 1966.

" Number of Growers
Crop Sequence . Using Crop Sequence.

Grain , 3 alfalfa, grain , beets, beets , beets 6
Grain , 4 alfalfa, beans , beets, grain , beets 5
Grain , 4 alfalfa, corn sil, beets, grain , beets 4
Grain , 3 alfalfa, corn sil, beets, ‘ 3
Grain , 4 alfalfa, grain , beets, 2
Grain , 5 alfalfa, corn sil, beets, i 2
Beets , corn sil , corn sil, 2
Grain , 3 alfalfa, beans , beans, beans , beets, beets 2
Beets , corn-sil , grain s 2
Grain , beets.. , grain , beets, 1
2 alfalfa, potatoes , beets s beets, potatoes 1
Beets , corn sil , beans . 1
Corn sil , peas , beets s 1
Grain , 3 alfalfa, beets , beets, beets , beets 1
No rotation pattern reported 5

Labor
The family farm unit is the primary source of laﬁor in Regional
Farm IIL. Other labor is hired depending upon the reason of the year,
the type of cropping patterns followed and the size of the family labor
force.
It has been determined that an average of 1.375 workers per family
farm were employed in 1966. Some full time labor was reported to
supplement family labor. During the. summer, high school boys £ill worker

demands on irrigated farms.
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TABLE XXXVIII. LIVESTOCK ENTERPRISES REPORTED BY FARMERS - REGIONAL
FARM III, 1966.

‘ Number of . Percentage of
Livestock Organization. Farmers.. Reporting Farmers Reporting

Beef feeding 24 63.1
Lamb feeding 4 10.5
Swine feeding 1 2.6
Steers: on 'winter stubble 3 7.8
Beef cows for calves 27 71.0

less than 10 head 3 7.8

more than 10, less than 20 5 13.1

more than 20, less than 30 7 18.4

more than 30 ) 12 31.5
Dairy cows for milk 7 18.4

less than 10 head 4 10.5

more, than 10, less than 20 3 7.8
Ewes and rams 3 7.8
Poultry 6 15.7
Hogs 8 21.0

Sugar Beet Supply Model: Regional Farm III

The linear programming model constructed to represent Regional -Farm
IIT is made up of .cropping pattern activities, restrictions.that limit
sugar beet production, and appropriate input—output coefficients. The_
model was specified with 1980'p£ice and resource projections. :

Fourteen crop rotations were specified in the objective function of
the Regional Farm IIT linear programming model . (Table XXXIX). The
cropping patterns were reported by 38 growers of the region, and by the

Montana State Experimental Station at Huntley. 4/

4/ Larson, et. al., Irrigated Crop Rotation, op. cit.
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TABLE XXXIX. - CROP ROTATION ALTERNATIVES OF REGIONAL FARM TIII, 1980.
Rotation Number of
Number Cropping Sequence Years
1 Oats , 3 alfalfa, wheat s, beets , beets » beets 8
2 Barley, 4 alfalfa, beans , beets , Wheat , beets’ 9
3 Barley, 4 alfalfa, corn.sil, beets s Wheat s, beets 9
-4 Oats , 3 alfalfa, co¥rn sil, beets 6
5 Oats , 3 alfalfa, beans s beans s, beets. , beets 8
6 Beets , corn sil , corn sil 3
7 Oats , 3 alfalfa, potatoes, beets 6
8 Oats" , 3 alfalfa, beans , corn.sil, corn.sil 7
9 Qats , corn sil , beans 3
10 Barley, 3 alfalfa, beans s beans 6
11 Barley, 4. alfalfa, beans , wheat , beans 8
12 Barley, 3 alfalfa, corn sil, corn sil, corn sil 7
13 Qats , 3 alfalfa, potatoes, beans 6
14 Barley, 3 alfalfa, corn.sil, potatoes, 6

Net. revenue coefficients indicating the profitableness of the cropping

sequence reflect 1980 costs, returns, and yields. 5/ Each net revenue

coefficient reflected the cost of water within a given district, as well

as appropriate crop yields for given land type within the districts.

Each rotation can be produced on each land type in each district. In

some cases, however, cropping sequences that include sugar beets are

restricted to Land Types 1 through 3. Usually, Land Type 4 is not of

the quality to produce sugar beets.

6/

See p. 56 , for the method of forecasting cost and returns.

Land 4 in some districts is capable of supporting sugar beets.

The

Soil Comnservation Service has identified the areas where Land 4 can
support sugar beets. :
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Regional Farm IIT .contained 310,708 irrigated acres of land in 1966,
An additional 45,290 irrigated acres of land can be expected to be
available for production in 1980 due to the development of néw irrigation
units. New state irrigation projects are expected to add another 40,100
irrigated acres to production, while the Bureau of Reclamation projects
will add 5,190 acres 7/ (Table XL).

TABLE XL. INVENTORY OF LAND IN REGIONAL FARM III,.BY DISTRICT, LAND
CLASS, AND NEW IRRIGATION PROJECTS, 1980.

District Class 1 Class 2 Class 3 Class 4 Totals
(Acres)
District 1 :
1966 inventory 32,322 46,605 4,826 13,041 96,794
a/ State projects 1980 4,275 6,157 640 1,728 12,800
a/ Bur. of Reclam. 1980 _1,503 2,164 225 608 4,500
Subtotal 38,100 54,926 . 5,691 15,377 114,094
District 2- o : .
. 1966 inventory 58,537 38,284 19,476 8,430 124,727
a/ State projects 1980 657 430 218 95 1,400
a/ Bur. of Reclam. 1980 ——=——=—= = ————— —————— mmmmm e
' Subtotal 59,19 38,714 19,694 8,525 126,127
District 3 .
1966 inventory 39,805 40,911 . 4,740 3,731 . 89,187
a/ State projects 1980 11,551 11,888 1,373 1,088 25,900
a/ Bur. of Reclam.. 1980 223 230 27 210 690
Subtotal _51,579 53,029 6,140 5,029 115,777

Totals 148,873 146,669 31,525 28,931 355,998

a/ State and Bureau of Reclamation projects that will be completed by 1980.

7/ State Water Comnservation Board, Preliminary Report, Water Needs of
Montana, February 1962 and personal correspondence from B. E. '
Garlinghouse, Chief, Irrigation Division, Bureau of Reclamation,
Region 6, United States Department of the Interior, Great Falls,
Montana, June 26, 1968.
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Supply Response:

Three models were developed for the putpose of estimating sugar
beet production: (1) regional fgrm response, (2) regional farm response
with specific land use restrictions, and (3) representative farm response.
Model 1: The 1980 estimated sugar beet supply response for the west and
north central regional farm in Montana at.$17.50 per ton is 62,233 acres
or 17.5 percent of the available land (Table XLI and Figure 13). The.
sugar beet supply response in District 1 (area northeast*§f~Billings)
was 20,552; Districts 2 -and 3 (west of Billings and the High Line) are
expected to produce 21,873 and 19,808 acres of sugar beets respectively

at the equilibrium price.

TABLE XLI. SUGAR BEET SUPPLY RESPONSE BY DISTRICT IN 1980, FOR REGIONAL

FARM TIII,
Price per - Supply Response
Ton -
District 1 District 2 District 3 Totals
(acres) (acres) (acres) ' (acres)
14.00 9,154 13,783 9,861 32,798
14.50 9,154 ) 16,318 14,625 40,097
15.00 16,452 19,600 18,457 54,509
15.50 19,527 21,305 19,483 " 60,315
16.00 19,527 21,305 19,483 - 60,315
16.50 20,552 21,873 19,808 62,233
17.00 20,552 21,873 19,808 62,233
17.50 20,552 21,873 19,808 62,233
18.00 20,552 21,873 . 19,808 . 62,233
18.50 26,902 . 31,738 28,405 87,045
19.00 36,057 38,191 37,243 111,491
19.50 36,057 38,191 37,243 111,491
20.00 36,057 38,191 37,243 - 111,491
20.50 37,006 41,474 38,267 116,747
21.00 38,288 42,185 38,674 119,147

21.50 38,2388 42,185 38,674 119,147
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The rotations in the.optimal solution were 6, 7, and 14. Rotation 7
dominated Land Types 1 = 3 in all districts. Rotation 7 consists of
oats, alfalfa, potatoes, and sugar beets. Rotations 6 and 14 were in
the solution on Land Type 4. :

At prices below equilibrium, the same rotations were in the solutions,
however, Rotation 14 was found 6n Land Type 1 and 2. As the price of
sugar beetg were revised 'upward; Rotation 7, containing sugar beets and
potatoes, replaced Rotation 14, comsisting of potatoes and grain. At
§21.50 per  ton all rotations in the solutions consisted iﬁ part of sugar
beets; Rotation 1 on Land 4; Rotation 6 on all other Lands. Rotation 6
replaced Rotation 7 on all land types at a price of $21.50 per tonm.

Model II: The regional farm sugar beet rotations were further restricted
by including a land use limitation in- the model. The rotations specified
in the objective function were not.allowed to use more, than one-fifth

of the available irrigated land. The land.use restriction .was placed

for the purpose of reflecting management -practices that should take
place on irrigated farms in order to avoid disease and nematode problems.
The estimated sugar beet supply response for 1980 undér the land use
limitation is shown in Table XLII and Figure 14.

At $17.50 per ton, the lQéO projected sugar beet price, 47,215
acres of beets should be planted. This estimate is 15,018 acres less

_ than-the Model I estimate.
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TABLE XLII. SUGAR BEET SUPPLY RESPONSE BY DISTRICT IN-1980 FOR REGIZNAL
FARM ITI, INCLUDING LAND USE LIMITS.

Price per Supply Response’
Ton - - -

District 1 - District 2 District 3 Totals

(Dollars) (acres) (acres) (acres) (acres)
14.00 11,871 15,766 14,469 42,106
14,50 14,252 15,766 14,470 44,488 -
15.00 14,252 15,766 14,470 44,488
15.50 14,261 15,766 14,470 44,497
16.00 14,264 15,768 14,473 . 44,505
16.50 14,264 15,768 14,473 ’ 44,505
17.00 15,705 16,566 14,944 47,215
17.50 15,705 16,566 14,944 47,215
18.00 15,705 21,714 14,944 52,363
18.50 15,705 21,716 14,944 52,365
19.00 19,272 25,747 24,748 68,946
19.50 19,805 27,592 25,324 72,721
20.00 24,562 27,592 25,327 77,481

20.50 24,562 27,592 25,327 77,481-
21.00 24,562 27,592 25,327 77,481
21.50 25,416 28,062 25,607 79,089

The crop rotations in the profit maximizing solution at $17.50 per
ton of beets are 1, 3, 6, 7, 13, and 14. Rotations 6, 7, 13, and 14
were in the optimum solution in the amount specified for the land use
restriction. 8/
Model III: An alternative way of estimating the number of acres of sugar
beets that would be grown under alternative beet prices, is by using a

typicai farm as the responding unit. Three representative farms were

8/ Refer to p.119.
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defined typifying three size groups found in the north and west. central
region: 176, 227, and 405 acre units.

Each representative farm model was specified with rotation activities,
sugar beet resource restrictions, and input-output coefficients. The
crop rotation activities are the same as the regional farm model
specifications. The net revenue coefficients associated with—the regional -
farm sequence activities were used in the representative farm model for
all three farm sizes.

The resources that restrict sugar beet production are land and
family labor. Each typical farm was specified with four types of land
in quantities that reflect the percéntage of land types in the regional
farm model (Table XLIII).

The number oé family labor hours available for crop production
during l77ldayé at 10 hours per day was determined for each typical
farm. The number of family workers per farm were ascertained from a
survey of growers in the region. The number of hours available for
crop production have been estimated (Table XLIV).

Based on the specified typical farm models, a sugar beet supply
response was projected for the region in 1980. The individual farm
responses were expanded by the number of farms expected .to exist in
1980 (Table XLV). |

The expanded typical farm sugar beet supply responses were hori-

zontally summed to form a 1980 regional supply response for sugar beets

(Table XLVI and Figure 15).
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THE NUMBER OF ACRES OF IRRIGATED LAND TYPES ON THREE TYPICAL
FARMS, REGION III, 1980.

Land Types Percent of Land - Typical Farm Size by Land Type

By District Type of Total Land

- 176 acres 227 acres 405 acres

District 1
Land .1 33.4 59 76 135
Land 2 48.1 84 109 195
Land 3 5.0 9 11 20
Land 4 13.5 24 31 55

District 2 ' ’
Land 1 ° 46.9 83 107 190
Land 2 30.7 54 70 124
Land 3 15.6 27 35 63
Land 4 6.8 12 15 28

District 3 ‘ '
Land 1 44.6 78 : 101 181
Land 2 45.8 81 104 186
Land 3 5.3 9 12 21
Land 4 4.3 8 10 17

TABLE XLIV.

HOURS OF FAMILY LABOR AVAILABLE ON TYPICAL FARMS, 1980. .

Number of Hours

Family Workers _Available for Crop
Farm Size per Farm Production 1980
176 1.36 2,407
227 1.69 2,991
405 2.60 4,602
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THE NUMBER OF TYPICAL FARMS IN 1980,
REGION.

NORTH AND WEST CENTRAL

Percent of Sampled

Number of Farms

Typical Farm Size Farms, 1966 Expected, 1980
176 21.8 342
227 28.1- 441
405 50.1 787
TABLE XLVI. SUGAR BEET SUPPLY RESPONSE.BY TYPICAL FARMS 'IN 1980 FOR
REGION ITI.
Price per Farm 1 Farm 2 Farm 3

Totals

Ton (176 acres) (227 acres) (405 acres)

(Dollars) (acres) (acres) (acres) (acres)
14.00 4,218 15,435 22,036 41,689
14.50 9,348 18,081 48,532 75,961
15.00 . 11,058 18,081 57,189 86,328
15.50 - 11,058 18,081 57,189 86,328
16.00 11,058 18,081 57,189 86,328
16.50 11,058 18,081 57,189 86,328
17.00 11,058 18,081 57,189 86,328
17.50 11,058 18,081 57,189 86,328
18.00 11,058 24,843 57,189 93,090
18.50 15,276 24,843 79,225 119,344
19.00 19,380 31,752 101,260 152,392
19.50 19,380 31,752 101,260 152,392
20.00 19,380 31,732 101,260 152,392
20.50 20,178 33,222 105,983 159,383
21.00 20,178 33,222 105,983 159,383
21.50 33,222 159,383

20,178

105,983

1
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The results of the analysis show that 86,328 acres of sugar beets should
be production at.$17.50 per ton. The largest typical farms (405 acres)
should produce 57,189 acres of beets at $17.50 per ton. Farm 2 (227 acres)
and Farm 1 (176 acres) should grow lé,08l and 11,058 acres of sugar beets

respectively.

Summary

Three sugar beet supply response models including regional and typicél
fafm analysis were made.in this chapter. ' At beet prices above $14.50
the typical farm model supply estimate is,greatér than either regional
model responses. Model IT resulted in the lowest - estimate -of sugar beet
production. One should expect between 47,215 and 93,690 acres of sugar
beets in the north and west central regions in 1980 at $17.50 per ton

(Table XLVII and Figure 16).
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TABLE XLVII. COMPARISON OF THREE ALTERNATIVE SUGAR BEET SUPPLY RESPONSES
FOR THE NORTH AND WEST CENTRAL REGIONS OF MONTANA, 1980.

Price per Model T Model II Model III

Ton Region Region a/ Typical Farm
(Dollars) (Acres) (Acres) . (Acres)
14.00 32,798 42,106 41,689
14.50 40,097 44,488 75,961
15.00 54,509 44,488 86,328
15.50 60,315 44,497 86,328
16.00 60,315 44,505 86,328
16.50 62,233 44,505 86,328
17.00 62,233 47,215 86,328
17.50 62,233 47,215 86,328
18.00 62,233 52,363 93,090
18.50 87,045 52,365 119,344
19.00 111,491 68,946 152,392
19.50 111,491 72,721 152,392
20.00 111,491 77,481 : 152,392
20.50 116,747 77,481 159,383
21.00 ' 119,147 77,481 "~ 159,383
21.50 119,147 79,089 159,383

a/ Includes land use limits.
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CHAPTER. VII "
SUGAR BEET PRODUCTION RESPONSE~-WESTERN- REGIONS

Five regional farms located in irrigated- valleys: of-Montana have
been defined for the. purpose of estimating:-a longrrunasﬁppiyéresponse for
sugar beets. This chapter'desc?ibes-tWOhofrthese~regionaiffarmsrwhich are
located in the-Weste;n-part'of'Montana:"The?l980=regionalfsugar beet~supply

estimates are'presented'forfboth“regions.

'Area:UnderfStudy

Two -sugar- beet’ productien- areas- are considered~in:-this' section.
"Regional Farm: IV is- represented: by- thes sugar: beet- growers: insRavalli and
Missoula counties: (Figure 17),- This: area: represents- the: former: American
Crystal Sugar: Company: factory-districts - Sugar: beets- grown- in-Regional
Farm IV are  processed by‘the:Great:WesternhSugarrGompanyratfBillings, 380
miles east of the region.

Regionél Farm V-is: located in'BroadwatqrfCounty;'east*offRegional
Farm IV-and west of Regional PFarm: I1I. ' Sugar beet'groweré*in~Region v
also’ ship- their béets to the Great Western- refinery- at- Billings for
processing. |

Both Regions- IV' and' V' are: located: in--mountainous:country. - The
narrow Bitterroot Valley: lies' between- two: mountain- ranges--that reach
8,800 feet. The:valiey'fioor*is:33500 feet=abové-seahleVeia~vThezTownsend

Basin in: Broadwater: County is- nearly: 4,000 feet: above- sea: level,
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L

Missoula County Production Area

(Region V)
OMissogi;—\g\

Sugar Beet

Production Area
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////
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®
Hamilton

Figure 17. Regional Farms IV and V, Western Montana.
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Water

The- sugar beet~groWers’in’Regibnai“FarmHIV‘{Ravaiii~€ounty5"obtain
irrigation water from the-Bitterrootﬂdrainagea‘-ThehBittét%bot;River
flows through- the-.center'of the' Bitterroot: Valley in- a-nertherly-direction.
Some perennial‘floW%streams also'providerirrigation: water. ~All-irrigation
units in the  Bitterroot-Valley' are-operated-as- private-ditch*companies
in cooperation with the-Montana State' Water- Conservation-Board.

The' primary- source: of water in' Regional’ Farm~V-(Broadwater~County)
is the  Missouri:River. The Broadwater' Water:Users: Association in/.coopera-
tion: with the~M§ntana:State“Watér3Conservation;Bogrd~havenaﬁdam“on'the
Missouri*River'at;Tostonngontanau"Watér“ﬂivertediat;Toston*iS'used
in the Townsend’ Basin- and  on the- east: side.of~€anyon Ferry- Reservoir.
Water -from the- Missouri- River: is- also-:the-:source—for- the: Crow- Creek

Irrigation- Project  managed- by the Bureau-of ‘Reclamation: <~ The: Crow- Creek

~unit: serves- the farms west: and- south- of~Townsend.

~Climate

Regional Farm IV at Ravalli County’iS“charactegized-by“cooleummers,
relatively mild winters, and'minimalhamountS'of“Wind;.'Temperatﬁres
average 68'degrees.Fahrenheitﬂin“thefsuﬁmer“and*25"degreesnFahrenheit in
the winter with- a' temperature-.range~of 100:degrees- to-:40-:degreesbelow
zero. The average-length~of the’ growingseason-is 122 .days.'w However, in

the'last~20~yearS"there“have~been'threeagrowing'Seasonswwithﬁlessvthan 95

- days. The average  annual-precipitation-is 11.17~inches+of which 5.5
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inches falls during“thehgrowingwseasonv ‘However:; mountain: areassbordering
the Bitterroot Valley receive-much mére-moisture. 1/

Regional Farm V in'the“Townsend'Basin“haS”lowarainfail;rextreme
temperature ranges;‘ relatively lOW'humidity;"many:sunny days;and- strong
spring winds. The' July-temperature:-averages: 67 degrees.'iTempefétures
rangé'from-iOOvdegrees-to~49"degreesnbeloW'zero;“ﬂTheﬁlengthmof the
growing- season-.averages- 104-days' with‘ar.range of‘73«to:148: days.: The
average“annuaihrainfalljisw11:50:inches“withn65wpércentrﬁi?Sminches)

falling during the: growing: season (Table - XLVIII).

TABLE XLVIII. - CLIMATE: DATA,‘ REGIONAL‘-FARMS® TV- AND-V. a/

Average
Annual Growing Number of Days
Normal Season Between
Region Precipitation Precipitation  Freezing Temperatures
(inches) (inches)
Region IV 11.17 5.50 122 -
Region V < 11,50 - 7.50 104

a/ Montana Agricultural. Statistics, Montana: Departmentiof: Agriculture and
United States Department  of Agriculture;  Helena; Montana.

The Soil Conservation  Service has identified .and:-classified: 16 soil
associations~inrRavalli~County}'four?of'which are: often: plantedr to- sugar

Y2

1/ 'Montana=AgricuitdrérStatisticss-MontanarDepartment:oirAgriculture and
the United States Department- 6f- Agriculture,- Helenas:Montana, Vol.
2-11. : ‘
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beets and- other: irrigated-.crops. - These soil asseciatiens:are:Chamokane-
Slocun' located- in the  flood  plain' and low terracessy: Hamilton=Corvallis-—
Grantsdale, Lone: Rock-~Slocum and Lolo- located:.on.the: fans:and: terraces.
Among the' soils best: adapted to' sugar beetrproduction: are: the: Hamilton
and- Corvallis 10ams;‘Burnt'Fork‘loams;“Amsterdam:siit:loams&and‘Bitterroot
silt loams. - These- soils are' relatively: level;: deeps;:well: drained and
generally dark:colored. 2/

A- total- of- 83 sodil- types‘ haver been+classified: insRegion: Vi '.- These
soils’ were: classified sprioxr:-to’ the introduction: of' sugar: beets: andy: there~
fore, very: 1ittle- has: been  published conterning: the: capabilitiesnof the
soils in the  region: - The' Soil-.Conservation .Service+repozted:s that 1,993
acres of- 28 dirrdigated: land-was: planted:.to-row:.cropst &n: 1966 -:::37:. It is
thought'thathAmsterdam;"Berthbud;‘Manhattan;ﬂanthvalanthexloamsfcon—

stitute  the majority: of the:drrigated:cropland:iinsthetregion.

Crops-and'.Yields

The irrigated:crops’ grown within- the' bounds:.of Regional . Farm.IV are
corn silage, sugar beets; wheat)-oats; barleyy:dry peas,  dry-beans, !
alfalfa, and potatoes. The number. of acres planted.and-.the yields of

irrigated crops: for the  region are~reported:in:Tabile~XLIX.

2/ Soil Survey Bitterroot ValleyiArea,:Montana,: U:S.D~A.,. S+C.S., and
Montana State-Agriculture’ Experiment- Station, May:1959,: ppw 11-38.

3/ 8oil Conservation Service soil:classification:2S-is-identified -through
four numbers- 28, 2S5,, 2S,, and 25,3. these: soils- are: generally: gently
sloping to level, déep, loamy, well drained,--and- dark: colored. The
one through four classifications suggest' thesubsurface:and:.surface soil
plant material- ranging from clay-pans; calcarous;: te: granitic.
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TABLE XLIX. IRRIGATED: CROPS: OF REGIONAL- FARMS:
AND AVERAGE' YIELDS, 1965. a/
3

IV: AND: Vi+ AGRES~HARVESTED

Irrigated . "Region IV Region V
Crop Acres - Average Acres © Average
Harvested Yields Harvested Yields
Sugar beets 1,960 12.7 - tons 1,705 8.2 tons
Corn grain NA. .+ NA NA ‘ NA
Dry beans NA NA NA NA
Winter' wheat 500 55.0. bu. 400 50.0 bu.
Durum wheat 300 35.5 bu. NA NA
Spring’ wheat 800 51.0° bu. 4,500 3640: - tons
" Corn silage 500 17.0 toms 200 20.0 bu.
Oats 2,200 64.0 bu. 1,000 61.0 bu.
Barley 3,700 - 78.0 bu. 2,100 55.0 bu.
Potatoes - 401 210.0 cwt. 528 - 1450 cwt.
Wild hay 5,200 . 1.35 tomns 3,200 1.5 -tons
Alfalfa hay 19,800 . 3.05: tons -17,500 3.0 toms
Flax seed NA NA 200 17.5 bu.

a/ Montana-Agricultural:Statistics,: Vol.-XI;.:United StatessDepartment
‘of Agriculture, SRS, Helena, Montana; August: 1967,-pp.- 22-62.

Sugar beet- production”in® Regional: Farm IV -has' varied -over- the: years.

According to McArthur,. 4,160 acres of sugar beets were:planted in 1961

Whiletoniy'l,BOOIacreS'Were'contractéd"in 1966.

4/ McArthur indicated

that sugar=beet:yieidsrvaried'widely'and‘depended'to;allarge:extentaon the

4/ J. Wayne McArthur,. "Economic -Impacts: of Some.Alternative. Uses for
Resources-Historically Devoted to: Sugar:Beet Production: and-Refining, -
*Ravalli County, Montana, 1965"., Unpublished-manuscript;: Natural
Resource' Economics: Divisiony: EzRe Sv ;- UwSyDvAs; Salt- Lake' Citys: Utah,

October. 1966.
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climatic conditions' of the.region. 5/ ' In- Region:.IV: sugarbeet: yields
have been' reported-to- range from 4. 3: tons:per. acre: to .21 4: tens:.per acre
over a five-year- period- (1961-65)-- Sugar~content:of:Regionai'Farm v
beets has -varied from 1697 percent-in 1960: to: 15.26-percent: in".1965. 6/

The~irrigated crops- grown- in- Regional:Farm: V- axé: wheaty:-alfalfas,- hay,
barley,  and' sugar: beets.- : There:alsor appears: to:.besargrowing interest in
corn' silage: production: (Tabla: XLIX).

The- irrigated: crops- of- Regional: Farm: IV: and:.V-.are::generaliy: . grown
in rotatiom. with: other:.crops. :Cropping: sequence::suggested:by:the:growers
of Region' IV-(Ravalli:County)  are-reported--in- Table:Ii :»Eropping:patterns -
used in Regional- Farm: V' were'mot' ascertained. 7/

Cropping:patternS“arérusedrto:avoidﬂdiseasenandnnematodesz. The
sugar beetgrowers -of Regional Farm.V-have not .experienced: nematode
problemss -+ Indications’ arer that .sugar .beets are: grown~-in’:suiccession up
to.six‘years*onythe'same?fields;f'RegionfiVLgrowers%ha&eﬂexperienced

disease and nematode  problems which' have' necessitatedcropping:sequences.

5/ Ibid., p. 6.  McArthur 'reported- that:73 percent-of thenvariations ih
yield was due*to'climatic conditions.

6/ 1Ibid:, p. 12.

7/ The groWers-of:Regional Farms IV and V were not .interviewed-for' this
study. Secondary data: concerning-irrigated- agriculture~was used
where-it -wasavailable: for both -regions. )
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TABLE L. REPORTED:-CROPPING::PATTERNS. USED BY GROWERS——REGIONAL FARM.IV,

1965, a/
Cropping Sequence -~ - Number--of: Years
Barley 3 alfalfg  wheat beets 6
Barley 2 alfalfa corn sil  wheat .potatoes 6
Wheat 2 alfalfy corn sil wheat potatoes 6
Wheat 3 alfalfa  wheat beets 6
Wheat 2 alfalfa corn sil wheat  wheat 6
Wheat 2 alfalfa wheat . wheat .5
Wheat 2 alfalfa corn sil  wheat 5
Wheat 2 alfalfa  wheat 4
Wheat 2 alfalfa  dry peas. wheat 5

E/ McArthur, "Economic Impacts  of Some-Alternative Uses:for:Resources
Historically Devoted to: Sugar Beet' Production-and-Refining,~Ravalli
County,  Montana), 1965!,- op.:ecit., pp- 30-41.

Livestock
Farmers' on irrigated farms: in' Regional:Farm IV:and.V:raise:livestock
for Montana, western-and-eastern:markets. 'Livestock numbers:for both

regions are reported:in Table LI.

TABLE LI. .LIVESTOGK:REPORTED:QNwFARMS:iNuREGiONS IV:.AND:.Vy 1966+ a/

Livestock Region IV - Region V
All cattle and:-calves - 56,400 34,300
Milk cows 4,700 : 300
Hogs and pigs 4,200 1,500
Chickens .- 76,000 b/ : 14,000 b/
Sheep 9,300 7,000

a/ Montana Agricultural- Statistics, Vol. SI, Mpntana~Department of
Agriculture and U.S.D.A., Helena, Montana, :August 1967.

b/ 1965 data.
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Labor

It is thought that' the labor required to perform cropping operations
and livestock care comes from family: farms  and local high -school éﬁudents,
Sugar beets  are hoed and  thinned' by: skilledr labor provided by the sugar

companies from non-Montana labor-markets.

Sugar Beet: Supply:Modelz- “Regional:Farms:.IV:and..V

Primary data was not gathered for the purpose’ of  constructing a
linear programming sugar beet‘supply'response'modelz::Alternative‘activi—
ties of the objective  function are' cropping patterns-reported: by McArthur
and cropping'sequenceS'thoughtntO'be'feasibie'for:thewareaa Net revenue
per crop rotation activity' was based -on the costs-~and returns -determined
for other portions=of the:states '§/ Prices: used were- commen to Montana.

Fifteen: cropping-sequences: thought to represent:cropping patterns in
regioﬁ IV have-rbeen’ specified~(Table: LIT)- -Thewcr0p;rotations are
assumed to" be' alternatives facing sugar beet growers-during 1980.

There were 37,898 irrigated acres"of"cropiapdfinvthe“Region IV inven-—
tory during 1966. It is expected: that- an' additional- 8;430: acres- of till-
able cropland will be  available- for- production: by 1980 (Tabile LIII).

The Regionél Farm V: supply response model:-is-similar-to: the four other

regional models -described earlier, -Alternative: cropping patterns,

8/ Budget studies made by McArthur were used- where-applicable:as well as
the costs of production determined  in: Regions:.Iy II,-and III.
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TABLE- LIT. - CROP: ROTATION--ALTERNATIVESy: REGIONAL- -FARM: -V, 1980.

Rotation

Number Cropping Sequence Number of' Years
1 Barley. 4 alfalfa wheat beets 7
2 Wheat - 3 alfalfa’ corn sil beets 6
3 Wheat 3 alfalfa wheat - - beets 6
4 Barley 3 alfalfa peas beets 6
5 Barley 3-alfalfa wheat peas “beets 7

.6 Barley 3 alfalfa beans beets . 6
7 Wheat beans wheat peas wheat-- . beets 6
8 Barley 3 alfalfa corn sil wheat potatoes 8
9 Wheat 3 alfalfa corn sil potatoes 6

10 Wheat: -3 alfalfa corn sil- 5
11 Wheat 2 alfalfa wheat 4
12 Wheat® 3 alfalfa peas wheat 6
13 ° Barley 3 alfalfa beans peas 6
14 ' Wheat 3 alfalfa peas potatoes 6
15 . Wheat 3 alfalfa beans potatoes - 6

TABLE LIII. INVENTORY OF LAND. IN REGIONAL. FARM -IV,: BY. LAND: CLASS: AND NEW
IRRIGATION PROJECTS,. 1980.

Land Classes '

Class 1 Class 2 ' Class 3-. -Class &4 ~Totals

.(acres)
1966 inventory 5,455 17,548 8,988 - 5,907 37,898
State projects 1980 a/ 1,214 3,903 1,998 1,315 8,430
Bur. of Reclam. 1980 a/ ———-—=  ——~=—— = —————  —————  ———mee

Totals 6,669 21,451 10,986 7,222 46,328

resources festricting sugar beet production, and appropriate: input-output
coefficients are. specified  in the model.
Twelve ' cropping alternatives including-the mnet. revenue: expected in

1980 from producing.the: crop sequence are' specified.-(Table LIV).
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TABLE LIV. - CROP. ROTATION: ALTERNATIVES, REGIONAL FARM IV, 1980.

Rotation .
Number Cropping Sequence Number of Years
1 Barley 3 alfalfa beets . beets beets 7
2 Wheat - 3 alfalfa barley. . beets beets 7
3 Wheat 3 alfalfa Dbeets beets beets. beets 8
4 Wheat - 3 alfalfa corn sil beets beets 7
5 4 alfalfa ' wheat: beets beets 7
6 4 alfalfa beets 5
7 - Barley 3 alfalfa potatoes 5
8 Wheat 3 alfalfa potatoes . 5
9 Wheat 3 alfalfa corn sil corxn sil 6
10 Wheat 3 alfalfa corn sil potatoes 6
11 4 alfalfa wheat ' potatoes potatoes 7
12 4 alfalfa potatoes  potatoes 6

Land and labor are among the limited- resources. that restrict the
production of sugar beets in Region V. .In 1966vthere~wérer12;500cacres

of land in Region V under irrigation. A new- Bureau-—of:Reclamation-project

referred to*as the:Jeffefson—Whitehall-Unit'is~scheduled~to-be~completed
by 1980. Water from the--Beaverhead and'Big-Hole:dfainages:Would‘berstored

at the proposed-Reichle Dam site near-Glen, Montana.. Water-would be

diverted to the- Townsend- Basin- (Region' V) for: irrigation:purposes.-. It is
thought that: an- additional- 53,980  acres of irrigated- land: would be-brought

into production as a  direct  result of -the -Bureau: project~(Table LV). 9/

9/ - Report:on--Jefferson-and: Whitehall' Units;-Montanay;-United: State~Department
of the' Interior, Bureau- of Reclamationy' Upper-Missouri: Projeets-Office,
Great Falls,-Montana, August 1965. - At this writing-the- proposed
Jefferson—-Whitehall Unit has not’ been’ approved by: the*Congress:of the
United States.‘ There has been'a great-deal:of-opposition -te:the project
by sportsmen groups and some"ranchers. - Theremay-be-question-as-to the
feasibility -of ‘the project based -on the  short :growing'-seasons often
times experienced -in Region V.
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When the: Jefferson—-Whitehall -unit is-completed-.a:total .of. 66,480 acres of .

land would potentially be availabile for~sugar.beetapfoduction.

TABLE LV. INVENTORY OF LAND IN REGTONAL- FARM-V, ‘BY.-LAND: CLASS AND NEW
IRRIGATION PROJECTS,: 1980,

... Land Classes .
Class 1 Class 2 Class 3 Class 4 Total

(acres)
1966 inventory 812 5,287 6,213 188 12,500
State projects 1980 0 0 0 0 0
Bur. of Reclam. 1980 a/ 3,998 22,806 26,303 - 873 53,980

Totals 4,800 28,093 32,516 1,061 - 66,480

a/ Bureau of Reclamation projects are expected- to be.-completed by 1980.

Supply Response--Regions IV-and V:

Two supply 'response models were used to--estimate -sugar.-beet-production
in each region: (1) regional farm response -and.-(2). regional farm: response
including land use restrictions.

Model I--Regional Farm IV: Based-on the.model. assumptions and.specifica-
tions there would be no sugar.beet production -in.Region. IV:at-prices ranging
from $14.00 to $21.50 per ‘ton. In all. solutions, Rotations 9 and. 15 -domina-
ted the basis. Crop Rotatiohs 9 and 15 consist- of grain,:ralfalfa, and
potatoes. Rotation 9 also incluéed.corn‘silage WhilexCropping.Sequence 15
included dry beans. - Cropping: patterns. including potatoés were much more
competitive than those containing sugar beets at specified prices.

Model ITI--Region IV: Model IT differed from Model I in that.the former.

included a land use: limitation, - That is,:no one. crop rotation was-allowed
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on more than one-fifth of the available- irrigated.land. . At: $17.50 per ton,
2,123 acres- of sugar beets. should. be: produced: (Table.LVI. and:Figure: 18).
The response consisted of Botations 2457, andw8,=andxnon;sugar:beet
Cropping Sequences 9 aﬁd 15. At beet prices: above..$17.00: Crop- Rotation 2
replaced number- 15 on Land Type 4. - Rotation' 2: also:.replaced: Rotation 9 on
Land Type 1 at a beet price of- $19.50 per' ton.

TABLE LVI. SUGAR-BEET' SUPPLY  RESPONSE .FOR'.REGIONAL- FARM 'IV,- 1980,
INCLUDING LAND USE LIMITS. .

Price Per Ton- Supply Response
(Dollars) (Acres)
14.00 : : : 1,651
14.50 - 1,701
15.00 . 1,701
15.50 1,701
16.00 . 1,818
16.50" : 1,818
17.00 : : 1,818
17.50 ‘ 2,123
18.00 2,123
18.50 2,124
19.00 2,124
19.50 _ 2,409
20.00 ' 2,409
20.50 2,409
21.00 3,292

21.50 ' . - 3,296

Model I--Region V: Broadwater County farmers should produce 812 acres of
sugar beets in 1980 at beet prices above $20 per ton (Table LVII and Figure
18). Cropping patterns that include alfalfa and potatoes are much more

competitive than crop rotations consisting:of sugar: beets.
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TABLE LVII. SUGAR BEET SUPPLY RESPONSE FOR-REGIONAL.- FARM V, 1980.

Price Per Ton Supply Response
(Dollars) (Acres)
14.00-19.50 ' 0
20.00 ' 812
20.50 812
21.00 812
21.50 812

Crop Rotation 12, which included four years of alfalfa and two years
of potatoes would be produced on all the avail;ble-land-in the region at
beet prices ranging from $14.00 to- $19.50 per tomn. . Rotation-3- (wheat, 3
alfalfa, 4 sugar beets) replaced Cropping SequencellZ'on Land Type 4
(poorest quality) at $20.00 per ton for beets.

Model II--Region V: The regional model was respecified with land use
limits because it is not reasonable  to expect that one rotation‘would
be used by the many farmers in Broadwater County. Furthermore, there is
a question concerning whether the length of the growing. season would
sustain potate production.

The land use restriction limited- each:cropping sequence’ to a maximum
utilization of one-fifth of the available' irrigated: land. - At .$17.50 per
ton for beets about 1,988 acres of sugar beets .would. be'produced.(Table
LVIII and Figure 19). Rotations 11 and - 12- which included-potatoes,  were

" found in each variable price optimum solution from $14.00-to-.$21.50.
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TABLE: LVIII,- SUGAR BEET - SUPPLY:-RESPONSE:FOR REGIONAL.:FARM:V, .1980,
" INCLUDING: LAND- USE LIMITS.

Price Per Ton - Supplyi-Response
(Dollars) (Acres)
14.00 > 1,514
. 14.50 1,514
15.00 . 1,856
15.50 ' : 1,856
16.00 . 1,856
16.50 _ -1,856 ,
17.00 1,856
17.50 1,988
18.00 1,988
18.50- 7,722
19.00 11,786
19.50 : -11,786
20.00 13,593
20.50 13,735
21.00 13,735 .

21.50 13,743

By increasing the price  of beets.all rotations containing.sugar beets
would be alternatives to non-beet' cropping-:patterns-.except-Rotation 6.
In summary, those rotations containing potatoes'are' the most profitable

cropping sequences for Region V.
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Figure 19, Sugar Beet Supply Responses for Regional Farm V, 1980,
Comparison of Models I and II.
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CHAPTER VIII

AGGREGATE MONTANA SUGAR BEET SUPPLY RESPONSE--1980
Aggregate 1980 Montana sugar beet supply.response has been estimated
by using three models: (1) regional farms, (2) regional farms with land

use limitations, and (3) typical farms.

Regional Farms

The Montana sugar beet supply for 1980 was formed by horizontally
summing the supply response génerated in five regional farms (Table LIX
and Figure 20). At the projécted 1980 sugar beet pricé»of $17.50
per ton it is estimated that 171,481 acres of sugar beets would be

planted, on approximately 21 ﬁercent of the available irrigated land.
Biologically, 171,481 acres of sugar beets in the specified régions of
Montana during 1980 is feasible. Other crops, planted on 79 percent of
~the land, would be helpful‘inlminimizing yield losses due to disease,
insects, nematodes, aﬁd soil depletion.

Even though the sugar beet response estimate is biologically feasible
in the aggregate, a closer examination of the response data suggests that.
the estimated supply exceeds minimum biological requirements in one region.
As previously pointed o;t, the beet supply:response in Region II required
45 percent of the available land while the Region III response would
oceupy 17.5 percent of the gvailable irriggted land. Even though “the
supply estimate.in Region II is feasible for at least .one year, continued

sugar beet cropping on 45 percent of the land would eventually be




detrimental to yields.

in Regions I and IV.

III, and V.

TABLE LIX.

- 151 -

At $17.50 per ton, sugar beets would not be grown

The total .supply estimate comes from Regions II,

SUGAR BEET SUPPLY RESPONSE BY REGION FOR MONTANA IN 1980--

" MODEL I ANALYSIS.

Regional Farm Supply Responses

Price per Total

Ton Region I Region II. ' Region III Region IV Region V gontana
(East . (South (North and (Western) . hesponse
~ Central) Central) West Central)

(Dollars) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres)
14.00 0 32,798 0 32,798
14,50 0 40,097 0 40,097
15.00 0 54,509 0 54,509
15.50 0 60,315 0 60,315
16.00 8,828 60, 315 0 69,143
16.50 8,828 62,233 0 71,061
17.00 8,828 62,233 0 71,061
17.50 109,248 62,233 0 171,481
18.00 109,248 62,233 -0 171,481
18.50 116,869 87,045 0 203,914
19.00 118,759 111,491 0 230,250
19.50 118,759 111,491 0 230,250
20.00 118,759 111,491 812 231,062
20.50 118,759 116,747 812 236,318
21.00 118,759 119,147 812 238,718
21.50 118,759 119,147 238,718

812
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Regional Farms with Land Use-Limits:

The second 1980 aggregate Montana sugar beet supply estimate was

made with a model designed to limit the specified crop rotation to a

maximum of one-fifth of the available land at all sugar beet prices

(Table LX and Figure 21). The sugar beet response resulted in.127,597

acres at the projected 1980 beet price. Nearly 16 percent of all the

available

beets.

irrigated land in the five regions would be planted to sugar

The sugar beet supply response of the restricted land use model at

$17.50 -per ton is 43,884 acres less than the response generated at the

same price with Model I, _The difference is attributed to the land use

limitations placed on the specified cropping sequences in Model II.

Model I had a lower aggregéte'response at sugar beet prices below

$17.00 than Model II. However, at-prices above $17.00, Model I sugar

beet supply estimates were larger than those of Model II. This phenomenon

is due. to
rotations
including
the lower
non-sugar
Once land
rotations

until all

the upper land use limit in Model II. At the lower beet prices;
containing potatoes were more competitive than crop sequences
sugar beets, Beets were forced to poorest land qualities at
prices in Model I. However, in Model II, thé more competitive
beet rotations were limited to the amount of land designated.
use upper limits were filled, the next best alternative

would enter the optimum solutions up to their land limit-or

land was used up. Usually, the next best alternative to the

potato rotations were crop sequences consisting of sugar beets.
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SUGAR BEET SUPPLY RESPONSE BY REGION FOR MDNTANA, IN 1980,
MODEL II ANALYSIS, INCLUDING LAND USE LIMITS.

Regional Farm Supply Response

Price per Total
Ton — Montana
Region I Region II Region IITI- Region IV Region V Response
(East (South (North and (Western)
Central) Central) West Central)

(Dollars) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres)
14.00 3,487 59,254 42,106 1,651 1,514 108,012
14.50 3,487 64,006 44,488 1,701 1,514 115,196
15.00 3,487 65,723 44,488 1,701 1,856 117,255
15.50 3,488 67,348 44,497 1,701 1,856 118,890
16.00 3,488 67,348 44,505 1,818 1,856 118,890
16.50 3,488 68,448 44,505 1,818 1,856 120,115
17.00 3,488 69,420 47,215 1,818 1,856 123,797
17.50 5,052 71,219 47,215 2,123 1,988 127,597
18.00 5,409 71,219 52,363 2,123 1,988 133,102
18.50 5,409 74,139 52,365 2,124 75722 141,759
19.00 5,410 74,139 68,946 2,124 11,786 162,405
19.50 6,192 75,040 72,721 2,409 11,786 168,148
20.00 6,192 75,844 77,481 2,409 13,593 175,519
20.50 6,192 76,763 77,481 " 2,409 13,735 177,463
21.00 9,397 76,763 77,481 3,292 13,735 180,668
21.50 11,421 76,763 79,089 3,296 13,743 184,312

Above $17.00 per ton in Model I, rotations including sugar beets are

the most competitive and, therefore, dominate the solutions.

However, in

Model II, sugar beet rotations are restricted by the land use limit.

Therefore, at any.price above $17.00 there are fewer beets than in.

Model I because potato rotations (now the next best alternatives) enter

the solutions on the remaining land..
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Comparison of Regional and' Typical .Farm Supply .Response Models

Three of the regional sugar beet supply responses were aggregated
and compared to the aggregate supply response estimated by using typical
farms as the responding unit. The supply response from Regional Farms i,
II, and III (Models I and II) are compared to the aggregated typical
farm response (Table LXI and Figure 22).

At $17.50 per ton for sugar beets, the expanded typical farm
supply estimates exceeded the regional response (Model I and Model II)
by 9,948 and 53,832 acres respectively. At sugar beet prices above $17.50
the typical farm sugar beet supply estimates were larger than either
regional model responses.

The models were specified in such a way that the proper comparison
would be that of Regional Model I and the aggregate typical farm response
of Model III. Regional Model iI included the land use limits that neither
of the other models possessed.

As shown in Figure 22, the typical farm response is consistently to
the right of the Model I estimates. Assuming that Model I is correctly
specified, the typical farm response appears to overestimate the supply
of sugar beets in Montana.

In comparing the aggregate sugar-beeﬁ.supply-responses.of Model I
to that of Model IIT, .one.can.conclude .that Model .I.is &..feasible’
long-run sugar beet. supply respénse from a biological. standpoint.
Twenty-one..percent. of the. total. specified. land .in Montana .should be

planted to sugar beets. based -on.the.program.résults of Model I and
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TABLE LXI. COMPARISON OF THREE MONTANA SUGAR BEET SUPPLY RESPONSES FOR
. 1980, REGIONAL FARM, REGIONAL FARM WITH LAND USE LIMITS, AND
AGGREGATE TYPICAL FARMS.

Price per Supply Resporse

Ton
Regional Regional Aégregated
Model I Model II Typical Farm
Model TII
(Dollars) (Acres) (Acres) . (Acres)
14,00 32,798 108,012 . 45,411
14.50 40,097 115,196 79,683
15.00 54,509 117,255 - 101,157
15.50 60,315 118,890 102,631
16.00 69.143 118,890 . 134.236
16.50 71,061 120,115 173,677
17.00 71,061 123,797 176,396
17.50 171,481 127,597 181,429
18.00 : 171,481 ' 133,102 189,220
18.50 203,914 141,759 222,588
19.00 230,250 162,405 261,071
19.50 230,250 168,148 262,059
20.00 231,062 175,519 262,059
20.50 236,318 177,463 271,949
21.00 238,718 180,668 271,949
21.50 238,718 ' 184,312 271,949

23 percent in-Model III at the equilibrium price in 1980. Both estimates
are considered to be biologically feasible. Model 1 response, while
appearing biologically feasible in the aggregate, may not be biologically
possible in the long run in the individual regions. In Region II, (South-
eastern Montana) at $17.50 per tomn of beets, 45 percent of the available
lan@ should be utilized for beet production which is not feasible over a

long period of time.
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Model II, regional farms with land use limitations, appears to be
the most desirable long run estimate of sugar beet broduc%ion at $17.50
per tonm. At this price, 16 percent of the land specified should be

planted to sugar beets.




CHAPTER IX

BEET SUGAR PROCESSING IN MONTANA

Sugay Recoyery

The recovery of sugar from beeﬁs took place in Montana on a non-
commercial basis in 1898. 1/ The extraction of sugar from beets can.be
summarized in eight steps. Each of the processing.steps are briefly
discussed. 2/

(1) Sugar beets are harvested and stored in large piles near the
refinery. A loading and conveyor system transports the beets to washing
and scrubbing tanks for the purpose of removing soil and other debris
from the beets.’

(2) After scrubbing, the beets pass through large funnels and into
rotary knives which slice them into "shoe string'" like segments referred
to as, cossettes ox chips.

(3) The cossettes enter large holding tanks where hot water pérmeates
them. By the primciple of osmossis, sugar juices are removed from the

beet tissue., Two separate products emerge from the diffusion process,

1/ See Appendix 3 for a history of the development of the beet sugar
industry in Montana.

2/ P. M. Silin, Technoldgy'of.Beet Sugar Production and Refining, U.S.D.A.
and National Science Foundation, Washington, D. C., 1964; and John G.-
McIntosh, The Technology.of Sugar, New.York: ~D. Van Nostrand Company,
1903. ' ' '
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raw juice and beet pulp. The pulp (cossettes) are pressed dry and
removed to other parts of the plant for processing into lives;ock feed.
Raw sugar juices move on to the purification process.

(4) The purifying of raw juice; which contains 10 to 15 percent
sugar, is completed in three steps. First, milk of lime is édded to
the solution which chemically makes the non-sugar substances insoluable.
Secondly, carbon dioxide <COZ) is bubbled through the raw juice which
makes the milk of lime solution insoluble. Finally, the‘solution (milk
of lime, raw juice, and carbon dioxide) is -passed through a series of
filters. The lime and nomn-sugars aré filtered away from the remaining
solution which is called thin juice.:

(5) The thin-juice is précessed into thick juice by evaporation
in a vacuum. Large quantities of steam are required to perform the
evaporation process. Thick juice is filtered resulting in a‘solution
called standard liquér which contains 50 to 65 percent sugar.

(6) Crystals are formed from the standard liquor.  The standard
liquor is boiled in large vacuum pans. Then pulverized sugar is injected
into the liquor (seeding) which initiates sugar cfystal development. The
crystals or white fillmoss are allowed to grow to a specifieé size.

(7) High speéd centrifugal machines separate.the white fillmoss”
into brown syrup and the sugar crystals. The syruﬁ‘is returned.to the
boiling or evaporation vats and eventually passed twice more, through the

centrifugal machines.




- 162 -

(8) White sugar crystals are subjected to warm then cool blown
air. After this process, the dried sugar is stored in large silos and
packaged for market.

Molasses is ‘the name given to the‘white fillmoss after three passes
through the centrifugal macﬁines. Molasses does contain some sugar but
it is not economically feasible to recover this sugar through normal
refining methods. However, two meghods havé.been developed to glean
sugar from molasses. The first method is the Steffen process. Lime
is added to the molasses forming an insoluble compound which is filtered
out of the molasses and returned to the‘regular sugar making process.
The second is the Barium hydroxide method which used on a small scale’
in the United States. Barium hydroxide and sugar fbrm:a.precipiﬁateﬂ
which is filtered from the molasses and returned to the regular process.

Those factories which encorporate the Steffin process as well as
the barium hydroxide procedure are.able to recover more sugar per ton of
beets sliced than those plants.not usiﬁg these methods. The Great
Western Sugar Company refinery at Billings was initially constructed

with the Steffen process as part of the sugar recovery procedure. Today

both Holly Sugar Company refineries also use the Steffen process.

Beet Sugar Factory Input-Output Organization
A number of inputs are required to recover sucrose from sugar beets

profitably. Among the important.inputs are sugar beets, water, fuel,
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labor, and chemicals. . The amount of sugar finally extracted from a ton
of sugar beets depends upon the.quality of the beets and the method

used to recover sugar.

Sugar Beets:

Sugar beets must be of a high quality to ensure economic returns
to the factory and grower. Quality refers to the ratio of sugar. to
impurities contained within the beet. Factory representatives are
assigned specific beet districts and they work close;y with growers
to maximize sugar content. The Great Westefn Sugar factory averaged
16.90 percent sugar from 1906 to 1954. The range was 15.16 percent
sugar in 1926-27 to 18.63 percent sugar in 1907-08. The average sugar

content of beets harvested in Montana during 1967 was 17.60 percent.

Labor:

Sugar refining in Montana begins during October and often times
lasts through January. The larger plants in the state hire seasonal
labor for 125 days. The amount of labor required to extract sucrose
from sugar beets is dependent upon the methods used in the process and
the quality of the sugar beets. -Kinsely reported that-an average of
.86 man hours per ton of sliced beets or .32 man hours per 100 pounds

of sugar produced was required during 1952. 3/

3/ Robert T. Kinsely, Beet Sugar Refining, BLS Report No. 6, Department
of Labor, February 1953, p. 12.
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During the 1963 sugar campaign in Montana, four plants required
1,293,000 man hours, or 1.10 man hours, per ton of beets slice& to
produce sugar. During 1965, 1,307,000 man hours were required to slice
748,000 tons of beets or 1.74 man hours per ton of beets sliced. The
average number of production workers employed in four Montana sugar

factories during 1958-1965 was 585. An additional 79 employees were required

for administrative work (Table LXII).

A

TABLE LXII. LABOR IN THE MONTANA BEET SUGAR PROCESSING INDUSTRY FOR
SELECTED YEARS, 1955, 1958, 1964, and 1965. af

Annual Average Wage
Number of =~ Total Production  Average Wage Per Worker

Year Factories Employees Workers Per Worker Per Hour (US)
1958 4 594 594 — 2.07
1963 4 665 580 5,194.82 2,44
1964 4 686 611 5,898,52 2.49
1965 4 640 564 5,829.78 2.59
Averages 664 585 5,641.04 2,51

Water

The sugar recovery process requires lérge amounts of éuality water.
Tﬁe amount of water needed in any given plant depends upon the recircu-
lation system in the plant. The flow of water in the sugar making process
is illustrated in Figure 23 for a typical plant incorporating the Steffem
process. Water use estimates were reported for sugar refining plants

during 1954 and 1959 (Table LXIII).
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TABLE LXIII. ESTIMATED WATER USE--TYPICAL SUGAR REFINING FACTORY, 1958-59.

Item -Gallons of Water Per Ton of
Sugar Beets

Intake . 2,600
Gross Use ‘ 4,400
‘Discharge Total . 2,400
Treated in Plant . 900
Untreated 1,500

Untreated Discharge to Public Sewer : -
Untreated Discharge to Surface Water,
Ground or Wells ) : 1,500

a/

Source: George 0. G, Lof and Allen V. Kneese, The Economics of Water
Utilization in the Beet Sugar Industry, Baltimore: Johns
Hopkins Press, 1968, p. l4.

Young and Asmus estimated that the sugar processing industry in

Montana used 3.2 billion gallons of water in 1966. 4/ This amounted

to

an estimates 3,116 gallons per ton of beets sliced in four Montana

beet sugar factories (Intake water, not gross use). Because the

plants in Montana are Steffen refineries it is expected that gross use

of

water per ton of beets sliced is near 5,000 gallons.

Fuel

Fuel is required to generate steam which, in turn, is used estensively

throughout the sugar recovery process.. .The evaporation stage requirés ..

4/

Kenneth Young and Edward B. Asmus, "Municipal, Industrial, and Agri-
cultural Water Use in Montana, 1966", unpublished paper, Department

of ‘Agricultural Economics, Montana State University, Bozeman, Montana,
1968.
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the greatest amount of steam. Multi-steam utilitzation plants require
6-7 KG's of coal fuel per 100 KG of beets sliced. 5/ (Approximately
132 pounds of coal per 220 pounds of beets or nearly 1,300 pounds of
coal per ton of beets sliced.)

Also, fuel is required in the pulp drying operation. It is estimated
that four KG's of coal is required to dry pulp from 100 KG's of beets
‘(88 pounds of coal per ton of beets); 6/ TFurthermore, the burning of
‘lime rock to generate corbon.dioxide (COZ) requires cons}derable amounts
- of fuel. Temperatures of 1,000 degrees Centigrade to 1,100 degrees
Centigrade are required to generate co, from limestone (CaCOz){ It is
suggested that 10 to 20 pounds of coke per ton of beets is required to
achieve the desired temperatures. 7/ -

Other chemicals, compounds, and materials are required in refining
sugar beets. Limestone is used at a rate of 100 pounds per ton of beets
processed. * Sulphur, activated carbon, and filter cloth are used in the
purifying stage. In addition, string and various sizes of sugar bags

are used to prepare the final product for market.

5/ Silin, Technology of Sugar Beet Production and Refining, op. cit.;
p. 275. ’

6/ Ibid., p. 378.

7/ Young, "An Economic Study on the Eastern Beet Sugar industry”,
op. cit., p. 118.
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Sugar Refining Capacity in Moentana--1980 .

Aséuming that the potential sugar beet production for 1980 at $17.50
per.ton is realized (127,000 acres), the refining capacity within the
state would have.to expand. There are four ways that the sugar industry
in Montana could enlargé its capacity. There are (1) increase these
number of plant operating days, (2) construct new factories, (3) expand-

the existing plant facilities and (4) develop thick juice storage facilities.

Proceséing Season:

One way that Montana's beet sugar capacity could be' expanded is to
increase the number of days that'the factories operate @uring the sugar
campaign. At the end of 1969 it is expectéd that the daily capacity of
the sugar indust;y in Montana will be close to 9,000 tons of beets sliced
per day. 8/ If each factory were to operate an average of 125 days,
1,125,000 tons of beets could be processed: At a yield of 17 tomns per
acre (1980 projected average yield) 6§,176 acres of beets could be hgrvested
and processed.” The projected‘l980 sugar beet supply résponse at $l7=50

per ton is 127,000 acres (Model II) or 60,824 acres (1,034,008 tons)

more than the existing capacity could process.in 125 days. Some believe

8/ Current expansion programs at the beet sugar plants in Montana
should incredse the daily beet -slicing capacity from 8,400 to
9,000 tons by the end of 1969.
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that the extra sugar beet acreage could be harvested and processed by
operating the factories for more thap 125 days.

It is estimated that 239 pfocessing days or 114 more days' than
currently are used would be required to process 127,000 acres of sugar
beets with the existing daily capacity of 9,000 tomns. Adding 114 days
to the processing season at best would be difficult.

The primary restriction in operating sugar factories in Montana
for 240 days is centered in the storage of sugar beets. The sugar beet
root does not die after harvest unless it is subjected to extreme heat
or cold., Under the right environmental conditions, beets in storage will
undergo normal respiration, i.e., oxygen (02) is absorbed by the root
tissue while carbon dioxide (COZ) and water (HZO) are given off in the
form of “heat. In the process, sugar sfored in the beet is used up. 9/
Sugar content of the beet diﬁinishes as respiration continues in the storage
stage. Silin estimated that average daily sugar loss of beets in storage
is .01 percents In 150 -days 1.5 percent of the beet weight is lost.

Heaé, water, and carbon dioxide from respirationicauses other
problems. Water in vaﬁor form condenses to liquid thereby covering the
beets and making a favorable environment for fuﬁgus growth. Also,
oécasionally "hét'spots" develop inside the beet piles. If these

spoilage areas are not:discovered, rotting will spread causing & wapid

9/ Respiration in sugar beets can be written as:

ClZHZZOll + 1205—% 12CO2 +‘11H20 + energy

Sugar + Oxygen yields Carbon Dioxide + Water + Heat . (enough heat to
raisethe temperature of 62.5 pounds of water from 98 degrees Fahren-
heit to 212 degrees Fahrenheit.

-
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rapid decrease in sugar content. Studies have shown that temperatures
both within and outside beet piles influence the rate of .respiration
and heat output more than other environmental factors. 10/

In Montana, the beet ripeniﬁg process and the climatic conditions
within the growing areas.necessitates . .that beets be removed from the
ground between October and the middle of November. The factories camnot
keep up with the harvest so beets are stock piled for later processing. 11/
It has been estimated that sugar beets will be stored nearly 140 days
during the 1968 campaign at Hardin, Montana. 12/

There are alternative processes that may be used to preserve.sugar
beets in.storage. Such methods may be feasible at Montana sugar factory
sites to increase storeability and, therefore, increase the number of plant
operating days. These storage methods include freezing or dehydration

of the beets. Tactory seasons in some areas of Russia have been extended

to 200 days by incorporating this storagé technology. 13/ It was

10/ R. H. Cottrell, Beet—Sugar Economics, Claxton Printers, Caldwell,
Idaho, 1952, p. 222. ’

11/ As the sugar beet campaign begins the factory management allows the
harvest of enough beets per day to just meet the factory capacity.
The date of unrestricted deliveries is established approximately
mid-October after which the grower can deliver as many beets as he
possibly can in a given day.

12/ Personal conversation, Chief Agriculturist, Holly Sugar Company,
Hardin, Montana.

13/ Silin, Technology of Beet -Sugar Production and Refining, op. cit.,
p. 43.
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reported that beets were stored for 165 days during a 205-day sugar
campaign at the Sal'Kov Sugar Factory With minimum losses of sugar. 14/

Freezing sugar beets represents an alternative to longer storage
periods in Montana. The freezing process requires that sugar beets be
subjected to temperatures below -7 degrees Centigrade (19 degrees Fahren-
heit) to stop respiration and freeze the sugar juices within the beet.
Beets must remain frozen until they are delivered for slicing if the
amount of recovérable sugar is to be maximized. Sugar beets that have
been frozen and alloWed to thaw before processing are subject to severe
sugar losses. Thawing begins at -5 degrees Centigrade or.23 degrees
Fahrenheit;

Freezing sugar beets in certain areas of Russia was accomplished
by allowing the beet to be exposed to wind and low temperatures indi-
genous to the northern latitude environments. Once the beets were frozen
solid, they were covered and stored‘until processing. 15/

Storage of sugar beets at factory sites in Hardin, Sidney, and
Billings is done during the months of November through February. If
in November or even December, after the beets are piled théy coula be
subjected to temperatures of 5 degrees Fahrenheit  to -13 &egrees Fahren-

heit for 10 to 15 days the beets could be frozen. 16/ Once the piled

14/ Ibid, p. 39.

g

Ibid, pp. 36-43.

The process of freezing sugar beets in the pile requires an elaborate
system of air ducts and ventilation tubes placed in the beet pile.

&
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beets are frozen they should be covered with matting, snow, and straw.
The thickness of the beet pile covering is dependent upon the 1éngth of
time beets are to be held in storage.

Daily temperature data observed from Billings, Hardin, and Sidney
suggest that freezing beets fér future processing by using the natural
environment (wind and temperature) would at best be a high risk venture.
Over the last five years, considering daily high temperatures for
November and Décember, the Sidney area could make use of natural winter
temperatures and wind to freeze sugar beets. Hardin and Billings seldom
reported more than two days in succession having temperatures below
5 degrees Fahrenheit (Table LXIV). If beet piles could be covered
in the-daytime and subjected to cold temperatures during the night it
is likely that the freezing process via the natural environment could
occur at Sidney and Hardin after the middle of November. Temperatures
at night are not consistently low enough at the Billings plant to
warrant beet freezing by the environmental temperatures. An alternative
to freezing beets by temperatures, is to freeze them by cold.air
compressor—blowers. A system of ducts, ventilators, and fiberglass pile
insulators could be adapted to a cold air blower system. The economic
feasibility of such a system is unknown at this time. Additional research

in forced air sugar beet freezing may be warranted. 7/

17/ Currently, the Great Western Sugar Company management at Billings
is experimenting with different methods of preserving beets in
piles. The results of the experiments are not available at this time.




TABLE LXIV,

BEET STORAGE SITES IN MONTANA, 1964-1967. a/

NOVEMBER AND DECEMBER TEMPERATURE DATA RECORDED NEAR BEET SUGAR FACTORY AND SUGAR

Average daily

November
December

Billings b/

Hardin

Sidney

high temperature

1964 1965 1966

46.8 54.1 48.0
32.0 43.5 39.7

1964 1965 1966 1967

42.6 50.2 42.7 47.2
25.4 40.7 32,1 34.5

1965 1966

40,0 35.6
34.4 29,6

November
. -.December

|Temperature Range

68-11 74-30 66-17 66-31

68-10 78-24 57-15 65-25
50~(17) 60-7 53-9 56—

65-1 70-12 47-8

57-19

50-0

Number of days
in succession
where reported
daily high was
below 6 degrees
Fahrenheit
November

" a/ United States Department of Commerce, Climatological Data, Montana, Environmental Science
Services Administration, Weather Bureau, Washington, D. C., 1964-1967.

" b/  Temperatures recorded at Billings Water Plant.

- €LT -
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\

The other. way to' preserve sugar content in beets in storage is
through dehydration. Dehydration kills the beet celis by drawing water
away from the root. Sugar loss through spoilage is eliminated because
microorganisms cannot adequately function in a waterless environment.
This process can be carried out two ways——artificial dehydration and
sun drying. The latter method appears unreasonable in Montana because
of the lack of sufficient sun heat and temperatures during the harvest
and processing season to fully dehydrate the beets.

The dehydration weight. of a beet is approximately one-fourth that
of the mature living root. The economic implications of dehydration
are (1) reduced transporting costs due to less weight, (2) increased
revenue due to low sugar losses, and (3) increased costs due to the dehy-
dration process. |

Dehydration of sugar beets to increase storability of the root
with low sugar loss was carried out by the Russians as early as 1930. ;§j
Problems were encountered that forced the abandonment of ghe process.
Among these problems were (1) excessive fuel consumption (nearly twice
as much as the processing requirements); (2) excessive power consumption,
(220 h.p. per 100 tons of beets); and (3) low production capacity of
the dehydration units. Given.the present state of electronic technology,

the use of portable dehydration units could be incorporated in the Montana

18/ Silin, op. cit., pp. 42-43.
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beet sugar industry, however, additional research is necessary to deter-
mine the economic feasibility of such an operation.:

In summary, freezing sugar beets in Montana by using natural winter
temperatures appears to be a high risk operation primarily due to
unpredictable weather and inadequate storage insulation technology.
However, artificial freezing may be a feasible alternative. Also, the
dehydration process is a likely method or preserving beets in storage,
but more research should be done on both methods to determine the

economic benefits and costs of such operations.

Additional Factories:

Another way to enlarge the sugar refining capacity in Montana is to
add additional factories to the -existing structure of the industry. There
are a number of factors that influence the location of a sugar factory.
Among these factors are; (1) sugar beet supply areas in relation to
plant location; (2) total sugar beet supply; (3) location of.the plant
in relation to primary resources; (4) location of plant to wholesale
sugar markets and; (5) the'availabiiity and cost of tramsportation

facilities. 19/

19/ W. H. Dean, Jr., The Theory of Geographic Location of Economic
Activities, Edwards Brothers, Inc., Ann Arbor, Michigan, 1938,
p- 1. Johann H. Von Thunen developed a theory that umndertook to
determine the kind of agricultutre production that should be carried
on at various places, He used a system of concentric circles and
priorities to determine what products would be produced at different
distances from the consuming and storage centers. See Roland R.
Renne, Land Economics, New York: Harper and Brothers Publishers,
1947, pp. 170-175, for a discussion of Von Thunen Theory of Location.
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Among those resources that are essential for a.new sugar refinery
location in Montana are sugar beet supplies, water, rail tranéportation, a
and sufficientvland for the disposal of factory wastes. Railroad facilities,
water supplies, and land seem to be in sufficient quantity to meet the
minimum requirement of a sugar refinery.

One guideline suggested by sugar company officials in establishing
new factory locations is the need for approximately 30,000 acres of sugar
beets, 20/ The results of the regional supply response model (District 3
North and Wesk Central Region, Model II) indicate that in“1980,-19,000
acres of .sugar beets could be expected in Blaine and Phillips counties.
There is, however, a large amount of ‘irrigated acreage in Cascade, Teton,
and Pondera counties (153,000 acres) of which part could be adaptable
to sugar beets. 21/

It is beyond the scope of this work to determine the‘feasibility
of additional sugar factories in selected locations of Montana. However,
because of the 19,000 acre sugar beet sgpply response. for 1980, at the
northern beet growing areas in Montana, and because farms in other northern

Montana irrigated areas, not considered.in the 1980 supply response, may

20/ 30,000 acres of sugar beets was suggested a number of times as the
author spoke with sugar company officials. The newest plants built
are of the size (4,000 tons of beets per day plus) and degree of
automation that would require nearly 30,000 acres of beets to return
sufficient income to cover costs and maintain.a "reasonable profit'.

_g_/ Personal correspondence from the United States Department of the
Interior, Bureau of Reclamation, Region 6, to Mr. Hugo T. Schellin,
Chinook Businessmen's Association, December 31, 1963. Farmers in the
irrigated sections of Cascade, Teton, and Pondera counties are
reported to have grown sugar beets in 1959, 1951, and 1959 respectively.
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respond to beet prices, a sugar factofy.may be justified. Even though
the determination of the economic.feasibility of such a sugar refinery
in the northern portion of the state is ‘left to others, hypothetical
cost and returns éata for three plant sizes suggest that an adequate
return on investment could be expected.

Three hypothetical beet sugar factories representing capacities
of 1,500, 3,000, and 4,500 tons of sugar beets sliced per 24 hour day
have been specified. The number of sugar beet acres serviced by each
plant, the sugar beet yields per acre and the percentage of sugar was
assumed to be representaﬁive of actual conditions. Sugar beet yields
were set at 16 tons per acre and sugar content at 15 percent of which
80 percent is recovered by each factory. The wholesale.price of sugar
is $9.00 per 100 weight. Beet pulp pellets and molasses are each $34.00
per ton. Sugar beet payment to growers were based on $16.00 per ton..
The average investment per factory (1,500, 3,000, 4,500 tons a day)
were set at 12, 15, and 18 million dollars respectively. 22/

The costs and returns for three separate sugar refineries are

reported in Tables LXV, LXVI, and LXVII. Under the conditions specified,

the rate of return on the.average investment was greatest in the

22/ Reports from sugar company officials suggest that the cost of
building a 1,500 and 3,000 ton-a-day factory would be 12 and 15

million dollars respectively. The larger plant (4,500 tons per day)

would cost nearly 24 million dollars.
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TABLE LXV. COST AND RETURNS OF A HYPOTHETICAL SUGAR REFINING FACTORY,
CAPACITY, 1,500 TONS OF SUGAR BEETS SLICED PER DAY, 1968. a/

INCOME :
SUGAR SALES (PRICE PER CWT. $9.00) a/ $5,184,000.00
PELLETED PULP SALES (PRICE PER TON $34.00) 408,000.00
BULK MOLASSES SALES (PRICE PER TON $34.00) 326,400.00
$5,918,400.00
EXPENSES: ' COST/CWT. REF. SUGAR

YARD EXPENSE $ .01 $ 5,760.00
SUPERVISION 14 80,640.00
LABORATORY .07 40,320.00
BEET SHED LABOR .04 23,040.00
FACTORY LABOR .50 288, 000. 00
CHEMICAL .06 _ 34,560.00
. COKE .10 57,600.00
LIMEROCK ) .21 120,960.00
WATER .. .01 5,760. 00
KNIVES .01 5,760.00
FILTERS ) .03 - 17,280.00
FUEL AND POWER (SUGAR) .26 149,760.00
FUEL (PULP DRYING) .20 ‘ 115,200.00
MAINTENANCE 41 ' 236,160.00
OTHER .02 11,520.00
SUGAR PAYMENTS AT $16.00 PER TON 3,840,000.00
TAXES (PROPERTY) ‘ 130,:000.00
TOTAL EXPENSES $5,162,320.00
NEW INCOME (BEFORE INCOME TAX DEPRECIATION AND INTEREST)  756,080.00
DEPRECIATION 220,000.00
NET INCOME (BEFORE INCOME TAX AND INTEREST) 536, 080.00

INVESTMENT, $12,000,000; RATE OF RETURN ON AVERAGE INVESTMENT,4 5 PERCENT.

a/ Acres of Beets, 15,000} yield, 16T/acres? total tons, 240, 000; sugar .
percentage,l5‘ tons of sugar, 36,0004 recoverdble sugat, ‘80 pércent;
tons of recoverable sugar, 28,800% recovérable sugar (cwt )" 576,000.
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TABLE LXVI. COSTS AND RETURNS OF A HYPOTHETICAL SUGAR REFINING FACTORY,
CAPACITY, 3,000 TONS OF SUGAR BEETS SLICED PER DAY, 1968.

INCOME : ‘
SUGAR SALES (PRICE PER CWT. $9.00) a/ $6,912,000.00
PELLETED PULP SALES (PRICE PER TON $34.00) 572,000.00
BULK MQLASSES SALES (PRICE PER TON $34.00) 460,800.00
TOTAL INCOME FROM SALES - $7,944,800.00

EXPENSES: COST/CWT. REF. SUGAR
YARD EXPENSE : $ .0L ' $ 7,680.00
SUPERVISION , .10 : 76,800.00
LABORATORY .05 38,400.00
BEET SHED LABOR .06 46,080.00
FACTORY LABOR .34 261,120.00
CHEMICAL .05 38,400.00
COKE .06 46,080.00
LIMEROCK .14 107,520.00
WATER ' .01 7,680.00 -
KNIVES .02 15,360.00
FILTERS » .01 7,680.00
FUEL AND POWER (SUGAR) : .28 215,040.00
FUEL (PULP DRYING) .20 153, 600..00
MAINTENANCE .38 291,840.00
OTHER .02 15,360.00
SUGAR PAYMENTS AT $16.00 PER TON ‘ 5,120,000. 00
TAXES (PROPERTY) 175,000.00
TOTAL EXPENSES $6,623,640.00
NET INCOME (BEFORE: INCOME TAX, DEPRECIATION AND INTEREST)$1,321,160.00

DEPRECIATION 500, 000. 00
NET INCOME (BEFORE INCOME TAX AND INTEREST) 821,160.00

INVESTMENT, $15,000,000; RATE OF RETURN ON AVERAGE INVESTMENT, 5.5 PERCENT.

a/ Acres of beetsy 20,0003 yield, 163 total toms,320,0003 sugar precentage,
153 tons of sugar, 48,0007 recoverable sugar,80 percent; tons of
recoverable sugar, 38,4003 fecoverable.sugar (cwt.) 768,000.
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TABLE LXVII. COST AND RETURNS OF A HYPOTHETICAL SUGAR REFINING FACTORY,
CAPACITY, 4,500 TONS OF SUGAR BEETS SLICED PER DAY, 1968.

INCOME:

SUGAR SALES (PRICE PER CWT. $9.00) a/
PELLETED PULP SALES (PRICE PER TON $34.00)
BULK MOLASSES SALES (PRICE PER TON $34.00)
TOTAL INCOME FROM SALES '

EXPENSES: COST/CWT. REF. SUGAR
YARD EXPENSE - $ .02
SUPERVISION 14
LABORATORY .08
BEET SHED LABOR .04
FACTORY LABOR .51
CHEMICAL - .08
COKE .05
LIMEROCK .10
WATER _ - .01
KNIVES . .02
FILTERS .02
FUEL AND POWER (SUGAR) <24
FUEL (PULP DRYING) : .20
MATNTENANCE .30
OTHER . .02

SUGAR PAYMENTS AT $16.00 PER TON
TAXES (PROPERTY)
TOTAL EXPENSES

$10,368,000.00

816,000.,00
652,000.00

$11,836,000.00

$

23,040.00
161,280.00
92,160.00
46,080.00
472,320.00
92,160.00 -
57,600.00
115,200. 00
11,520.00
23,040.00
23,040,00
276,480.00
230,400. 00
322,560.00
23,040.00

7,680,000.00

200,000.00

$9,849,920.00

NET INCOME (BEFORE INCOME TAX, DEPRECTIATION AND INTEREST) 1,986,080.00

DEPRECTATION L
NET INCOME (BEFORE INCOME TAX AND INTEREST

650,000.00

1,336,080.00

INVESTMENT, $18,000,000; RATE OF RETURN ON AVERAGE INVESTMENT, 7.4 PERCENT.

a/ Acres of beets, 30,000; yield 16T/acres; total -tomns, 480,000% sugar
percentage, 15} tons of sugar,72,0004 recoverable sugar, 80 percents
tons of recoverable sugary57,600; tecoverable sugar (cwit.) 1,152,000.
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largest factor& (7.4 percent). 23/ The smallest plant showed the
~smallest rate of return on average investment (4.5 percent).

The estimated cost of producing 100 pounds of sugar varies -among
each factory. The smallest plant produced sugar at $2.07 per 100 weight,
while the largest plant produced sugar at $l.7l’per 100 weight. Economies
of scale do exist as the 4,500 ton a day plant produced sugar at 36
cents per 100 weight.below the smallest plant and .02 cents lowe£ than
the middle sized plant. All factories have adequate returns to their

average investments.

Montana Sugar Refinery Expansion:

The Montana sugar refining capacity in 1966 measured in tons of
sugar beets sliced per 24 hour day was 8,000 toms. At this time, the
sugar beet slicing capacity has increased to nearly 8,400 tons per day.
Over the years a number of changes have been made in the three existing
refineries to increase their daily capacities (Table LXVIII).

According to sugar gompany.managemenp it is expected that the
capacity to slice sugar beets will be nearly 10,500 tons daily by 1970.
It is expected that by 1975 sugar refineries in Montana will slice

11,500 tons per day. It is not unreasonable to expect the sugar beet

23/ Assuming a $24 million cost the return on investmen; would be 5.6
percent.




TABLE LXVII.

CHANGES MADE IN THE INTERNAL STRUCTURE OF THREE.MONTANA.BEET.SUGAR PROCESSING
FACTORIES, . 1906-1968:

Holly Company, Hardin

Holly Comﬁany, Sidney ... ... . "

. Great.Western, .Billings. |

Erected 1937
Capacity 1800 T/D
Steffen - New-

Moved to Sidney 1925.
‘Capacity 1800 T/D
Steffen - Relocated

L Steffen - NeW”

Erected, 1906
Capacity, 1000 T/D

Sugar Proce551ng Equlpment ‘Changes_ ..

First carbonation
Improved beet
handling equipment
Beet pulp drying
equipment
Additional electric
power

Improved beet handling equipment. .

Continuous diffuser

New first carbonation
3
Additional first and second.
carbonation filters
Additional evaporators
Additional vacuum pans
New crystalllzers

New white centrifugals
New high raw centrifugals
New drying and cooling equipment

Additicnal boilers

New electrical generators

Additional bulk sugar. storage .bins.

New pulp_drying equipment

.New main engine

New boilers
New water line

New pans,.granulators, and
centrifugals

Additional pulp storage

New pulp drying equipment

New first carbonation station,

rotary filters, & centrifugals

Additional bulk sugar bins

New boilers

New second carbonation
system, sugar storage

Lime storage, lime handling
equipment ’

Additional second carbonation
facilities

New packaging machine

Improved water system
New beet slicers
Addltlonal bag machlnes

"New .sugar . pulverlzer

196768 Sugar Reflnlng Capacity

2500 T/D

..... . 4000 T/D. .

1900 T/D

- 28T -
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slicing capacity in Montana refineries to be near 13,500 tons per day
in 1980. 1In order to reach these future capacities a number of changes
will be made in the three factories (Table LXIX).

If sugar beet slicing capacity of 13,500 tons a day is reached in
1980, it will be sufficient to handle the estimated sugar beet supply.
At $17.50 per ton, it has been estimated that 127,000 acres of beets
should be produced. An average yield of 17 tons per acre would result
in 2,142,000 tons of beets. With a 13,500 tons a day slicing capacity,
159 processing days would be required to process them. . This represents
34 more days than current production requires.

The additional 34 days over current refinery operations of 125
would require that some sugar beets be held in storage from the middle
part of November until mid-March or 120 days. This is not an unreasonable
length of storage time, . but one would expect some sugar losées through
respiration. Again, two alternmatives are potentially available to reduce
sugar losses caused by longer storage requirements. They are (1)
improved storage technolegy (as previously discussed) and (2) the

development of '"thick' juice storage facilities.

Increased Capacity—--Thick Juice Storage:

The internal structure-of the plant would be modified to increase thick
juice storage. The slicing, diffusion,'purification, and evaporation
facilities must have a greater daily capacity than the crystallizationm,

centrifuging, Steffen process, and packaging equipment. In a given day




TABLE LXIX.

PLANNED CHANGES TO BE MADE IN THE INTERNAL..STRUCTURE. OF. THREE MONTANA BEET SUGAR
PROCESSING FACTORIES 1969—1980

1967-68 capacity

Holly Company, Hardin

Holly .Company,..Sidney...

1900 T/D

- 4000 T/D

Expected
Processing
Machine
Modification

1970 capacity
1975 capacity
1980 capacity

Slow Diffuser
Automatic centrifugals
Automatic carbonation

2100 T/D
2700 T/D
3000 T/D

New diffuser

Automatic -centrifugals
New boilers-

.New power system

‘gas ‘heating
New pulp drying
machinery
New .beet unloading
facilities on
..railroad spur
New lime kiln
New carbonation

4400 T/D
4400 T/D

5000 T/D- -

Not.available, however,
indications are
that changes will be
made to increase
capacity.

4400 T/D
4400 T/D
5000-T/D -~ -

- ¥8T -
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more thick juice would be produced than could be crystallized, but
additional vats or tanks could be installed to handle the excess which
could be crystallized at a later date.

The Holly Sugar Cbmpany has developed thick juice storage techniques.
Their plant at.Hereford, Texas, contructed in 1964, has a beet slicing
capacity of 6,500 tons per day. However, only 4,000 tons of sugar beets
could possibly be hgndled by the total factory facilities in a given
day. Thick juice from 2,500 tons of beets per day is stored for future
processing.

There appears to be four advantages to delayed processing:

(1) 1If the slicing, diffusion, purification, and/or evaporation
systems were to temporarily fails.theréby eliminating "the
supply of -thick juices for crystallization, sugar processing
could continue by utilizing the stored thick juices;

(2) Likewise, if the crystallization, centrifugals or packaging
were to temporarily break down, slicing, .diffusion, purifying,
and evaporation could continue by storing the thick juice
pfoducédaunﬁil'repéirs coild be mdde.

(3) The utilization of the factory would be increased, i.e.,
the numbef of days the factory operated would be increased
by drawing from thick juice supplies after harvested beets
have all ‘been sliced.

(4) By increasing the capacity oﬁ slicing, diffusion, purification,
and evaporation facilities, the time sugar beets are held in

storage is minimized.




CHAPTER X

SUMMARY AND CONCLUSIONS

Summary

The sugar beet and sugar cane industry in the United States produces
approximately 40 percent of domestic annual consumption. Sixty percent
of the United -States sugar supplies are imported from Hawaii, Puerto
Rico, the Virgin. Islands, and 30 other aréas:; United States sugar consumers
(household aﬁd industry) could find themselves in sho?t supply if off-
mainland and foreign sugar supplies were to be restricted from'the
United States domestic market for one reason or another.

A number of factors could be responsible for restricting’foreign
sugar from the domestic markets. Among these factors are fofeign crop
failures, changes in tariff and trade agreements, diSagreements with
exporting countries, and modifications in‘domestic sugar policy. Other
factors that .could influence‘thé supply_of sugar in the United States
are changes in beet productionq sugér manufacturing technology, and
the economic relationship of sugar beets to other competing crops.

The Montana sugar industry accounts for 674 percent of -domestic
sugar supplies, Any .changes in the»world or domestic marketing channels
that may affect the United States sugar industry will also influence the
Montana industry.

The problem of this research was to estimate potential Montana sugar
supplies at alternative sugar beet prices for 1980. Consideration was

given to sugar beet production as well as beet sugar manufacturing.
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Five sugar beet producing regions were specified in Montana as the
primary production areas for 1980. Three discontinuous sugar beet supply
estimates were made for each of three regions. The estimates were
generated by using ’variable price linear programming. Me;hodelogically,
two sugar beet supply responses-were made by using the defined production
regions as the responding unit. In contrast the third supply estimate
was made by using a set.of typical farms as the responding unit. Two
additional regions were programmed for the purpose of estimating regional
but not.typical farm sugar beet supply respomnse.

An examination of the sugar processing industry was made. Four
means of increasing the sugar proeessing capacity of Montana were discussed:
(1) increased sugar beet storage time, (2) new factories, (3) additions

to existing refineries, and (4) thick juice storage.

Sugar Beet Production

The Potential for farmers in Montana to produce sugar beets depends
on a number of factors. Among these factors are. the availability and
cost of irrigated'land, labor, capital, and water. Other variables that
effect potential sugar beet production are governmental controls, factory
capacity, farmer preferences, sugar beet prices relative to competing
crops and the weather. Ideally, all of these factors should be taken
into account simultaneously in order to estimate an accurate sugar beet
supply response for Montana. -

In this study, land, labor, and the cost of water were specified as

the factors restricting the production of sugar beets. The availability

i
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of some types of labor and .all capital were recognized .as restrictidns :

to sugar beet production, but were assumed to be unlimited for the purpose
of this research. Governmental controls were not assumed to be in effect
in 1980. ’It was assumed that normal weather patterns would exist in the
defined sugar beet producing regions of Montana in 1980. Grower pre-
ferences for specific crop production was largely ignored even though

in one model an attempt was made to specify rotation patterns and uses

in terms of observed management practices.

The analysis of five sugar beet pfoducing regions in Montana using
variablé price programming suggest that potatoes are more c&mpetitive
for scarce productive resources than sugar beets. This conélusion is
reached based on projected prices for irrigated crops and Projected
resource costs. Those crop rotations consisting in part of potatoes were
consistently selected by the model for the highest quality irrigated
land in all regions studied at -sugar beet prices ranging from $14.00
per ton to $18.00 per ton. Only those rotation that consisted of more
fhan one year of sugar beets and those having a.combination of sugar
beets and potatoes were as competitive for resources as ﬁotato rotations
at sugar beet prices below $18.00 per tomn.

If the projected number of available farm family labor working hours
is realized and if seasonal migrant labor supplies remain, for all
purposes unlimited, it i$ reasonable to expect sugar beet production to
expand beyond the current capacity of the beet sugar manufacturing

facilities in Montana at $17.50 per ton. However, two unknowns,
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government production controls, and factory contract asgignments, could
limit beet production to the existing factory capacity of 8,4001tons
per day at that price.

There are three sugar beet producing regions in Montana that -are
located in eXCGSS‘OfMZOO miles from sugar refining facilities. Based
on the regional analysis there would be no sugar beet production in
Ravalli County (350 miles from a factory) in 1980 given that potatoes
maintain their competitive price position. One need not include trans—
portation costs to see that the former American Crystal Factory District
is a marginal sugar beet producing area. Sugar beet production in the
Townsend Valléy (200 miles from a.factory) is stimulated by sugar beet
prices in excess of $20.00 per.ton. Adding shipping charges of $2.00
per tomn may be further evidence that sugar beets are not competitive
at projected prices. The farmers in the northern sugar beet district of
Regional Farm III, 220 miles from a sugar refining factory, could produce.
a sufficient amount of beets at $17.50 per ton to merit further consid-
erations of a processing facility. Programmed results indicate that at
equilibrium prices sugar beets would be grown on thé highest quality-

land. Also, it is noted that the northern area does not have a serious

competitor to the sugar beets crop.

Sugar Beet Processing

There are three beet sugar refining facilities in Montana. The .
processing of sugar beets requires an extensive capital investment

(refinery) that is operated less than 130, 24 hour -days. In the off
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season, a maintenance,crew, administrdtive personnel, and agricultutal
specialists are required to be at the factory to render assistance to
sugar beet growers and maintain the factory. The full burden'of plant
overhead is met only when the factory is operated near full capacity.
Economic theory suggests that plants operating at less than optimum size
at less than an optimum rate may find costs depleting essential profit
margins. For example, the American Crystal Sugar Company discontinued
doing business at Missoula, Montana, in 1966 because sugar beet supplies
were not large enough to operate the relatively small factory at full
capacity for more than 60 days.

Consideripg the combined size of the existing beet sugar refineries
in Montana and utilizing the most conservative sugar beet production
estimate.for 1980, at $l7i50 per ton (127,000 acres of 2,159,000 tons
at 17 tons per -acre) Montana processing capacity is not large enough
to‘process projected sugar beet supplies in 125 days. Beet storage
problems restrict factory operation much beyond 125 days.

There are two economic considerations apparent in altering the
capacity of the Montana béet sugar industry. The first economic
consideration is to increase the industry capacity by more fully utilizing
existing factories. The alternativesappear té warrant consideration..
of: (1) increasing the time sugar beets are held in storage and (2)
developing storage facilities for thick juice storage. Both of these
alternatives even though potentially possible will require additional
study before a definite statement can be made concerning their economic

feasibility. The second economic consideration would be to increase the
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size of existing facilities by (1) expanding the internal structure of
existing factories or (2) add a new refinery to the Montana sugar market
structure. Expanding the intermal structure of plant facilities will
occur in Montana by 1980 according to sugar company officials. It is
expected that daily slicing capacity will increase from 8,400 tons per
day to 133500 tons per day by 1980 (including two factories in excess
of 4,000 tons per day). Cost and returns data developed suggest that
larger plant sizes (3,000 and 4,500 tons per day) can be operated pro-
fitably din Montaﬂa. The expansion of the internal plant mechanism will
most likely follow along the patterns required by the lime extraction
process rather than the ionization process.

New plant construction is not récommended for the regions studied
except in Region III, District 3 (Northern Montana). A cursory examination
reveals that a sufficient amount of high .quality land and water are-
available. Transportation facilities (road and railvsystems) appear
adequate for moving resources to plant locations and fiqal products, to
markgts exogeneous to Montana.

In the opinion of the-author, an economic feasibility study concerning
the establishment of a sugar refining facility in some location in
Phillips, Blaine, Hill, Teton, or Pondera counties is justified based
on the estimated sugar beet,supplf responsé in the distriqt for 1980

at beet prices mnear $17.50 per ton.
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Methodological Considerations

Implied in the literature concerning the alternative methods of
estimating the supply of a given commodity, is the idea that a supply
estima;e based on a region as the res;onding unit is inferior to similar
estimates derived from representative farms. 1/ This conclusion may
not be fully warranted. Therefore, the advantages and disadvantages
of a regional and typical farm supply response model are analyzed,
based on the results of this study.

In this study selected regions were subdivided into districts.,

The resources of each district are assumed to be homogenous. By summing
the district resource levels, regional résource limits are established. -
In using benchmark farm models, resources are assumed to be. homogenous
among farms specified as typical.

" Both regional and typical farm supply response models require
budget data to quantify the objective‘function (alternative activities).
In the case of a.regional model, datalreflecting the average farm in a
district serves as the cost gnd return criteria in developing net revenue
coefficients. The representative farm model requires specific data
about repfesentative farms. A major disadvantage with the regional.

analysis is the average farm concept. In averaging costs and resource

requirements, Hartley concluded, that serious aggregation bias might

1/ Earl O. Heady, et. al., Agricultural Supply"Functipns, op. cit., p. 18
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exist at the extreme ends of the price rangé considered. 2/ Averaging
over a wide spectrum of farm sizes-and types in either a regional or
typical farm supply response model is undesirable.

The research resources that are needed to gather pertinent supply
response information may be more efficiently used if a regional model
is specified. The assertion is.based on (1) aggregated resource.levels
are gathered easily and at-a relative small cost from government agencies
and bureaus and (2) farm numbers and sizes do not have to be projected
by unrefined techniques. 3/

Typical farm supply response models require that the number of farms
by benchmark specifications be projected for the purpose ;f egpanding
the individual benchmark farm supply estimates to regional size. Models
using the region as a responding unit require‘no such projections which
is advantageéus for two reasons: (1) one less operation involved in
estimating supply and (2) minimization of a type of specification error.
One type of specification error developes when regression and/or Markov
Chain Techniques are used'to project farm size and numbers.

These techniques may cause specification error because of the assump-
tion that past.trends reflect future happenings. However, these.techniques

do not take into account structural changes that occur over time.

2/ H. 0. Hartley, "Total Supply Functions Estimated From Farm Survey'",
North Central Farm Management -Research Committee Paper, March 1962.

3/ Criticism of Markov Chains and regression techniques used for this
purpose, see Gerald W. Dean, et. al., "Supply Functions for Cotton
in Imperial Valley, California, op. cit., pp..3-6.
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If Fhe end product desired in ‘estimating the supply of a commodity
is information about the response of specific farm sizes or types then
the répresentative farm model is the best choice even if other moaels, in
the aggregate, are '"better". However, if -information concerning the
response, collectively of all farmers in .the region is desired, for
policy considerations, then a regibnal response model is advantageous.

The results of a regional model suggest only what will happen at the
regional level. Nothing is porporated about individual farmers within the
region.

A number of methods have been devised for the purpose.of'selecting
typical fa?ms. Among these methods are: (1) average resource usSe,

(2) size, (3) most limiting resource, (4) resource ratio use, and (5)

type of farm. Problems in using and allocating research time and resources
to the selection of a megningful selecfion criteria is avoided 1in

regional supply analysié.

In summary it is difficult to say'that the estimation.of supply can
be done more effectively using regional or typical farm models per se.
Which model is best depends on the purpose and information desired.

If information about individual farm units is needed and fesearch resources
are not limited, then typical farm models appear to represent'the best |
alternative. However, if collective data is all that is necessary, then

a regional supply estimate may be desirable.
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APPENDIX I

RESEARCH CONCERNING THE SUGAR INDUSTRY IN MONTANA COMPLETED BY THE
MONTANA STATE AGRICULTURAL EXPERIMENT STATION,
MONTANA STATE UNIVERSITY

Bulletin Number. . Title ] Date
19 The Sugar Beet in Montana 1898
33 Sugar Beets in Montana, The Crop of 1901 1902
41 Sugar -Beets, The  Crop -of 1902 1902
52 . - Sugar Beets - 1903
129 . Farm Practice in Growing Sugar :Beets-in the

Billings Region of Montana ’ 1919
215 Experiments with Sugar -Beets S0 1928
232 Successful Farming Practices-in .the~Billings
Beets- Region . 1930
237 (Revised) Irrigating Field Crops in-Montana ' 1955
292 - Grow 20-Ton Sugar Beets . 1956
389 . Life History and Control-of the Sugar
Beet Webworm - 1941
413 x Biochemical Studies:on the Subar Beet ‘Webworm Co 1943
419 Diseases of Sugar' Beets- in' Crop ‘Rotations at
the ‘Huntley- Branch- Station,: Huntley Montana
from 1936 -to 1941. 1943
427 - Sugar Beet -Diseases- and -Their-Control in
- Montana g 1945
491 - Physiology of  Growth Sugar-Accumulation and
- :Mineral Intake of Sugar -Beets -in Montana 1953
494 »» - Estimated Water -Requirements:of:-Crops in

. Irrigated -Areas of Montana 1953
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Bulletin Number . . . ... . Title. ) oL ] .. Date
525 Sugar Beet -Productionin-Montana - 1956
535 Irrigated Crop Rotations 1958
600 Effects on Nitrogen Phosphorus and -Manure
Fertilization on Irrigated-Crops in a Six—Year
Rotation ‘ 1966
Circular No. ’ Titlet'q . Date -
29 Irrigation Practice:in Montana 11913
42 Sugar—-Beet -Webworm _ : 1914
162 : The Subar-Beet Webworm' in Montana 1941
168 Sugar Substitutes and Their Uses 1942
171, 177, 182 1943, 44, 45,
198, 208 . Field Crop Varieties in-Montana 52, and 56
183 Sugar Substitutes and Their Uses in .
Canning and Baking ‘ 1945
205 Irrigation of Sugar Beets 1954

Other Articles

H. E. Morris and M. M. Afanasiei, Growing :SugarBeets :Following:Alfalfa
in- Montana (Reprinted from Proceedings-Fourth General Meeting=-1946
American: Society Sugar Beet Technologists) Paper:78-Journal Series.

H. E. Morris,..Simulated Hail:Damage: to:-Sugar Beets; -(Contribution from
Montana State College, Botany and Bacteriology: Department,-Agricultural
Experiment Station) Paper No. 194, -Journal Series.

W. E. Carlson; Mineral~Assimilation—-of Sugar-Beets,  (Contribution from
the Chemistry Department, Montana State  Experiment: Station, Journal
Series, No. 161l.) (Reprinted from the- 1942 Annals-:of'the American
Society of Sugar-Beet' Technologists.)
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Other Articles (continued)

M. M. Afanasiev and W. E. Carlson,'-The' Relation:of:Phosphorus:and Nitrogen

' Ratio to the:Amount' of-Seedling-Diseases:of-Sugar-Beets. - (Contribution
from Montana State College,'Agricultural'Experiment“Statibn;-Paper
No. 163, Journal Series.) Reprinted: from the 1942 Annals of the
American Society -of Sugar-Beet' Technologists.

M. M. Afanasiev, H. E. Morris and E. E. Frahm,.Physiology::of' Growth,
Sugar Accumulation .and:Mineral:Intake:of Sugar Beets.: (Contribution
from Montana State College, Botany and Bacteriology, and Chemistry
Departments, -Agricultural Experiment Station, .Paper No. 232 Journal -
Series.) - (Reprinted from 1950--Proceedings American Society  of Sugar
Beet Technologists.)

M. M. Afanasiev, Effect  of-Seed--Treatmentson:Seedling Diseages- of-Beets
Planted-in:.the.-Green--House«in -Highly:Infested-:Soil, (Comtribution
from Montana' State College, Botany-and Bacteriology' Department
Agricultural Experiment Station, -Paper .202, Journal Series.)

H. E. Morris,; Simulated. Hail:Damage..toSugar:Beets .1948-=49, - (Contribution
from Montana State Collége, Botany-and -Bacteriology -Department,
Agricultural Experiment Station, Paper No.:233; Journal-.Series.)
(Reprinted from 1950 Proceedings American:.Society. of Sugar Beet
Technologists.)

M. M. Afanasiev and H. E. Morrisy Control of Seedling:Diseases- of Sugar
Beets-in Montana, (Contribution from Montana State College,
Agricultural Experiment Station, Paper ‘No..-151, Journal Series.
(Reprinted from Phytopathology, June, .1942, Vol. XXXII, No. 6,
pp. 477-486.)

W. E. Larson,:Response-of: Sugar: Beets to-Potassium Fertilization in
Relation:to .Soil: Physical: and-Moisture' Conditions,' Joint- contribution
from the Soil and Water Conservation Branch, A. R. S., United States
Department of Agriculture, and the Montana Agricultural .Experiment
Station. (Repriﬁted from Soil- Science- Society: of-.American- Proceedings,
Vol. 18, No. 3, July 1954.)

Glenn P. Hartman., Sugar- Beet  Experiments;, Eastern Montana' Branch Station of
the Montana  Agricultural Experimentation, Sidney, Montana, 1967.

Glenn P. Hartman, Sugar- Beet Experiments, Eastern Montana Branch‘Station
of the Montana Agricultural Experimentation, Sidney, Montana, 1968.
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COSTS AND RETURNS FOR- SELECTED- SUGAR' BEET' GROWERS::IN-MONTANA
INCLUDING COMPETITIVE IRRIGATED-CROPS AND-LIVESTOCK .OPERATIONS

DEPARTMENT OF- AGRICULTURAL ECONOMICS, MONTANA- STATE - UNIVERSITY,
BOZEMAN, - MONTANA '

This work is' being done in conjunction with .the .Montana: State
Beet Committee, established and' appointed- by Governor- Babcock,
and the-National Council of Governor's Sugar Beet Committees.

Irrig. Crop

Irrig. Past.

Dry Land
Grazing
Total
Livestock ggﬂggrs Leased Total

Beef Cows

Beef Feeders’

Dairy Cows

- Barley

Ewes and Rams

Oats

Lamb Feeders

Sows

Poultry

Sugar Beets

CONFIDENTIAL
Name Address-.".
Farm Location Date _
1966
INVENTORIES Total Average
- Acres Irrigated. 1966 Prod- 5 year
Land Owned Rented Totals Crops Acres Yield tion- Yield

Dry Beans

COrn~grain

Corn-silage

Potatoes

Alf. Hay

Other hay

Wheat
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What crop rotation is being followed? ¥~

How long has this rotation been .used? v

What changes in the rotation plan do you expect in the' futurel- ..

Family Labor

=0 9

What percentage of your time--do you spend worklng on .the .farm
Type of work off farm

How many members of the family work on the farm?
(Llst the members and the percentage of time worked-on the farm)

Member %Z Time on Farm Work % Crop % Livestock

What is the nature of your rental agreement?
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SEASONAL AND: PART-TIME HIRED LABOR

NOR. VALUE TOTAL
WORK OPER.| NUM. HOU S~ OF COST
DAY A OF COST ING OTHER PER
CROP (HOURS) TIME | MEN | PER: HOUR- |. PER..ACRE COSTS |. BENEEITS..| CROP
-+ FULL TIME HIRED-® LABOR
Normal
Hours Cash Additional
Worker Worked Salary Benefits . Value
. Normal
Total Percent Percent Work
Housing Annual Time Time Day
Value Cost Crop Livestock Hours
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N

What is the source of your irrigation water in 19662

How much water did you use in 19667

What was the cash payment for this water in 1966?

In addition to this cash payment, did you supply any equipment, materials or
labor for work on off-farm irrigation facilities in 19667

Amount - Estimated Value
Equipment
Materials
Labor
Estimate water use by crop in 1966.
Amount per Total water
Crop # Irrigations irrigation/acre . Used/Acre

What method is used for measuring the amount of water?
a. Delivered to the farm
b. Used on farm

Did you have adequate water in 19667
a. If yes, could you have purchased more?
b. If no, how much more water would you have been Wllllng to purchase at
the same price as paid for your other water?

If you were short of water, how do you ration your water -to the different
crops?

Do you farm any land .as dryland which could be irrigated with your present
system? How much in 19667

Do you have any drainage problems? ‘ What would be' required to
.correct these drainage problems?

What method of irrigation do you use?
a, What is the capital value of your irrigation equipment?
b. What does it cost to maintain this equipment each .year?
c. Using your equipment, what did it cost to apply water in 19667

Hired labor ' : . Family
Power e Other

Was 1966 a fairly "mormal" year for you with respect to water?

If not, how did it differ from a 'normal' year?
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INVENTORY CONTINUED

Buildings and Improvements Used in: 1966

Year Built Useful Salvage
Unit or Purch. Cost Life - __Value

. Total

Annual

. Maint.

Dep.
Value

Specific
Unit
Use
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INVENTORY CONTINUED

All Farm Machinery  Inventory- in Use, 1966

Unit Year Useful
Make 18ize| Model| Purch. |Cost Life

Sal.
Value

Annual
Repairs

Dep.
Val.

Tractors

Fert. Spr.

Manure spr.

Trailers

Plows

Disc

Spike Har.

Sp. Tine Har.-

Roller

Leveler

Float

Planters

Thinner

Cultivators

Ditcher

Sprayer

Irrigation Eq.

Harvesting Eq.’
Swather

Rake

Mower

Baler

Stacker

Beet dig

Topper

" Combine

Corn Chop.

Corn Pick

Trucks

Shop tools

Automobile

Others
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LABOR INPUTS PER ACRE FOR. MEN, MACHINE, TRACTORS.-AND..FRUCKS..

(Start with first crop in rotation)

Yield per 1966 Value of
Crop Acres Acre Value Byproduct
Hours per acre or
acres per hour
L Machine Times (Identify tractor
Operation ! Width . Over ‘size  and type)

Land Preparation

Fertilizing

Planting

~Weed and -Insect Control

Thinning

Cultivation

Irrigation

.

Topping

Harvesting

Hauling




FERTILIZER, MANURE, AND CHEMICAL INPUTS COST PER ACRE FOR

Kind of Input .

Pounds
Per Acre
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CROP

Cost
'Applied |Per
Acres Acre

Cost
Application
If Hired

Fertilizer

Totals for Fertilizer $
Unit Per Method &
Sprays Acre Purpose of
(Lbs., gal.) Application
Total ‘ $
Dusts
Total $
Manure
Total $ "
Others
Total $




SEEDING RATES AND COST

Crop

Seeding Rate
Per Acre

-.207 -

Grade., Vafiety

Cost of Seed
Per Pound..

Acres
Seeded

Sugar beets

Alfalfa

Beans

Corn

Wheat

Barley

Oats

Peas

Grasses

1.

2. -
3.

Potatoes

Others -

Comments:




APPENDIX IIIX
HISTORY OF THE' BEET' SUGAR INDUSTRY' IN: MONTANA

The recovery of sugar from beets took:place in: Montana on- a- non-
commercial basis in- 1898. Many farmers from throughout- the  State
cooperated with: experiment station personnel- at' the Montana College of
Agriculture (Montana State University' at Bozeman) for' the' purpose of
determining the:r feasibility of sugar beet production and beet sucrose
manufacturing. Early reports indicate that:Montana farmers could produce
sugar beets of a high enough quality to merit a refining: factory.- ~Early
experimental data gathered from 58 farmers showed.that Sugar‘beet;-grpwn
with minimum amounts' of management- yielded  13.41 percent sugar. 1/

During 1901 sugar beet’ growers in 17 Montana: counties: reported: yields up
to 18.79 tons per acre with 15.30 percent' sugar: content.

Because sugar beet- growers in Montana had grown economical: beet yields
and because the sugar' content of'Montané?sugar:beets~waswadequaté, a-
strong effort was made' to' secure-a' beet: sugar: refinery:for-Montana. 2/
Traphagen, in his. sugar refinery-feasibility:study;,. indicated the: economic
benefits that would accure to a community supporting: a beet sugar:factory.

Requisites for a successul  factory included high: sugar beet- yields, water,

1/ . Traphagen,  The'Sugar: Beet in: Montana, No. 19, op. cit., p.76.

2/ F. W. Traphagen: Sugar’ Beets in Montana, Montana Experiment Station
Bulletin No. 33, Agriculture College of Montana, 1901l. During 1902
Colorado reported mnine sugar factories in operation. . Utah had four
operating beet sugar refineries and Idaho and-Washington-had one -each..
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drainage, and financing. The procedure. that-businessmen:-should: follow
to secure a factory was presented;__g/

The work of Traphagen and others is7thought to hawe. been successful
in interesting sugar -companies in Montana refinery. locations. The Great
Western Sugar Company constructed a sugar: factory. at-Billings, Montana,
in 1906.

The factory, consisting of five buildings. of which. the main-plant
would be' 82 by 312 feet and five stories high;, would: haver a-daily slicing
capaciﬁy of 1,000 tons -of beets. "4/ . Sugar: beets. from 5,500: acres
totalling 55,200: tons' were processed in the.-1906-07. campaign... Sugar
was reported to be 18.19 percent of the harwested. beet: crop.

Even though a number of problems: plagued -the:. factory operation in
Billings,'the Great Western sugar  factory grew. . By: 1910 the  Company
had purchased a number:of~farm§ for. experimental. purposes.-and. growers in
the Huntley irrigation project as. well as. farmers:-at Belfry, Montana, were
shipping sugar beets to Billings;"'There were. over  15,000. acres: of sugar
beets ha;vested‘in 1911. -5/ Becauser of thersuccess:of: thes Billings: sugar
refinery, petitions:were  made" to: build new plants. in: the:Clark~Fork area

(Western Slope) and. in the Big® Horn- Basin. of Wyoming. The Clark Fork,

3/ F. W. Traphagen, Sugar Beets, Montana Experiment Station Bulletin No.
52, Agricultural College of Montana, -Bozeman, 1904, pp. 3-12. .

4/ -M. C, List, et. al., "History of the Billings Factory-District of
the Great Western Sugar Company'', Unpublished manuscript' loaned to

the author by James Lyon, Great Western Sugar  Company.

5/ Ibid. p.
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Mbnfana, factory petition failed but the Great Western Sugar;Company
established - a refinery at Missoula, Montana, in 1917.

During this same year (1917), Amalgamated  Sugar Company .of Ogden,
Utah, made plans to erect a sugar factory at- Whitehall,-Montana.' Reports
indicate that $200,000 was pledged by the' residents  of Whitehall to
support the factory. Nearly 7,000 acres-.of sugar beets were  contracted
for the 1918 Jefferson-Valley Sugar  Company- campaign by .growers in
Madison and Jeffersoﬁ Counties. 6/ The factory never went- into. pro-
duction because the potential- to- grow high yield .and quality sugar beets
was not .thoroughly ascertained. The growing seaspn .in .the-Whitehall area
was much too short to guarantee the  high quality sugar beets desired. 7/
The factory was removed to Utah in 1918,

Prior to 1925 only éhe Great Western Sugar refinery at Billings had
successfully operated. The Great Western factory-at-Missoula-failed and
it was moved to Mitchell, Nebraska;: Other  sugar: companies, however, were
interested in Moﬁtana.

The Holly Sugar corporation moved a sugar refinery from Anaheim,
California, to Sidney, Montana, in 1925.*4The-initial'slicing capacity of

the Sidney plant was 1800 tons of beets per 24-hour- day.- Another Holly

6/ Ibid. p. 30.

7/ Jefferson Valley News; Vol. 5, No. 15, October 18, 1917, p. 1.
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refinery was established at Hardin, Montana3'iﬁul937; The' plant had a
capacity of lSOO-togs of beéts per day. 8/ °

During the-l927_sugar‘campaign Amalgamated: Sugar Company  at Cornish,
Utah failed. The equipment- from the: factory was- instaliled in' a new
factory built- by Améigamated at Missoula, Montana. 9/ There were 20,708
tons of sugar beets processed in- 1928 at-Missoula'by-Amalgamated.

The Amalgamated -Sugar  Company- experienced financial :difficulties in
1929. The American Beet Sugar Company purchased- 96 perceﬁt of the  common
stock of Amalgdmated: gaining control of' the' company. The name .of the
American Beet Sugar  Company was eventually: changed to American: Crystal
Sugar Company and in 1936 American Crystal purchased the Amalgamated
refinery in Missoula. 10/ The plant-was' operated-.through the 1966
sugar campaign. A number- of  reasons have-been- hypothesized in explainiﬂg
the failure of .the American.Crystal factory:: .Among: these- reasons- were
(1) the lack of sufficient- beet- tonnage, .(2) poor quality- beets,

(3) dwindling grower-factory' relationships; wand- (4): weather,
' TheLUtah—Idaho sugar company in 1925 moved its Yakima, Washington,

factory to Chinook, Montana because’ of white .fly infestations in the

§j P. M. Rosenow, Northern Agricultural Manager, Holly Sugar Corporation,
Fargo, North Dakota.

9/ J. R. Bachman,’ Story' of the Amalgamated Sugar’ Company, The Claxton
Printers, Ltd.: Caldwell, Idaho, 1962, p. 97.

10/ Ibid., p. 129.
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Yakima Valley- :l%/ .The factory‘operated-unti1.1952‘whenuit‘Was:dismanLled
and moved to Moses Lake,  Washington. 'IthwaS'thought’that'weathérfwas the
major factor in motivating.the .move. Two' successive' years:of  sugar-.beets
frozen in the ground=before'harvesé'prevented#satisfactory*operatioﬁs.
During the 1967-68' sugar campaign' in' Montana, three: factories were in
operation.’ The Great Western Sugar  factory which .now process: in".excess of
4,000 tons per day, and the Holly Sugar Company with' refineries-at-.Sidney
and Hardin. The'comgined Montana sugar’processing capacity is 8,400 tons

of sugar beets sliced per- day.

11/ Fred G. Taylor, A Saga of Sugar, Utah-Idaho.Sugar Company, Deseret
News Press, 1944, pp. 174-176.
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