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‘A REVIEW OF SPATIAL EQUILIBRIUM
'MODELS OF THE CROP SECTOR

'ﬂstephe”-w"ﬁul‘ér o

The purpose of thlS paper is. to l) ldentify”previously con-ﬁ
structed spatlal equnllbrlum models of the crOp sector, and 2) pro—
v:de suffncnent detall of- each model to permlt researchers to evaluate
Mthelr merlts | B
All: revcewed models; ekcept a model by Taylor, Blokland and Swan-

: son, were formulated as cost mlnlmuzang llnear programmlng models 51
The Taylor, Blokland and Swanson model maxumlzed producers plus consumers
-surplus and was formulated in a maX|m52|ng llnear programmlng framework

: The follownng orderlng of dlscussed models is arbstrary and |mplles

no preferences

x;THE'IOWATSTATETHH|VERSITY HODEL |
The flrst comprehen5|ve spatlal equnllbrlum model of the crop sector
‘was developed by Egbert and Heady at lowa State Unlver5|ty in the 1950'

The lowa State model'determlnes theﬂleast-cost productlon lOC3tIQﬂ,Of each
crop,_graln'shlpments between.reglons and utlllzeditransportatlon'model 1]
.9Slnce‘lts developmentu the model has been updated and modlfled to answer x

'numerous questlons Recently, Fedeler, Heady and Koo [3] employed the
wlfmodel to answer questlons regardlng the effect of alternat|ve transportatlon

‘systems on least cost locatlons of graln productlon and |nterreg|onal
'";graln flows | Because the Fedeler Heady and Koo study represents one of
lthe most recent uses of the.lowa State model the follow1ng dlscu5510n of -

:model characterlstlcs is taken from publlcatlons descrlblng thelr work



Producing Regions

One hundreduahd‘fffty-twovproduction regions are déliheated for
the forty-eight cbhtiguous states. A town of city near the geographfcal
center of the regibn représentédvthe origin of the grain produced in the
region. (Figure 1) For each»rééion,iall costs, except land, are cal-
culated for crops whféh may bé produced in the region. vGrains included
are wheat, soybeans,:corn, oafs, barley and gkain sorghﬁm; the last
four are aggregated into one commodity, feedgrain, on the basis of
their feed values. Cottén is included because it competes wfth grain
for cropland and céttonseed is a major substitute for soybeans. Acreage
bounds for each region are spécified as a substitute for other constraiﬁts
thét diséourage éfop»productiOn specializatiqn._ These Bounds permit
crdp acreéges to:féhge from 20% below to 20% above 1969 actual acreages,
except upper Iimi£s on soybean acreages are restricted to 50% of the
available land orv1969 aéfeage, whichever is larger. Thé amount of crop

shipped from a region is constrained to be no more than regional production.

. Coﬁéuﬁing‘Regions

The forty-eight contiguous states ére‘partitioned into 73 regions
of domestic.démand. (Figure 2) All regions have a demand for feedgrains
and whéat, but‘only L2 have soybean demands. Fourteen regions are identi-
fied as regionS’of expért demand fof grain. Nine of the fourteen regions
are specified as domestic coﬁsuming regions; therefore, 78 domestib and
.export demand.regions result,v A center of transportation and commerce
was identified in each fégion and represented the»location‘of that region's

~ demands.
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Total nationai'demandstare projected toii980."LDemands.for lfve-
stock feed are deraved from projected per caplta demand fordllvestock.
products adJusted for net fore|gn trade and dlrect grain demands for
horses, mules and other llvestock Demand prOJectlons include. nndustrlal
uses of‘grain'such’as cereal dry processnng, wet processnng;.fIOur, -

"~ alcohol, malt, etc;' Per cap:ta demands ‘are based on commodlty prlce
lndexes, real per caplta income and tlme Two Ievels of graln exports
_are consndered Annua] demands. for feedgralns and soybeans are allo-
cated to two pertods, December March and Aprll November because ‘the
Mlssourl Rlver, Upper Mzssassnppl Rlver and Great Lakes are not navuoable

in W|nter,_ Reglonal wheat demands:were on’ an annual basrs;

nTransportation Costs

.The model reQUires‘knowTedQe of‘transportation costsdbetween each
_productlon reguon and consumlng region by crop and tlme perlod ‘ The costs
of mOVIng graln by rail ‘water, truck and comblnatlons of the three are
‘ estlmated. The transportataon costs are those encountered by the trans-
portatfonllndustry, i.e. costs.rather than rates are-employed. ‘No trans-
portation costS'are‘appjjeddto movements of‘grajn from a producing regionv
to a consuming region’if part or all ofv;he producjng region lies nithin
l.the consumingvregfon. - L

Graln loading and unload;ng costs at‘graln elevators are added to
'transportatlon costs slnce these handllng costs are effected by utlllzed
;transportatton mode Whenever grain is transferred from one transportatlon
imode to another while enroute, the e]evator handlnng costs for unloadlng

«and.reloadsng are~added to tranSportatlon,costs.



The Fedeler,*Héady and Koo study focused on transportation ac-
tivities and investigated ten alternative model specifications. They
were:

1. The base model which included a 1972 interregional

cost structure with demands and yields projected for
normal or average conditions for 1980 based on past
trends.

2. A rail syStém with shipments in 50 car units.

3. A 10% incréase in all rail costs.

L, A 20% increase in all rail costs.

5. A 10% increase in all barge costs.

6. A 20% increase in all barge costs.

7. An alternative single car rail transport system which

reduced the variable and increased the fixed cost of

~rail transportation.

8. ‘A reassngnment of 10% of the Gulf export demands to .
Seattle

9. A reassngnment of 25% of the Gulf export demands to
’ Seattle.

10. A 25% increase in all grain exports.
,'MQdel specifiéations 2-10 are identical to specification 1 above,

-except for-thé'ébovebindicated changes.

v ThexLihegr_Progrémming Model

The linear programmlng model minimizes natlonal crop production ‘and
Atransportatlon costs The objective functlon includes the follownng cost

coefflcnents:’



The

minimized

A1l costs, except land, of producing one acre of

each crop type in each of the 152 producing regions.

The cost of transporting (total transfer costs)

one ton of each crop type from each of the 152 pro-
ducing regions to the 78 consuming locations. In the
case of feedgrains and soybeans, transportation costs
for two time periods are entered into the objective
function to reflect the impossibility of using barge

in northern areas during the winter months. Rail, barge
and truck costs are considered.

above costs are included in the objective function and are

subject to the foTlowing constraints:

Total amount of land producing crops in the producing
region must be less than or equal to land available
for grain production in that region. The use of land
is constrained from exceeding the quantity available
in the producing region.

In addition to the regional land availabilities, the
level of production of the individual crops is con-
strained by upper and lower limits which are arbitrarily
specified to permit some choice in the location of
production, but prevents total regional specialization.

. >C0nstraints‘require each consuming region's grain demands
_be met, that is, the quantities of grain crops shipped

into a consuming region must be at least as large as

that region's demands, (some demands are export demands).
The annual demands for feedgrains and soybeans are based
on two time periods.

A constraint requires the production of cotton lint be
at least as large as the national demand.

A set of constraints requires the quantity of grain crops

exported from a producing region to be less than or equal

to that region's production of the particular grain crop.

The level of production.is a function of yields and number
of acres produced.

Solutions to the model reveal the cost of crop production, the lo-

cation of

production, location of consumption, mode of transportation

utilized to transport grain from production to consumption regions, and



transportation.cost. The transportation costs in the.model include the
cost of loading éhd unloading transpoftation vehicles, sinée these
handling costs dépéﬁd on -mode of transporfatibn employed. The quantity
of egch grain.cérrfed by each transportation mode, the number of ton-
miles of traffi¢1for each mode and grain, and the handlingbcosts for
each grain are derived from the models. General flow of data for
analysis are shown:in'Figure 3. |

In generaT,vtheré afe two methods whereby the résearcher can
vefféqt changgs in ‘@ linear programming model in»ordér‘to evaluafe
variousrtEanspof;aﬁion'system proposals or modifications--either the
objective fqnctiong'cost'coefficients or right-haﬁd-sidevconstréints
may be altered.: For example, if the impact of changing tran;poriation
mode cost reiationships were»to_be.evaluated; objective function costs
could be a]tered;for eachvmdde to ref]ect:the change in these cost
relationships. Then, by comparing a base modél solution with'the
splution_intluding-altergd cost,re]ationships, the impacts on location
6f”prodqction, cgst§, modal,splitg and grain flows betweeﬁ regibns
cquld bevresqived.,»ln a similar:manner, the impact of‘a]tering
transporgationigdsf relationships between regions could be evaluated.
The‘impact‘bf adding a new transportation activity to a fegion (barge)
may be determined»by adding this activity into the mode]'s ijective
* function, likewise, removing the availability of a transportation mode
to a'?egion cqqu be evaluated by_rémovfhg this activity from the ob-
_jectiye fﬁnétion. Any fmpacts involVing changes in transportation cbsts
of évailabflityvof é:trahsportatioh mode: can be inéorporated into the
modei by cﬁangingvfransportétién costs in the objective funétion or by
'simply adding_of deléting avaiiabie transpoftétiqn activities. In general,
éllvofv£h§ mo&els,discussed in this péper can be manipulated_in an analogous

manner.
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The lowa ététe Model includes transportation costs rather than
rates; accordiﬁgly, to evaluate changes in rate structures, it would
be necessary to substitute rates for costs in the objective function.
The lowa State model includes two time periods for soybeans and feed-
grains and one time period for wheat; therefore, the present formula-
tion is probably not adequate to evaluate the impact of peak pricing
of transportation services.

Currently, the lowa State model does not include transportation
capacity constraints, that is, an unbounded horizqntal supply function
is assumed. As the model is currently formulated, the researcher
can alter the magnitude and location of regional and export demands in
addition to regional land availabilities. The effects of these modi-
fications on the transportétion system could be determined by paramet-
rically altering grain demands (export, domestic, regional) and changing

land availabilities.
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_ THE OKLAHOMA STATE UNIVERSITY MODELS

Oklahoma Stéte University cooberated with thenU;S,D;A. (Economic
Research Service) in two grain spatial equilibriUm.studies. The

.initiel study,'by Leath and Blakely, resulted in a publication entitled,

An |ntetregional Analysis of the U,S;‘Grainéﬂarketing industfy; 1966-67,
'Technical'Bulietin No. -lhhh The second study, by Schnake and Franzmann
[h] utlllzed the model developed in the initial study but substltuted
transportatlon costs for the transportatlon rates thCh had been used in
the Leath andelakeiy formulation, The COst-min|m|Zing linear programming..
model required the following types of data: 1) regional_supplies'of each’
grainfby time pefiod '2)vregi0nai consumption of eachvgrain by time
.period ) reglonal capacntles in graln storage and wheat processsng,
" and k) reglonai marketlng costs (|nciudes transportatlon cost between
reglons) or charges or both for performlng various. functlons
The l|near programmlng transshlpment model determlned the foilowung
1. efficient distribution patterns which would minimize
-total cost.of storage, acquisition, processing_and
distribution for the grain-marketing system, given
exnsttng structure and competitive condltlons,
2. _lntermarket and shipping=point price relatlonshlps
for grain and the competntlve posntnon of the pro-
: ductlon and consumptlon regions,
3. the competitive position of fiour‘miiis in the regions
and the estimated savings that would result from a '
relocation of mills that would be consistent wnth the
~low bulk rates on wheat to many destinations, and
4. optimum_utiiization of storage capacity and quarterly

interregional grain flows that would be consistent
with the available regional storage capacity.



‘Regional Demarcation

The continenfal'Uﬁited States was'diyided intOEHZ'régfons. The
same regionél demarcafion applied to productfoﬁ, storage, processing
and consumption of eachAgrain and graiﬁ product. (Fiéure L) flﬁ additioﬁ,
13 demandfpoints'were designated as export points. The.éxport'points
are sgown in’Figuré 5. .

Regibnal produqtion and consumption Wére assumedvfo.take place
at particular qrigin and destination points in each region; énd quantitiéé-
availéble and féquirements were preaSsigned. Separate pOints‘for pré-
duﬁtion and congumption wéré»specffied_for eachvregion.v Generally,
) regional:produ;tian and cohsumption'pqinfs did not co?ﬁéide. Gréin:
:étqrage facilfffeé.were assumed to»Be‘located at therorigin points.
‘ Grain cbnsumptfon points were seleCted‘with reference-tb majof popu- -
Alation-iceﬁtefévw}thin’a péfti;ular;fegfon; and'grain prqéessing faéili- 

ties were assumed -to be located at these points.

Rééiénai Subﬁiieé“.

Quantities of grafn supplies are preassigned to a region and are
‘th price respbhsive, The model inclqdeg ffve primary‘brodqcts--hard .
,“fwheat, softvwheat,.durqm.wheat, feédgrain and soybegnsg'u'

ance;the étudy waéjconqgrned wiﬁh the markefingxsyStem for grgin
and the.optimumIUSe,of the facilities, Only‘the'proportion of total
supply that hoVQd through commefcia] marketing channels and
'cohpetéd!fof thevlimited Capécities Was cqnsfdered. fhé relevént
:components of supply were offFfarm sales of.1966 sto;ks.éhd off-farm

vr(commercial)‘étocké of pfeVious cfops on hand July l; 1966.



REGIONAL DEMARCATION OF THE UNITED STATES USED IN STUDY
' * OF GRAIN-MARKETING INDUSTRY :

Figure_ L, ,Delineétién ofﬂOklahomé »Staté Mcv)bdeil"‘s Region‘s.b -

13‘



DEMAND POINTS FOR GRAIN EXPORTED
55 FROM THE UNITED STATES

LAKE PORTS ‘
43 — Superior, Wis.
Duluth, Minn,

44 — Chicago, I11.
Milwaukece, Wis.

45 — Toledo, Ohio
Saginaw, Mich.
Carrollton, Mich.
Zilwaukee, Mich.
Buffalo, N.Y.

GULF PORTS
50 — New Orleans, La.
Mobile, Ala.~
Pascagoula, Miss,
Port Allen, La.
Destrehan, La.

51 - Houston; Tex,
Port Arthur, Tex.
Beaumont, Tex,
Galveston, Tex.
Corpus Christi, Tex.

ATLANTIC PORTS
46 — Albany, N.Y.
Boston, Mass.
Portland, Me.

47 - Baltimore, Md.
Philadelphia, Pa.
New York, N.Y.
48 - Norfolk, Va.

49 — N. Charleston, S.C.

PACIFIC PORTS
52 — Long Beach, Calif,

53 — Stockton, Calif,

San Francisco, Calif.

. Oakland, Calif,

54 — Portland, Ore.

" Astoria, Ore.
Vancouver, Wash,
Longview, Wash,
Kalama, Wash.

55 — Secattle, Wash.
Tacoma, Wash,

Figure 5. ldentification of the Oklahoma State Model's

Export Demand Points.
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S:nce the tlme staged rode lncluded four tlme.perlods, alef
locatlon of off farm sales among quarters waslnecessary ~It was
”tassumed that grarn‘sold'off—farm moved lnto'commerc1al marketing o
Tchannels durlng the quarter(s) in which harvest takes place |
Feedgralns consndered by the study were corn, oats barley and

:graln sorghum~ These gralns were assumed to, be perfect substltutes, ‘

'accord|ngly, they were treated as a snngle graln in the model

;Reolonallpemandsr?ﬁf E - o ER - ";‘yi“jif;i'

| Demands were predetermlned and represented theuquantlty of a
vv‘partlcular product that a region must obtaln through the marketlng
rsystem to satlsfy ltS requnrements durlng the perlod under consnder-7
) atlon The model |ncluded h2 domestlc consumlng regcons and l3 export
'reglons | | | |
| Domestnc dlsappearance of wheat in the Unlted States lnvolved
i»the'fc_)lvlown,ng uses, l) processed for food 2) seed ?3):|ndustrual
‘and‘ 4) livestOCk feed'_ ProceSSIng of wheat lnto flour was wheat 's
l;most |mportant domest:c use Results of prevuous research were- used
‘ as a bas:s for estlmatnng the amount of hard— and soft wheat flour
‘consumed |n each of the 42 consumlng reglons ’ Per caplta consumptron
‘ of flour multlplled by populatlon ylelded estlmated regnonal flour
idemands The volume of each type of wheat exported was determlned from ‘
data on lnspect:ons for export by type of grann and port. |
lb | Feedgraln had four maJor uses l) llvestock feed : él'seed
"v3) |ndustr|al, and h) exports ‘ The l|vestock |ndustry and the mixed-

: feed lndustry were the largest users of feedgraln Feed.processlng



activities were,assumed‘to take place at points of'consumption_and'
regional grain reguirements for feeding were expressed as_whole-grain
demands. The total quantity of eaoh feedgrain used for fivestock
feed was determined. These totalsvwere combined and allocated among
States in.proportjon to total number oF grain-consuming’anima] onits
fed fn_each State'during the 1966 feedtng year} lnddstrial uses of

) feedgrain consfdered were dry-corn milling, wet processing,bcereal
manutacturing,‘halting and hrewing, and distilling. Data:on monthly
"grain exportsdhyioort were collected from reports pdblished by.the
us.oA. |

- Soybeans' major uses were for processing, seed and exports.

: Reglonal Capacntles

The model requnred estlmates of grain storage and flour mllllng
vcapaCIt;es,for the 42 reglons.‘:The‘capaCItles of all p]ants_in.a
reglon were aggregated |
» The graln storage and handlrng industry storage caoaCIty |ncluded
vcountry e}evators,_termlnal elevators and CCC binsites. The location
‘and capac1ty of each region's lnle|dual flour mills were aggregated

‘ to obtain regional totals

Marketing Charges'and‘Costs

] The model requnred the follownng cost data 1) transportatlon
rates between graan oruglns and destlnatlons, 2) handllng costs for
recenvnng and shupplng graln, 3) storage charges, and h) costs of

mllllng wheat lnto flour



The use of the multiproduct spatial model heeessitated the

collection of a very large number of‘transportation rates between
the various regfohs. Truck rates were collected frem Variohs sources
to develop predictive'regression equations. Actual point-to-point
rail‘rates.for domestic end export shipments were compiled. Rent-a-
train and unit-train rates were not used in the study. Barge rates
were provided by_barge transportation companies. Point-to-point barge-
truck'and‘berge;rail combination rates were cemputed where appropriate
for interregiohel movements.

Once peint-td-poiht or comhihation rates were compiled, loading
and receiving costs were comblned WIth the rates for each mode of
tranqurtatton.’ The total costs assocnated with shlpments by each
mode of.transhertation were compared for each possib]e movement; and
‘the coefficieﬁt{for.the Ieasthost mode was Qsed as an-input to the

~model .

‘ThevLineaf Programming Model
"The‘objectfve.FunetiOn includes the following cost coefficients:

1. . The least-cost means of transporting a unit of product
" (whole grain, wheat flour) on an intra- and interregional
basis in each of the four time periods. ' These costs in-
clude the costs of ]oadlng-out and rece|v1ng the product.

i'Z. The cost of mllllng a unit of wheat product in each region
in each of the four time perlods :

3. The cost of storing a unit of. product in each region in each
‘of ‘the four time perlods

The above llsted costs are included in the obJectlve functlon and’

are mxnlmnzed subJect to the Follownng constraints:

17
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1. For’ a partlcular product of f- Farm sales in a
given region, plus carryover from the previous time .
period, plus any transshipments into that region
must equal all outshipments from that region, plus
the endlng |nventory in a specified quarter :
2. ’Constra:nts require that shlpments |nto a parti—
- cular region to satisfy grain demands must be _

',vequal to reqU|rements ln that region.

3. Capacity constraints limltvstorage and:processing
ina particular region to available capacity.

L. Constraints requ1re that the quantlty of wheat
milled of a particular product in a given region
be identical with inshipments of wheat to that

' region and outshlpments of flour from that reglon
5.”'Flour receipts in a reglon must equal flour demand
|n that reglon.

Solution of the model reveals the flow of grain and graln products
between regions to mlnlmlze cost of transportatnon (includes total
transfer_costS»);u ' storage.and flour milling activnties. In parti—
" cular, it specifies by region and time period, the quantity of grain or
fl0ur received fromcanother region, quantity of grain stored, quantity
of wheat mllled, quantlty of grain. or flour shlpped to any region and
transportatlon ‘modes used in all grain and Flour recelpts or sh:pments

Changes can be- effected in the model by 1) alterlng obJectlve
functlon cost coeff|c1ents (transportatlon, mllllng, storage), and
2) alterlng quantltles supplied and demanded and the storage processnng

capacntles |n each reg|on Changes in quantity constralnts are im-

plemented by alterlng the right hand sude column
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UNIVERSITY OF ILLINOIS MODELS

(Taylor, Blokland and Swanson)

| Recently;'two linear programming spetial-equflibrium mode]s
have been developed at the Universfty of fllinois. These models
have been used rq‘eValuate a wide variety of pojicy‘instruments and
economic situations, including; hail suppression technelogies,‘shifts
in the exportvdemand for agriculturai commodities, non-point pollution
confrol methods,‘domestic and export transportation rafe ehanges and
alternetive pest control methods . |

_One model'is a linear programming cost-minimizing model (Cost
modelL which,fs similar in structure and purpose to the lowa State
model . The‘second formulation 'is also a linear programming model;
however, itsdobjective is to maximize consumers' plus producers' surplus.
(Surplus model) For a dlscu55|on of the Surplus mode1 methodology,see
an artlcle by J H. Duloy and R.D. Norton in the November 1975 issue
Qf‘the éﬁég_entitled,_VPrlees end Incomes in Linear Programmlng Models''.
lf it were not fbr differences‘in mode]»specification, the two models
would have Yielded eXactly the same acreage and transportation solutions.
The data ﬁnput‘for both models were analogbus,eXcept for demand in-
formatfon'required by the Surplus model. The domestic and export farm
Ievel prlce elast|C|t|es used for the Surplus model. were obtained from

P. S George s and G. A Ktng s publlcatlon entltled Consumer Demand

for Food Commodltles in the Unlted States w:th Pro;ectlons for 1980

._Glannlnl Foundatuon Monograph No. 26, March 1971 and personal com-
: munlcatcon with T.A. Hleronymous and S.C. Schmidt at the University of

I11inois:
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~ Producing ReglonS'

The contlgnousbunlted:States was divided into l37'producing |
reglons; (Flonre 6) The variable COsts of producing oorn, soybeans,
“‘Wheat; oats,rbarleygrfye; grain sorghum and cotton ln applicable

' regions wag obtained frOmvthe Economic Research Servioe. Yield data
E wasvprovideddby“the ERS's'Aggregate'PrOductEOn:Analysis System (APAS) .

: Data from many‘statehandlregional.research publications were also

usad} Cost dataﬁwasvadjdsted to retlect‘l973 costs.: Pfoddction
actiylties for at least two cropsYWere included in the model for
‘eaoh pfodueingffeglonev Where apprOpriate,‘both dryland and ‘irrigated
crop prOduction activitiesfwere defined. Land flexibility oonstraints _:.
‘were SpeCIfled at 50 and 150 percent of the 1973 acreages of ‘a reglon s -
crops The total cropland constraint for each producung region was

the ‘sum of l) planted acreages of all crops whose productlon was
' endogenous to the model 2)<acreages in fallow,lf productlon ac-
thltles for sequences of small graln and fallow were deflned for
that reglon, and 3) total acreage of land nn government dlver5|on
and set: asude programs Productnon reglon data requlrements are

ldentlcal for the Surplus and Cost models

'.>ConSUmlngiReQibns )

Twenty-one consumlng reglon dellneatlons were made v (F|gure 7)
In the Cost model, commodlty demand for each consumlng reglon was
iseparated 1nto: l) domestlc demand for 5pec1f|ed commodltles for
’hdmandoonsumptlon, 2) export demand for specnfled commodatles, 3)
"fdomestio1seedvdemand,- h)‘domestic demand»for speclfied'grains by'all

livestock eXcept cattle, sheep and swine, and '5) domestic nutrient
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2Crop production-in the shzded areas Is exogenous. to the model!

“T0=73 26466
Ci5-48 fap-a2
~e . - .
951-53 F41-43 .

Figure 6. Delineation of University of Illinois' models Producing Regions.
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demand, speCIflcally total dlgestlble nutrients (TDN) and- digestible B
proteln (DP) by cattle, sheep and swine. Export demand for each
crop was spec1f1ed by port and added to domestfc demand'in the
_consuming'regfon‘oorreSponding to that port; Exports:of‘corn and
soybeanS’moving oVerIandlto Mexfco’and-Canada were addedeto domestic
demand-invconsuming regions bordering these COuntries. 3Liveatook.
nutrient. demand ‘was separated into demand by llvestock type, because

the nutrltlonal value of feeds depends upon anlmal type. Demand for
-feedvfor cattle,:sheep and swine was diyided into demand for total
digestiple;nutriente and demand for digestible protein. Total digestible
nu;rjenfslandﬁdjgestible prOtefnﬁreduirements.were allocated-to the
tconsuming_regionvbylthe.number ofvgrain-consuming animal units of each
ijestoek;tyPeﬁ':Abconstraint’was placed on the total weight of the
feed;§o‘that_tne,nutrient requfreménts would.bevsatiSfied wi thout
‘e*oeSSive bulk. LiVestock nutrient demand was incorporated into the.
modeirin tnislmanner to gain addedvprecision and make feed composition
eﬂd09€ﬁ§U§ kér the“modelrv'Demand for food was determined by multipTying
human populatlon in each consumlng reglon by average per capita
‘consumptuon. Slmnlarly, the poultry demand and "'other' livestock
: u'FeedIdemand,was_the}product of animal numbers and average per capita use.
With the Surplus modef, regional demand functions for three
f»ééhhodii;fékéupé’wé}é Speoffied-?foodgrafns;wfeedgrafns and oilmeals.
xvttdwas:assumedfthat therdemand function forva particular,use was of the
l‘f d?; a- bP

‘where Q quantlty demanded -

- P-="price
“a,‘b = nonnegatlve parameters
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The pafémétefs of the function were computed by first specifying

“the demand elasticfty,.e, and then applying the following formula:

b=

18

+ bP

I
ol -

a
where Q = éppfoximate*quantityvdemanded in 1975
P = shadow price (marginai cosﬁ)-éssdciated with Q in
the benchmark, cost model. The benchmark solution is
- a solution. using 1973 demand and export levels.
The total .demand function,for a commodity group in a specified

consuming region was obtained by summing domestic and export demand.

‘.Trénqurtation Coﬁts
The,rail_transportation'cqétvfunctions used in éétimating»
tﬁe cost“of:transpbrfing'commbdffigs between regioﬁs Werevtaken“from
'th; wofk ofvEYvihdgon. ;[2] bln addifion to rail transportétion acti-
..vifieé,,Eafgé tfénspoffétfﬁhxactjvitfes were included for those regions
which had_acéess'tb'this modé; Barge transportation acffvities weré
»'céngtrained at their high level in ;etent years. Trucking activities

were not included in either model .

“Lineaf_Pngramming.Model
‘The linear programming Cost model minimizes national crop pro-
duction and transportation costs. . The objective function includes the

" following cost coefficients:
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1. AlT{vériab]e costs of producing one acre of
each crop type in each of the producing regions
for dryland and irrigated acreages.

2. Thé»coSt of tfansporting one unit of a crop
typé ‘among regions by rail.

3. The cost of transporting one unit of a cfop
type ‘among applicable regions by barge.

The above costs are minimized subject to the follbwing con-

straints:

1. Total amount of land (dryland and irrigated)
in the producing region must be less than or
equal to land available for grain production
in that region.

2. In addition to regional land availabilities,
the level of production of the individual
crops is constrained by upper and lower bounds.

3. Constraints require . that all regional grain
demands (food, poultry, 'other') be met. That
is, reglonal grain production, plus grain inflow,
minus grann outflow must be at least equal to
,that reglon s grain demands.

b, Constralnts require the production of cotton
" lint be at least as large as the national
demand.

5. Constraints require that regional cattle, sheep,
and swine nutrient demands be met.

6. Constraints require that pea demand in the pea
- ‘area of the Northwest be met.

v 7.»,Constra|nts restrict the level of avallable barge.
-vtransportatlon :
All columns of the Surplus model matrix are analogous to those
of the cost model; except for the last columns which, represent stepwise

approximations to the area under demand functions for the three commodity
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groupsF;foddgréfné, féedgrainsiand‘pilmealéf Consuhéf?,.plus prbducer§
surplqs is‘makimﬁzed)sdbject‘to fhevfo]loﬁfngbfow cdnstféfnts: crbp#
.lan&, subplyfdemand balances fof each commodity grbup in each region,
_cotton lint pfoddction, pea productibﬁ in the quthWest, barge trans-
’pdrtatién flé*ibilit?“consfréinté énflahd and cbnveX.cbhbinatioh
constraints fdflinéofporatihg thénstepped demand functidﬁs'ihto the
model; | - | o |

The SQ]utioh‘té the Cost modei gives the acfeéges‘of eiéht
tCommddities (cdfn; soybeans;‘whéat, oats, barley, rye,'gfain'sorghuh
and cotton) inil37 proddcfng‘regiéns that minimize(theACOSt-of'producjhg
~~and transporting commodities giveh reéource‘availability, technology
and the quantities of various commodities that‘mUSt be available fof‘ﬁ»
vconéumption‘fn Zlgcon5u5ing areas.  |

The'Surplus,modej solufion giVés the acreéges Qf thé eigﬁt-
. cémﬁodi;fes WhiCh haxihize consumersvplusvprOdﬁcers surpluS‘given
feSerce,avéiiabflity and technolbgy. '

} As préviqusly discuéséd,‘pafémetric analysis on eithéf model can

,bé,aétomp]ished_by éffecting‘objective function coefficients or constraints.
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UNIVERSITY OF ILLINOIS MODELS
(Judge, etc.)

During the 1960's, George Judge collaborated with several

individuals on commodity interregional models. In 1962, Judge and

Hieronymous published, Interregional Analysis of the Corn Sector,

AERR-55, and in 1965 Guedry and Judge collaborated on The Spatial

Structure of‘thetFeed Grain Economy, AERR-78. As fndicated by the
t{tles, the Jnge énd'Hieronymous stddy focused on corn, while the
Guedry and Judgé study delt with all feedgrain.‘ The methodologies
ehployed'in eé;h study was analogous. The following‘discussion will

elaborate on the Guedry and Judge work.

SupﬁiiﬁRegion

The area_under“investigation3in this study was the continental
lfmits qf the,United Stateé. A state was takén as the regional unit,
with the éxception,of several New England States which‘were aggre-
gated--a totél o%_hz regions résulted. One city within each region,
lgcated near jts ¢enter of producing, consuming or exporting area was
seTected as fﬁe'basiné point. | |

Tota] aQéilablev§upply of feedgrain Was determined on the
ibasis of fﬁé\fdlféQ}ﬁg inférmafidh:’ 1) broduétfon of feedgrain for ..
thé year, é)-beginnfng‘stocks of‘feedgrain as of October 1, and 3)
ending stocks of feed grains as of September 31. The study included

cqrh, oats, barley and grain sorghum.
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Regional Demands

The demands were annual demands, which were obtained from
secondary sources. Demands for.feed grain included commercial,
export and feed uses. Because gréins can substitute fof each other
to‘meet feed demand, all demands were placed on a corn equivalent
per hundred-weight basis, based on prdtein content. Export demands
were taken from published data on shipments from port areas. The
number of animal units ?n each region formed the basis for determining

regional feed demands.

Transportation Costs

An estimated transport cost function, based on published rail
freight rates, the ICC carload waybill statistics and truck and water
transport rates releQant to private grain companies; provided the
basis fof most rates utilized in the analysis. Only minimum truck

barge or rail rates between regions were included in the model.

Linear Programming Model

To derive minimum cost flows of feed grain among the region, the

following cost coefficient was entered in the objective function:

1. the cost of transporting a specified feedgrain
among regions to meet alternative types of demand.

Cost of transportation is minimized subject to the following

constraints:

1. total amount of grain flowing out of a region
must be less than or equal to that available, and
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2. grain demands in all regions must be met.

fhe model determines the magnitude and direction of feedgrain
flows between each possible pair of regions that minimizes total
tranSport.cost. Parametric analysis can be applied to the objective
function or right-hand-side constraints to resolve sensitivity of

solution.



SUMMARY

 TaB1e 1 summariéés §Qm¢ of the rélevént characterfsfics Ofithe

aiécussed”mddeis.
The lowa State-modelrand fhe University o%/!llinofs.cdst mode]

(TaYIor; Blokland, and SWanéon) are similar Qith respect to intent'
~and included Vériables; - Solutions to these‘hodefs specify the least-
' f?Qstvlocatibn of:graih prodqction ahd magnitude of gréin flows from
‘éifefhative brqddctioh regiohs to consumirig régionsAvia each mode.
vThe‘prfncipal endogénous inputé to the modelvinclude; crop Budgefs
‘for»eéch fegion, regiOhal land chstraints,:transpoftation cdsts
bétween regions, regional domestic demands and export demands;
vNefther summary indicatéd-if the model selected the franspOrtation

mode on interregional shipments or whether the mode was resolved

h -.enddgehously,vrThe lowa State‘model included two time periods,

‘ EQhereas,.the lllinoisvmodel‘includéd one time period. Both were
'V-CQst:minimizjng lihear programming'models. rThe product of the Uni-
ygrsipyfof Ijlinois7sqrp1us modél‘is analogoqs tp'the above brodu;ers',
viplu§JCOnSqmersﬂ.sqrpius..
Thevfocus qf the Oklahoma State models were somewhat different from
the IQwa State-and University of‘lllinois models (Taylor, Bjokland and
;_Swéqébn). Tﬁe Oklahoma State mddeIS'determfned graih distribution patterns
. whfch,hinihiZed total cost:of,storage,lacquiéitioﬁ, proceésing and trans-
'jpgrtation for fhe’graih_marketjng system, giyen existing structure and
 ¢ompetitiV¢ cdnditions. This model was not:constructed to optimize location
 of crob prodUction, as wefe the above models. The principal endogénous‘datarr
Iinputs to the mode]'ﬁere;levei of regional grain prodﬁcfibn, transportatfon 

rates,(costs) between grain origin and consumption regions, grain
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storage capacity and costs in each region,vflour millling capacity and
costs in each region, grain handling costs in each region, level of
regionél grain and flour demand, and export demands. The Oklahoma
State model was a cost minimizing linear programming model, which
included four time periods.

The University of I1linois models (Judge, etc.) included less
detail and fewer variables than the above models. These models resolved
the flow of grain between regions which minimized total transportation
rates. Endogenous data inputs to the model include grain supply in
each region, grain demand (domestic, foreigﬁ) in each region and trans-

portation rates between regions. The cost-minimizing linear programming

model included one time period.
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Table 1. mocel Characteristics.

Time S : . , . ) : : .
Grain Types Included ‘- Periods Model Type ) Transportation _ ) Models Research Product -
. Oélimum <7 Optimum ) ‘ Optimum }
Location, Level Flow of Grain ) Optimum Opt imum © Levels of Grain
} o and Cost of Between Regions Choice of ’ Leve! Processing Capacity
. . Cost . . Surplus L e Regional Crop and Associated © Transportation - of Region "and Procuct
Hode) wheat: Feedarain Soybeans Rice Minimization Maximization Rates Costs Production Transportation Cost  Mode a/ _Grain Storage Distribution Costs
, ‘ ' , b/
10wA STATE L - X X R 2 =~ X X X X X
OXLAHOMA STATE ,
Leath, Blakely X X X 4 x X X X X </
Schnake, Franzmann X X X : ) X : X KO X LI X E o
ILLINOIS
Taylor, Blokland, Swanson o } ) .
Cost Mode! - X X X N X S : X ) x : X v Cx . e .
. Surplus.Moded - X X X 1 _ S | S X o . oo
Judge
Guedry, Judge ’ o X o 1 = X B X B X B
Hieronymous, Judge ) d/ : 1 X o S ) X . X

"3/ For most.models al) feasible transportation cost alternatives were enumerated and the least-cost selection entered In the model. This was recessary to reduce matrix size and computation cost.

"5/ Wheat is on-an annual basis, while soybeans and »f_ccdgra@ involve two time periods. . EEER . N
¢/ Flour milling.

4/ Corn,
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