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An Imt@rregi@nal Analys;s of szesﬁ@ck _
' Use of Selected Feed '
- Ingredients
| by |
. R. C. Kite and J. C. Smydexr* '

"IﬁtrodHCfibﬁ

Thls is a rep@rt onR a progect conducte& coay@rataveiy by
ERS/USDA and Purdue Unlver51ty.1/ The study~was an-analysls of
" ‘the” use of feed grains and soybean meal in livestock and poultry
f@edsfand»c@ngentr&ted‘@ﬁ three aspects of the feed gxaimwllvestock
ééétofS'ofithe’éconﬁmyunthe regional location of feed grain’éupplies,
'Aregibnai réduifémenté*f@r livest@ck'and-pcmltry feeds, and briefly |
ujoﬁ‘reqﬁiremeﬁtg'f@f @x@@rﬁ éﬁﬁimﬁ and soybean Beal. A m@miomgl,
1nterreg1®ﬂa1 11m@ar pr@gram@lmg model was us&@ the‘m@deA‘

1nc3ud@d 1mt@r&@p@m@@m@1@$ b@tﬁ@@n the f@@d gr@am and Elvest@ck

' feedmg sectors. |

o The m@g@ﬁ P j’éﬁis"éf fhis ééudy w@é o develop an economic

o ﬁ@del of th@-prxm@i@al forces In tﬁe liveét@ckmfae@ grain eééﬁamya
E Wﬁthin tﬁié.cdﬁﬁexts Specific objeciives @f.th@'st@dy.ﬁefe as

;f,fbihnw:

* R, C. Kite 1s an Agr1cu1ﬁura1 Bconomlst, Natlcnai Bcﬁnomic :
' 'Analys:s Division, Ecomomic Research Serv1ce, USDA, Wash1ngton, D.C.
-~ J. C. Snyder is Professor of Agricultural Ecemam1cs, Purdue L
. Un1versity, West Lafayette, Indiana, , : .

" 1/ Rodney C. Klte, ‘An Imterreg1onal Analy51s cf Livestock Use of
. Selected Feed Ingredients, Unpubllshed Ph D. Theszs, Purdue N
_‘_Unlvers1ty9 Hay 1973, E
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(1) To develop a feed grainmlivest@ck feeding m@deﬁ with
sufficient flexibility to facilitate analysis of éitma@i@ns faced
By édiicy makers. at the‘firm and national level.

(2) To devélop'éﬁ automated, Computer vetsionAof this modeE,

(3) 1T§‘e$timafe livestock/poﬁltry feed use of seven feed
ingredients: corn, barley, wheat, oats, rye, sorghum and soybean meal.
Five’categéries”df livestock were included in the analysis: dairy,
béef;.swiné, poultry;,and sheep,

>(4) To determine interregibnal equilibrium valués for
féed‘ingfedientéxand livestpck/poultry féeds.

.- The ‘model for the»study congisted of 16 domestic regions and

9 export points (Tables 1 and 2). Estimates of intefregienai
grain movements .were obtained for.the seven feed ingredients as
theyPWere:tfansfeéred'ﬁetween regions to meet livestock/poultry
feed and éxport réquireménts. A set of equiiihrium ingfediem?
prices;'conéistent.with'ﬁh@ interregional transfers, was obtained.
In addition, e@uilibriuMIValues for 16 livestock/poultry feeds
wéfé 6btéihed for’each»of the 16:regionss Estimaéed,usé of the
ingrediénts in éhé 16 feed types was aggregaﬁéd into use by the
five livestock/poultry types.

'Majbf Components of the Model

Thé model contains six major components: locations and
quantities of feed ingredient supplies, locations_and numbers of
animals on feéd, expért and import of feed ingredients,.fOrmulation
of animal feeds, human aﬁd industrial use of feed grains, and
the‘transportatioﬁ_facilities cdﬁnecting ingredient‘supplies to
the locations at which they wbuld.eithef.be uséd domestically or

exported.
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‘Destination Points.

Table ], Designation of Domestic Regions with Origin and

. . Origin Destindtiocn
° ° .
Region Ingrediemt  Poimnt Point
Bnaine | Corn Reene, ®.8. Reens, .8,
Fow Hampshire Bariey Reens, H.H, Recne, M.H.
Verwont Sorqhum- - Baene, N.M. Reena, W.H.
Connecticut wWheat Keene, ¥.H, Reena, W.H.
Rhode Bsland NDate Reene, N.K. Recne, .8
Hassachusetts Rye Keene, M.H. Heene, N.N.
Soybesn Meal Reene, W.H. Reene, M.K.
Corn Oneonta, N.Y. Dneonta, ¥W.V.
Bariey Oneconta, H.V. Oneonka, W.V.
Rew York Sorghum Onconta, N.¥. Onecnts, N.Y.
Kew Jersey Hheat Onconta, .Y, Lancaster, Pa.
Pennsylvania QCats Oneonta, N.¥. Onconta, N.Y.
) Rye . Oaeanta, N.¥. Oneonta, N.Y.
Soybean Heal Cneonta, 0.¥. oneoate, M.¥.
Corn, Bloomington, i1, Anderson, Ind.
Barley Bedford, Iad. Bueilefontaine, Ohio
ohie Sorghen Centrelia, T11. Anduracn, fnd.
Indiana heat Lafayetie, Ind. Anderson, Ind.
X3linois Qats Marion, Ind. Anderscn, Ind.
Rye Lafayetee, Ind. Peorfa, TRL.
Soybean Hoal Bloomingtan, Tad.  Bnderoon, Iad.
Corn tankate, Miam. flankato, Minn.
Nichigan Baviey Detrolt Lakes, MiaR. Higennsin Celis, Wisc.
Wiscongin Sorghum Detroit Lakes, Kinn. Lansing, Mich.
Hinaecota theat ¥. Grand Forks, Hina. Wicconsin Dells. Wise.
Gatg wWilimar, ®inn, Lansing, Mich.
Rye ®ikimar, Minn. Lansing, “ich.
Soybean Heal Mankato, Mian. Mankato, Minn.
QCagm Ames, Iowa Ares, fowa
Barley tiatezion, fowa Columbla, %o.
Bowa Sovghus Sedalia, HMo. Colunbia, fo.
fiogousl theat Onceola, Iowa dres, fowa
Qate Waterico, Fowa Areg, Iowa
Rye rolle, “lesourt Colurbia, %o.
Soyhean Mral Ames, Sowe amcs, Rova
! Corn Velley Cizy, H.D. %iechell, S.0.
Bar ley Abcsdeen, $.D. Aberdeen, $.0.
Forth Bekota Sorghum Geegory, S.0. Gragoey, S.0.
South Dakota Wheat Mobr idge, 8.0. fitchell, '$.0.
QaRs Hugon, S.0. “itchell, $.0.,

Hebzaska
Ransas
QVaks

Virginia

West Virgimio
Haryland
belavace

dorth Carolina

Rye
Suybean Meal

Corm -

fariey
Sorghum
Eheat
(14

Sye .
goybean Real

Coen

Barley
Sorghus
“heat

Oats

Rye

Soybean Meal

Anverdeen, §.0.
Valley Ciry, N.D.

© Topeka, Kansas
Moreh Platie, Nobr.
Cread BSond, Kansas
Grand Island, Nebr.
Worfolk, YNebr.
North Platte, Nobe.
Topeka, Ransas

Rocky Mount, #.C.
Winston Salewm, N.C.
Charlote, N.C.
Fayettevilin, N.C.
Dyrham, 8.C. .
Annapolis, %d.
Rocky Hount, N.C.

Yitchell, $.0.
Yitcheil, S.0.

Columbun, Nebr.
Sorth Plates, YMobe.
Great Bend, Psnsss
Columbug, Yoty .
Columbug, MNcbr,
Colurhys, %ehr.
Colurbus, Nebr,

Favetteville,
Payetteville, ¢
Savetteville,
Faveteevidie, O
Fayetesvilie,
Favetteville, %
Fayettavalie,




_Table

1. Continued.

¢

Ingredient

Originm
Point

Destination

‘Point

16

a1

22

33

14

3%

16

Kentucky
Tennessee

Alshans
Mississippd
Arkansas
‘Wweisiana

Oklshoma
Teass

fioatens
yoming
Colorado

Hew Rexico
Arizona
Graky

Bochington
Qzegon

| Bevads

Califormia

Corm
Barley
Sorghua
wheat
Jzea

Rye
Soybean
Cora
Barley
Sorghus
wWheast
Oats

Rye
Soybean

Corm
Barley
Sorghu
®heat
Cats

Rye
Soybean
Corn
Boviey
Sorghus

Heat
Cats

a’;man
Cozn
Rarley
Sorghum
heat

- Qaka
Rye
Soyoeen

Corn
Barley
Sorghus
thent
Qata

Kye
Soybean
Cogen
Baxley
Sorghan

theat
Baes

Rye .
Soybean
Qore
Bagiey
Sorghum

wheat
Qats

Rye
Soybean

tesl

Beni

Heal

Meal

Fzal

Heal

seal

Heal

Cordele, Geargla
Hrcon, Goorgia
Cordele, fcorgie
Macon, Grorgia
Racon, Grorgla
Swainsboro, Ga.
Cordela, Georgla

Paris, Tema.
Mashville, Tenn.
Kashville, Tenn.
Paris, Tenn.
Hurfreesboro, Tenn.
Lexington, Ky.
Pavis, Tema,

Boxie, Avk.
Honfe, Agk.

. Merphis, Ark.
Biythevilie, Ark.
Pine Bluff, Ark.
Pine BRuff, Agk.
Hoxie, Agk.

Waco, Texas
Wichita Felis, Tenr.
Lubbock, Texas
Enid, Dklahoma
Enid, Cklahona
Anarfliio, Teras
#aco, Texas

. Biles City, Momk.

Ravee, Ronl.
Bavre, Font.
Laviston, HonR.
TavEe, Fonts.
tiles Cicy, FRomt.

Spring ¥Yalley, Ariz.

' Boulder, Colo.

Radunte, Colo.
Crawin, . M.
Salfda, Colo.
Sterliing, Cols.
Spring Valley, ariz.

Bend, Oregon
The Dalles, Orxegon
The Bolien, Oregon
The Dalies, Oregon
Salem, Ogcgon
Bendl, Qregon

Tracey, Calif.

Carson City, HMev.
“inneomuces, Nev.
Caxgon Civy, bNHev.

Tracey, Calif. .

YMwron, CQergia
Sreon, Geavara
Meton, fecriia
Macon, Genrerd
Macon, Genrzia
Wezoh, Gaorels
“I.lccm‘, Ceorzia

Hurfreesbore, Tean.
Mur{raeshore, Tenn.
¢reestoro, Tenn.
freeshard, Tenea.
Murfreesktoro, “ean.
Murfzreesbors, Tenn.
Nug freesboro., Tenan.

Licrie Bock, Rrk.
fatele Rock, heh.
Livrle Rook, Ark.
Lievie Reck, aek.
Lactlie Peok, Agk.
Jackaon, Viss.

- fatle Rack, Ark.

O lahame Cley, BRla.
Ok lanoms City, Ckid.
Lubbeck, Texas

San ARCONLG. TCRAS
OF lahoma City. Oxld..
Ft. vosrth, Tenrs
Oklahoma City, Gkla

Caspar, Wym.
CACPOT, HYQo
Caspes s Bye.
Lewiston, Sont.
Twin Falls, 12aho
Leviston, ¥ome.
Cosget, Ha.

Denver, Colo.
Denver, Celo.
Prove, Utah
Provo, Utak
Ragwall, 2. R
Prove, Utah
Demsex, Colo.

Ellenshuryg, Wark,
flicasbowe, Hogho
Bend, 98egen
Boend, Ore:on
B nd, Bresn
Bend, Ovcqon
ERlensburg,  Bash.

Presne, Caiif.
Fresno, Calif.
Fresno, Cals?.
Fsesno, Calif.
Fresno, Cakad.
Zresnc, Calif.
fresno, ‘Calif.




Table 2. Desigration of Export Poimts - All Ingredients.

EXPORT POINT _ DESCREPTE@N_
1 | .Smperi@fg'w13c@msim
2 . Chiéago, I1ilinois
3 R | Toledo, Ohic
? 4 | Philadelphia, ?enﬁsleania
| 5 : Norfolk, Virginia
L 6 | ‘ . HNew Orleams, Lowisiana
7 . ‘ Houston, Texas
8 ’ | San Pramcisco, Califdtnia

9 o v P@ftﬂ&aﬂ; Oregon
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It.wQS'ﬁbvi@ﬁ5 at'th@ outset that a medel imcﬂmdiﬁg all of

the relationships bétw@eﬁ‘aﬁd Within the sixlc@mp@neﬁﬁs}WQé»b@y@né
the sé&pe of thé'Stu&y. Consequently, some elements of the

system were taken as givenw> This proceduré net only reduced the
‘scope of the study, it aisb7$erved to facilitate analyéis @f‘the.
'iﬁp&@t; on énimainfe@d'mg@ @flf@édfgréinég of th@léﬁ@g@n@@ﬁ
‘Components. | |

E 1. ’Suﬁply'and location of feed'ingredients.

The locations and quantities of féed’ingredi@nts
availablé:iere txé&te& as exogenous ﬁo‘the model. From the
view-paint of the stﬁdyg a @hang@ in the feed grain p?@gfam,
for éxamplé; would b@ystédieé under the assumption that the
gdaisvofrthe;pr@grém were attained, e.g., the;pr@ducti@nvof
‘corn Was‘Chahged by a given amount. It would'then be the
funétian of éﬁ@ model to @sti@aﬁe the resulting patterns of
ingré&ieﬁi‘QS@o | | 7

oo Lgcatiunsv@nd quantities of animals on feed.

Thé‘lacati@ﬁs_and mmbers of livestock and poultry
on feed were alsc taken as exogenous to the model. This appr@ach'
was ;ékém”f@? tw@ reasoms: (1) The changes in locatiom @f-iiv@st@@k
- and>p0ﬁﬂtry'yf@ductioﬁ'ar@ iong term in mature and it is mot the
intent of‘this‘study'to deal with the time h@fﬁzon‘neCessafy to
ehcbmpass this aspectvofrthe—feed giainnlivést@ck ecoﬁomy» an&

(2} this épproach would‘facilitéte analysis of the iﬁpact of
‘,chéhges in the location and volume of animal feéding on

ingredient use.



7
3. Export and imp@f& of feed ingredients.

::Exp@rts both volumes and points @f départu?@s'wer@
assumed éé’hevéxﬁéén@ms“ts the model. Imports were ignored. B@@@s%ic
sources~of ingredients for export are endogenous. To extend this
to allow inﬁéﬁnal determination of final’destination as well was |
considered beyond the scape of the study. '

s 4. igumam énd_imduﬁtrialﬁgse of feéd‘grains,

Human‘aﬁd industrial uses of feed grains were treated
as éxogenous‘ta the model. ThiS‘componentuof the model was treated
differently from the other ek&genous components in that human and'
industriai uses were taken from SUpplies. Net supplies were then
ﬁ§e&’iﬁ theiénalysis‘aﬁd the human and in&mstriél'use component |
was'drépped.} : |

5. ’Iﬁgredientvﬁramsp@rtéti@n.

Kt;was'assum@d ﬁhat ﬁransport fatés wer@_knawn and

fixed, and that there were mo volume restr@étionstn @oint té
 point.tran§fers. The tranmsportation sector was assumed not to
compete with the livestock feeding settdr»fcr resources. It was
assuméa that-thé ﬁramspéftation sector»providgs the Service of
‘moving ingredients from their.point @f.producti®n to.Qhere theyA
‘would be uéedg_at a constant unit cost, and at the time and in'
quaﬁtities:r@quirédemsubject oﬁly to 1imitationsbon ingredieﬁt
availability. |

6. Formulation of livestock and poultry feéds.

| - The major_enddgenous Component’of the model\relates-to
the formulation of livestock and poﬁltry feeds., Associated witﬁ
the formulation component, and endogenous as well, was the

determination of regional ingredient sources. This component
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bf‘thelmadeﬁ'was caﬁgﬁru@t@d‘t@ insure that ingr@dienté used for
livesfnék and poultry feeds supplied the nutrients implied by the
assumed total feed req&ir@memtse‘ This was accamplishe@ by |
formulatingva numbér of least cost rations for each of the Eﬁv
vfeed typesez/
A total @f‘Z@ feed imgﬁedients were uSed»té formulate the
~ feed rati@ns (Tab1@ 3); The rations were then expressed as
fee& fer"théfsevgn included ingredients and the‘rsmaining 19
' wefe assumed to be‘avaiiable in the quantities needed to CQmplété

the feed rations.

2/ The model mlght have been formulated 1nc1ud1ng ingredient
nutrient composition matrices and mutrient requirements for the
various feed types. The resulting model would have been extremely
large. . The current formulation exploits the fact that the larger
model could be solved using a Decomposition Algorithm. That is,

" that an optimum solution would then be some linear combination

of possible solutions. Although the current model does not guarantee
an optimal solution, some empirical evidence indicates that the
loss 'in optimality is an acceptable trade for managability (11)



Table 3-4. List of Ingrediehtsn

Ingredient NMumber

" Ingredient Description

SR T ST

10
i

12

i3

14

15
16

17

18
19
20
23

22

23

24

25
26

 (Included directly)

{Included indireétly)

Corm

Barley
Sorghum
Wheat

Oats

Rye »
Soybean meal

Cottenseed meal Ex. 41
Cottenseed meal S. 41
Cottenseed meal Ex. 44
Fishmeal Her.

Fishmeal Men.

Fishmeal Per.

Corn gluten meal

Corn gluten feed

Corn fermented soluables
Meatr meal 55

- Meat and bone meal 50

Feather meal
Poultry by-product
Animal fat
Vegetable and animal fat
Cane Molasses
Urea

Dry skim milk
bDry whey
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.~ The Mathematical Model

The mathematical model is expressed as relatioms (1) to (5).

The variables and parameters are defined:

2
"3

rik

3

ik
Y3

‘Acquisition price for ingrediemt j in regiom k.

) - . P '.. e : o 2 e
Transfer cost of ingredient j from region k to regionm i.

- Quantity of imgredient j tramsferred from regiom k

to region i.

Lagrangian multiplier relating the value of feed T
to regiom i. ,

Lagrangian muﬂtiplier relating the value @fbingredient i
to regiom kK.

Intemsity of PTOcess g in producing feed r in region k.

Proportion of imgrediemt j used im process 2 to produce
feed v in Tegionm i. For a givem £, i, and 1,

(gighi £y is a single feed ratiom.

§£r§2E9° ”fJEE & '

aaaaa

Fixed quantity of imgredient j available in region k.

' Quantity of feed r required in regiom i.

 Mumber of receiving regioms.

Mumber of shipping regioms.

Number of ingre&ieﬁts;

'Number of feeds.

Number of Processes  j.e. the mumber of alternative
feed rations for each feed type.



i1

e wash to mzﬂlmlz@ t@tal acqu151t1@n and transfer C@Sﬁogj

pk 4 +ikyyik o '
Pk + cdlyy ik o S ¢}

[
b 0 G

R

‘This objective is to be attained subject to four conditionms.

{1) The'quantity of feed T pr@duced in region i mast‘at
least equal that region's requirement for r.

L ‘ _
QT <z AP, reLR; dsLI. )

(Ii) Shipments of ingrediént j from'regi@n k must not
exceed that region's initial supply of j.

ik < xk,  k=2,K; j=1,J. o (3)

I
Loyit<)
ij 3

(IIE) Recenpts of 1ngred1ent i by reﬁz@m i mmstsat ﬁaast

equal that region's use.

) i B K v : ;f:‘;‘z%.‘:.""’

Iz A;’.j’fu = Y;]ik» i=1,1; j=lde oo (4)
gr TOAT T T T
(V) ”All y%k and A&i non-negative. o (B

Minimization of (1) subgect to {2), (33, (4}9 &m@ (S} reguits
in the fbll@wlng T@l&tl@ﬁS : ; ,;‘ |

(1)  If condition (I) holds as an equa&xty f@x i and T
© the implicit value of feed r im regiomn 1 is gf@&te%
than or equal to zero.

i s e nlr o 84
Wriﬁ if Q = gAri.

3/ Th1s objective function is formulated on the assumptlon
that the cost of the indirectly included 1ngred1ents can be
1gnored o
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(2} If é@@diti@n {I1) holds as an equality for regiom

'k and ingrediemt j the implicit value of imgredient
3 im regiom k is greater tham or equal to zero.4/

{3} llf conditions (i) and (II) hold as inequalities
“ W% and Ug equal zero. |

The mathematical model as expressed in relatiéﬁs {1) to (5}
shows the ?@Eati@mshipg betweenvthe major components of the model.
'The'émpiriéal model however deviated Slightly from the é@hceptual
,modei.ﬁ TOtai'ingfedieﬁt:supplies were divided into twovﬁarts,
current year’S'préﬁ@ction and ffree"vcarryover stecks, This
,adjustmeﬁt had little effect on the conceptual model, beyond
'?@quifiﬁg.a mgth@d f@?va@countiﬂg for ingredient use ffém carry-
‘over Sﬁockss,amd for adding a storage cost.

 An ekahpie of the empirical model is shown in Figure 1.
The example is for two domestic régions, two export points,
thrée ingreﬂiéntgs and  two types of animal feeds. Tﬁe major
c&mp@ﬁ@@@S'@f the model are outlined as block-segments. The
vfirstvlz ceiumns:specify ingredient supplies, the first 6 are
for cﬁrrent~production'and the next 6 are for free carryover stocké.
Each of th@ fir$t 12 columns is bounded ét a region's supply Of‘.
, ‘the appropriate imgredient, Columns 13 through 24 are for
ingredient export, the following 12 are for domestic transportation
and the\remaining coiﬂmns are for animal/poultry fceds. Thé last
column in'the figuré specifies the‘"rigﬁt—gand—side" 6r constraint
levels‘assumed by the‘exogendus portions of the:modgl.

4/ NOte‘that if P% >0, then “]jf( >

ingredient is employed in feed r.

P%; this will also imply wg >0 if



i3
The firs% 6 Tows set th@;requiremﬁﬁt‘@h@@}shi@@@ntS“ﬁ@ﬁ
exceed suppilesg the next 6 set the requ1r@m@mf that receipts at
least equal domestlc feed usage, the next 4 speelfy feed requlred
and the last 6 set export requnrem@mtsg The Eﬁst oW represents

the abjectlve function. The flrst ﬁkgmlumns of . ﬁh@ @b}@gﬁxv@

‘Iv . 3 ‘~» )
T e e Y

‘vfunc€1@n would camtaan 1mgfedggnt c@stsﬁ the m@xt 6 would @@ﬂ@@lﬂ
1ngredxent:c@sts plug a s&@E@ge ch&rg@9 C@lumms 13 ﬁhr@ugh 36

would contaxn point to point - tran&fer c@sﬁsqi The remaining columns

.X
S VLY

would comtain the cost; in each alternatzve f@@é\f@tlﬂﬂy @f the
viﬁpiici&iyliﬁgluded imgred;gnps.;fmghle Q»pr@sgmts‘some'statlstlcs
Eél@t@@bﬁ@ th@ @ct@ai model. That m@d@EHC@mﬁéim@d‘a ﬁ@téﬁ of

3, @79 columms and 5@7 TOWS. lltﬁﬁ@ﬁ saiw@@xby{&h@‘@?Tzﬁﬁnlinear

_ programmlng cede on a CDC 65@@ camputere

CResuits

Two variantsbaf the mbdgi were saﬁveﬁa The first, teferréd
‘to as Model I, comtained in %hezégﬁéﬁéiéé function all imgfééient
and transfer costs. F@Evth@,%@@@ﬂdgwﬁgﬁ@rﬁﬁﬁ“ﬁ@5@§,ﬁ@@@lfﬂly\-,,
the objective fuﬁcti@ﬂ é@mtaim@d émiy trangfer é@sts, M@del I
’would glve estam&tes of interrsgional £10wsﬁ megional lngredleﬂt
use, and 1mp11c1t values due to. 1ngred1@ﬁt‘amd t?ansport‘csst
’dlfferentlalse Model II wou%gﬁg1V@ the same information due only
~ to transport cost'aifferentials. M@del II would suggest ﬁélues
for a purely competltlve 1ngred1emt procurement and dlstrlbut1on

Foriad il o

bsystem, Model I would 1nc1ude;sqmg;aspegts of theureal SYstem.

Both models were solved using ‘data for 1971,



Figure -1, A Schematic Re?xésantation“of the Full Model.
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Table 4 . 'Maximum and,ActuaEINumber-of Activit7cs ir the Model.

S _ Maximum  Actual
Teem = - iarcvwen s activitiea - v - activities

Humber é; é@mestlc shlpplma » o . |
§oi@tsa v R O AL (- T DN

. Number of domestic tecedwimg <. oo Ten
~points. o _ . 16 16
L ‘ o . TS L T ST Hy RN o W TS i Pt PR
Number of export ooints. - 9 ‘ 9
Len T : e LU D Ve oo s, e T
Number of‘feed 1ngredLents. 7 o 7

Vbl d S St e mBOC e ar T

fsuﬁber §i rows im madel El _ - ?83 B - 307

“Number of columns in model. 58@8 :’“LW“V 3679
) ST e : rowas sodved iy e DEFERMA T e ey

o e

‘Current Pfoduction“-f‘?}“ coLpuTeY. 112 o : 95
~ Carryover stocks 112 e,

. Export transportatiom o t1; §©Q8.:- ‘:-~u: - 154

| ‘fmeeism;c transp@recé;éiéqa{.-; ‘, sz o 493
 Feed rations e 2sae
Density of Matrix @?@?@é@%ﬁlu'; | L e

[RI RN Vil

Computer Processing time (@ecomds)

ARSI Vit

Gemerat@ matrix o o . 68
Solve from advanced basis - L o SRR -7 A

Wrise reports - o . k33
/I . . . peety . RIS IVE G ' PO ple b e L

Total processing .*"V‘““i-ff“‘“yv”°f ’ ::""““t'li§8

3

[DRGISY O {11 TR RS £ A |0 B L S S AR -t

l/l‘he number or rows for the maximum ipcludes the rows which would be
elimipated by placing uppe?r ‘bounds on’ the produt'lon and carxyover
portions of the model.

N
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A solution éf the model produces a iarge Qu&put@v Estima$@$>'
are obt#iﬁed/fpr.guantities of each ingredient shipped from each
of the‘16 ddmestiC‘fegioﬁé for domestic and expopt use. Estimates
of thé quantity @f‘eéchlef the 7 ing?edients imported into eacﬁ'
~ domestic regivm, and to each export point are also obtained. Thé“
@utput'inciﬁ&és @stiméteé of the quantity of each of the 7 imgredients
used in each of th@'i@‘fe@d'types in each @f,théflﬁ domestic regioms.
‘The output also includes implicit values[for‘each ingredient and
feed type'in each fegi@ho vAlI of.this information is too large
2 volume to d;scuss at this forum Therefore, only the aggregate
- Pesults will be discussed.5/ |

1. ’Ingredient shipment.

In terms of total shlpments, estimated movement was

greater for Model T than for Model II; 58 05 mllllon tons for
. Modei I and 69.15 mzﬁil@m tons f@? M@del I (Table %). C@*n
was the 1mgr@da@mi §hlpp@d in greatest qa ﬂtl@l@S; 29.6 million
'tons and 26.5 m;llxon t@ﬁs for Models I and II reqpectlvely
Wheat was the ingredient shipped in the second largest quantities,
‘mainly fof @xpért to ihe wérld market. Grain sorghum was the -
\iﬁgredient,5hipp@d in second largest amounts for domestic use;

13.3 million tonsbf@r Model I and 2.1 million tons for>M6dei'II

5/ “The Appendxx to this paper contalns dlagrams and tables
which show some interregional results.
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5.--Total ingredient Shipments - solutions

ALl Ingredients

Table
from two*models,fi§7}&'
T : - - : e "Model — 3
‘ Ingredient : Shipment type - ',1 B "‘IVIE
™ T------Million tomB---------- |
Corn Export R 14. 14.1
Domestic ' 15.5 . 12.4
Total ' 29.6 ° 26.5
Barley Export 1.2 1.2
‘ Domestic 2.2 .3
Total ‘ 3@5 les
Serghum “Export . 3.2 3.2
~ : Domestic . 13.3 2.1
Total o 18,85 5.3
Wheat Export 18.0 18,0
Domestic 1.1 .2
Total 19.1 18.2
Qats Export é@% .05
Domestic 5.4 .6
Total 3045 + 65
Rye Export e d L .2
" Domestic .5 L1
. Total: w7 )
Soybean Export - 4.5 4.5
- Domestic h 1.8 1.1
v Total 6.3 §.6
'Tdtaﬁ .
: 69.15




i8
R  A§ would be‘éﬁp@cte&, the r@gians having the Eafgest‘suppsies
ﬁere the maj@r shipperé aﬁd the regi@ns héving the'smaﬁlést supply/
féed'requireﬁént‘ratio were theAmajer importers; There were different
-indications Ey'the_twu models as t0 which regions would be surplus
» @rvdéfiéitif@rvindividu&l ingredients;‘ In geﬁeralg Model II indicaiéd -
f@wér'déficit:regi@ﬁs for individual'ingrédients than did M@d@i;ﬁ , and
.re§u1ted in the lower t@tal‘shipments observed from Model II.
2. Ingrediemt;msé;. | |
 1Estimated total usage of the sg#en ingredients was larger
from Model I than from Model IT, 190.1 vs '179.0 million tons.
misf' is ﬂdt_ a surprising result since the implicitly inczudgd-
\~ingré&ieht$-aid'ﬁ0t haﬁe a cost attached under Model II. Thus,
ModéI;II ﬁi11‘re§resént the estimated minimum ﬁse.of.fhe:ingredﬁentsgv
‘ﬁé’hofe fTOm Table 6 thai this does not méan that each ihgfedient
o will'bé used in a_smélie?’amaunt, SiHC@‘ﬁhe use of wheat for
feed is more than doubled in Model II.
Corn was used in the largest guantities under both models,
acceuntiﬁg for about 62’percemt of tctal»ingredieﬁt usage ffom
" Model T and 58 percent from Model IT (Table 6). Swine feeds were
estimated to account for the major usage of corn by both models
(Tébies'?vand 8). Sorghum was estimated ﬁd be used iﬂ~the 
‘second iargest quaﬁtities, 23.9 miilion tdns for Model,l,an&
16.0 milliég.tons for Model II. Poultry feeds were thé iargest
single user of serghum in Model I and Beef was thé largest

user in Model II.
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Table 6.--Ingredients fed to livestock -- two models,

ingredients iz2.0 23.1

1971 - :

Ingredent gt ——TFeded . uspa
- Ingredemnt oy ¢ gy 2§ o§yr ! estimate

Mii. Mil. . , TTHRT.

‘ : - tons tons » Pcs. Pct. tons
Corn . 124.7 116.6 61.84  $7.76 108.2
Barley  10.5  18.8  5.12  5.42 6.0
Sorghum  23.9  16.0  11.59 7.81 19.2
Wheat 8.7 12.5 2.8 6.22 6.5
Oats 15.3  13.0 7.6l 6.47 11.6
Rye 9 .6 .45 .30 .4
Soybean meal 8.3 9.4 4.63 4.68 13.5
Total . 190.1  179.0 94.03  88.61 166.4
Calculated

total ' o . o

~requirements 202.1 202.1 1i906.9 1060.0

 Supplied from - '
implicitly
included
5.97  11.39




Table 7. »mlmgxedlent use by llvesﬁock 1m th@ U.S.
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@

‘Model 1, 1971
ilﬁgredient : Dairy‘ ; Beef Swine Poultry Sheep
T —— 1 000 ton----------s-so-ooooois
~ Corn - 17537.5  37528.8 ' 53604.7  15372.1 658.2
Barley 190.1  7385.6 132.0 871.8, 1698.6
sorgEQm -@n@' 8099.6  262.5 15518.7 0.0
Wheat | 1188.6 724.9  3452.4 353.2 0.0
oats 5992.8 759.9 3715.6 4794.0 0.0
Rye 0.0 0.0 847.1 18.3 0.0
SBM : o7esa 412.3 6085.2 1935.1 116.5
Total . 25674.1  54911.2 _68@99@? 38863.2 2473.3

Tabﬁe 8. -ningrediemt use by lxvestoak in the Uu.s.

Model II, 1971
Tngredienév;’Dairy Beef SWine P@ultry Sheep

» e 1 1,000 ton ~~~~~~~~~~~~~~~~~~~~~~~~~
Corn 14641.9 39282.5 4167965 19977.4 | 1063°2
 Bar1ey 337.3  3676.6 ‘448453 ‘.1168;1 1288.0
‘Sorghum 2599.8 | 7404.6  847.6 5119.1 0.0
Wheat . 1580.1  3687.4  6191.9 1017.9 0.0
Qats 0.0 404;4° 8266.1 43524 0.0
Rye 0.0 0.0 519.8 111.6 0.0
SBM A 294.9 722.6 4881.1  3408.0 117.1
Total ~  19454.0 55178.2 66870.5  35154.5  2473.3
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Sunmaqz

This study was concerned thh a spatxaﬁ @malysxs @f llvestoek

use of seven feed 1ngred1ent53w coma

";plgy,vs@ﬁghums wheatéhgatsg

fye,:andbsoy5eén meal. Thége'seVen 1ngrédient§ Qere'spécifié&hés.
the’ pr1mary inputs into 16 types of livestock/poultry feedé .
vnatlonal 1nterreg10na1 spatial equmllbrlum model. waS &evelaped in
a linééf programming structmrée Sixteed d@m@s&i@iimg?@di@nt Lo
 pr0ducing.and’con5uming regions, as well as mire iﬁgreﬂé@n& SXPOTL
;points;‘were inclu&edvin théfmodel tﬁ.f&cilitéﬁé'aﬁaiysis ofv@he
interdependencies Between'fee@ ingreédient prodﬁcing regi@nssfthe"
transport sYstem and feed consuming rpgions°

“Two variants of the basic model were solved, each providing
implicit values of each ingredient in each region. The solutions
estimated optimal, ieéstiébét: iﬁéfé&i;ﬁf ﬁé@éméﬁts‘ﬁétééén”é@ﬁéstic
'regions'aﬁd'td export points. , The solutions, alsc provided estimates
of ingredient use f@rbeachwfééﬁwi§ﬁe %ﬁwéaéﬁw&éﬁésﬁié.fégi@mgméh@sé
estimates were aggregated and discussed under h@@ dings of dairy,
béef, SWine;-90&1try»'andL;%éép; Iéé%é&ient 1dent1ty with respect
tofboth source and disposition was maintained throughant the System-%
proViding‘detaiﬁed information about the source and use of iﬁdiﬁidu@ﬁ
feed ingredients, and the”iﬁféfaéti@ﬁgmb@tﬁ@@ﬂ”th@‘3@@&%1@%“@f”gwpp1ﬁes,
the transﬁérf system and thevpaints of consumption. -

The analytic structure of the model is such that important
‘information about the effects of interdepéﬂdencieS‘in the feed
grain-livestpckveconomy are 6btained,v This‘information will be
- valuable té both government policy analysts and business enterprises.

(1) The results indicate where pressure‘is likely to be placed on

the transport system. (2) The results indicate where significant
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ingrédient défiéits and surpluses are likely to occur. (3) The
vréswits @r@vide guidelines for p@ssihl@ ch@ngaﬁ»im the location
AofiliVeétock:feeding. (4) The xesults, by inciuding the system
‘interdependencies, provide measures of the felntivc competitive
bOSitions of the various géographi&’rcgionso | |
‘l}“:SQMmafy‘fesuits‘4vMcdelé I ahd‘II,

| Model II differed erm Model T in that the’abjective'
‘Function for Model 1I contaihedyénly transportation éosts while
the Objéctivé function for Model I comtained ingredieﬁt costs
‘as well as transportation costs. The solution to Model II
would BévconsiStent with a wide variety of price structures
_“bﬁéguse tﬁe equiiibrium values obtained aré price'differ@ntiaﬁs.
This means that the total price surface can be deriVed frdm'
one regional price. Since Model I contained iﬁgre&ient prices
the‘soiﬁfi&n from it will embody some features of the real
priéé strustare which were not ail@W@d to operate uﬁdef Model IT.
The Séfdtions show that these treatments of the price structure
" can produce different results. |

Y”Sﬁipmemts of ingfediénts were consistently highér for

Model I than'for Model II, a t@tél'@f 69.15 million.tmns
fdf Model I.and‘SBoﬁé ﬁillion tons fér Modél II. This result
foligws the fact that costs for 19 ingredients, in addition to
the'seven’studied,,were included in Model I but not ir‘nvModel‘II°
Thé result wés that these ingredients werelsubétifutédﬁ as ﬁpch o
"as was allowed by the feed fations, for thé seven included
ingfedieﬁts; Thus, Model IT may be viewed as giving the
minimum con#umption of the seven}ingredients. Tﬁis does not mean

that Model II provided the minimum consumption for individual
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_ingrédieﬁgs;; De$pite tﬁe fact th#tltotéltcgﬁsumpfi@n'fbr ModeE iI ,:

i‘wésfgl:miilj§n £Qn§léweikfhgp §9§;Mgde;quggQéélivs%LEzgﬁo;miilﬁdﬁ
tons) increases were noted in the consumption of barley, wheat,

and soybean meal.

Imyllcatlens'

The results thazned from thls study have 1mp11cat1@n5 f@r 1
‘ four 1mportant aspects @f the feed graln-izvestock e@@n@my - The
compet1t1ve structureg the pr1ce structure, ‘the’ transp@rtat1on
,-network and potent1a1 fbr reglonal growth Each of th@se 7
’aspects is an 1mpoftéﬂtlelement 1n the envir@nm@nt @f th@ farm ‘
andrlndustry»S}relatlon to:fheitOtal econ@my.‘ This study can»

Gl ey

ﬁré?idé uﬁéfﬁl‘iﬁférﬁéﬁiénhfééﬁtﬁé'éna ysis'éétéé¢ﬁugfhﬁhésé" B
aSpects. o v CASRITRLLOR TR ey g ' :

>ie' Reglﬁnallc@mmetztz@ﬁa;

| A purely competntlve m@del wag used in' thxs reporte‘”“

In th1s form the results may Ee used t@ measnre ﬁevaat1ons by
the real system from th1§ %1dealw (subject ta the exnstence
of appropriate DbservatnonS‘frﬁm the“real w@rid}o. Héweverp thév'
'vmodel was c@nstructed in such a way fhat 1t can be used as a
Llaboratory to anaiyze the 1mp11cat10ns of a less competltlve R

'system. Thls may be accompllshed Dy placing b@unds andior

- ratlo restrlctlons on some of the act1v1t1es 1n the model

1 9 i)
5T v 1
Wil ' i L
4
IR IR I ivs ey 4
v 8] 3 s h
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2. TréﬁSpqrtatiGnav )
" The model may be used to énaiy%c’an enﬁé?eiy different
question: ﬁhat of failure to provide transportation facilities. .
Region‘s (Ohib;‘lndiana, and 11linois) was the source of cérn
for Region 1. If-transportatioﬁ facilities were not availablé
to carfy the quantity‘of apfn cufrently estimated to mave:v
between the twd'regiong, the cost to the syétem, at ihe margin,
would be $4.50 per“téna Tﬁis would indicate that the marginal
value 6f an additional umit Ofltransport facility would be $4.30.
The use of Bounds on thevtransport activities, and some Sensitiﬁity
‘analySis would prbvideva'more complete set of information.
3. Price structure. |
The‘impiicit prices provide information which is uséful
at both tﬁérfirm and industry level. These prices may be used
to ahaiyze a variety of questions. Fof examplie, under Model II
we found an expeéted @quilibrium corn price diff@éen%iaﬁ of $13.20
between regiéns 1 and 30 This means that on the basis of the
mbdélvéSSUmptions we can éxpeét the price of cofn in,région 1
to exceed the price in region 3 by $13.20. We conciﬁde that
regign 3 ﬁas a c@mpetitive advantage over region 19 Altefnativeiy
Wé‘may conéiu@eg f@flé.firm in.regiom 3, if c@fn can be sold in
region 1 for a differential of more than $13.20 per ton it will
be profitable to do sc. On the other hand, region 1 can profit
by obtaining cornm in region 3 at a differential of-léss than
$13.20. At a moré_aggfegdte level this data indicafes some
possibilif@es for reaction to nafional grain policies. If the

_corn support rate differential between regions 1 and 3 should
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exceed $13.20 one might @bse&y@ producers in region, in effect,
selling their corn to the government an& importing their needs
from region 3. If the priée differentials frbmJModel'II'are;
used to set support rate limits we can suggest that it willrbe
neéesséryzte'suppdft corn prices at leaSt,at'$13.2G per ton

(37 cents=per‘bmsh§1) more in regiom 1 tham im region 3, if

we are to expéct to remove corn from the market in region 1.

4. Regidhai growth.

“If additional data is combined with the implicit prices
they may be used to form 2 guide to expécted regional grow?h in
ingrediénts livestock, ?@uﬁtrys and féeé production. 1Ev@n
without additional data the results éan give initial guidelines.

"According to the results from Model II the equilibrium differential
for swihe feed (number 8 feed for @xample} is §12.94 per ton
higher in region 1 than in regiom 5. All other thiwgs @quaig
this implies that as long as the cost of traﬁsp@ﬁtiﬁg‘fe@d from
fegion 5 to region 1 is less than $12.94 per tom we can expect
a grdwfh'iﬁ'feed manufacturing'in region 5 relative to region 1.
5. Ait@rm&tive analytic possibilities. |

A spatial equilibrium model has been used in this study.
.The structure of the model is such that, if additi@méi data were |
available, temporal or temporal-spatial analyses could be performed.
This can bé achieved with little change to the basic structure
‘of the model and would Be especially useful when dealing with |
?roblems rélated to the’schedﬁling of production, stoiage space

and transportation facilities.
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Conclusions

The main conéﬂusi@n to be drawn from this study is that
‘the method and model can pfovide a wealth of information which
is both useful and relevant. The information is consistent
Qith some of the main economic decisions whiqh policy analysts
and business managers face. in particular, the model provides
a m@éhanism through which one may imvestigate the impact of

- .

important economic forces.
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. Dable 1o

Supplie@ and Estimated Disp@@ition of Corn,. Mmd@l@ I and II, 1971,

Model 1 . Model II .

. Shipments Fed to -~ Shipments Fed to o

_mgion Supply Received Export Domestic Animals Surplus Received. Export Domestic Animals Surplus
(Million Tons) » ~ (Million Tons)

i 011 1.943 e - 1.957 - 1.452 o wnim - 1.463 onem

2 4.709 . 263 oo - 4:974 e L e 652 e 4,056 cna

3 73.372 - 3.533 4.177 20,156 46.503 = == 10.706 3.040 ~ 18.291 42.334

4 32.567 o 1.236 mn 17.12% 14.205 e '1.236 - 16.405 14.925

5 57.406 - 6.974 4,086 25.460 20.884 - e me 26.617 30.788
6 5.671 — e .989 2.740 942 - - e © 1.644 -

7 25.266 - - 6.220 19.044 o e -= 8,691 16.428 146

8 7.585 - W41 - 7144 s s 1.250 == 6.335 -

9 r 4,260 1.967 @ == e 6.227 - 1.588 e - 5.847 =-
10 4,784 - - - 4,031 . 752 e - - 4,128 656
11 1.908 . 1.908 1.908 - 4,086 e b4 ,.547 e - . 6.455 —
12 1.807 1.807 o o 4,664 458 e 249 .703. <854 . --
13 .201 .201- - e 201 - e o oo .201 -
14 1.603 1.603 - - 3.692 - - 1.137 - o 2.741 -
15 .296 C.296 oo - .218 - .078 - - e 2206 | =
16, 1.167 1.167 = - - 2,978 - 3.711 o e 4,879 e

223.622  15.475 14.095 15.475 124.70% 84.823 12.436  14.095 12.438 88.850

Total

116.649

8¢
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Table 2, Supplies and Estimated Disposition of Sorghum - Models I and iig 1971.

A'.Region Supply Received Export Domestic Animals Sﬁgglus_Recei@@d Export Domestic Animals Surplus’

Model T

~Hodel i1

Shipments -

Fed To

- Shipments

Fed To ...

.004

 (Million Tons)

(Milliontfans)

Total

1 176 - — .180 — — —— e 004 e

2 .004 166 - — 70 e - - - 006 -
3 .428 - . .340  .088 — — - -— 428 -
4 .006 - - e ,088 - - - — = .006

5  1.731 - -~ 1,117 - .613 — - — 1,731 - -

6 .564 — — .395  .168 - - - # .109 - .455

7 . 15.647 - 3.023 11.470 1.150 — - (156 406 .508 14,581

8 L2270 1.214 - -— 1.442 - - - - 227 -

9 079  1.034 == — C1.114 - - —— - L.079 -

10 1,140 e - 140 - —— - - 140 --
11 .896 6.232 . .181 - 6.967 e-  1.731 181 - 2,445  --
12 14.487  .666 == == . 4.981  10.172 - 2.869 - 8.577 3.041,

13 - 053 - . .053 —— _— _— — % -

14 2,061 . - . -— " 2,041 - - — - 2,061 -

15 -— 207 e - . 207 e - - R
16 .999  3.491 - - 4.490 - 406 ai aa 1,403 -

37.259 13.327  3.206 13.327 23.880 10.172 2.135  3.206 2,135 15,971 18.082

% Less than .0005 million tons

6%
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 Supp1ies and Estimated Disposition of Osts —- Models I and II, 1971.

 Total

Table 3.
Model 1 s Model IT -
Shiyments , ‘Fed to ) Shigments ~ Fed to - :
_§gion Supp;y Received Export Domestic Animals Surpius Received Export Domestic Animals Surplus
1 047  .180 - - 0227" - f_j0293 = e ,v_@346 e
2 .833 775 - - 1.608 = - - .833 -
'3 2,141 -~ e 763 1.378 - —e 040 0 .627 1.472 -
4 6.762 —= - 292 - 4.34%  2.121 - - - 4.403 2.359
5 . 1.637 == - - 2.637 — e - - 2.637 s
6 5.508  ~- 040 2.341 1.400  1.723 —— - — o .321 0 5.187
7 950 == - - 345 .605 — - - .950 -
8 631 .090 e - 284 .237 — - - 431 ——
9 .184 1.055 - - 1.240 e <334 - - - 519 @ ==
- 10 .029 - .481 oo - - 6511 - - - - 029 -
i1 .163 . .279 .006 - -.392  .043 - .006 — -156 -
12 - JAbh4 L 256 - - . 256 RANA - - - Coh44 . --
13 544 - == - == <544 - — s - .018 - .526 *
14 133 - - — 133 .133 - - - 2133 -
15 2187 == - - - .071 L1186 - - . e 187 . -
ié 145  .280 - - 425 - - - = 145 -
21.142 3.400 047  3.400 15.262 5.833 .628 047 .628 | 13.022 8.073

oy



Tabl@f&@i Suppli%s anﬁ Estim@ted Disp@@iﬁi@ﬁ of §oybg@n Meal - M@d@ls 1 and IIQ 19?1.

Model I

Model II

Shipments

Fed To

Shipments

F@ﬁ t@

Region Supply Received Export Domestic Animels 3ur@lus Receiv&é Export Domestie Amimai$>33rplug ‘ o

.075

(Milli@n Tons)

.075

081

. {Million Tons)

) 081

1.125

) 9@%23

1 I . - e — — o
2 405 - - 4035 e 092 - = 092 -
-3 - 6.388 e 2,121 .480  1.786 o e 3.184 — 1-.204 -
4 1.192 - T - %192 0 = e 452  .038 625  .077
5 ?3 ?19 - 2590 1. 362 1.763 = we o me 066 2,252 1.401
6 ) 196 e e 2 19% e 9666 omen e . e@ﬁé' =
7 .553 e e - +563 o= men - 2257 =306 e
E-I <544 143 e e . 688 - . 106 e - C o650 == , o
9 1,338 e= 0 me e 698 .40 = - - 1,338 = =
10 - 4.020 w346 o= :373  3.301 0 == 438 .763 @ .466 2;355§
11 1.465 - 337 1. 445 o 6337 == <484 423 e 1.506 -
12 ©39 126 == o= o520 | = == L0085 == 0389 . o=
13 ‘amas ) egég = @nem ) 9@63 i ‘ aﬁgg we == .»BOZS‘ St .
14 e ".243 e e <263 - - . 168 e we 166 == :
A5 == Q4L == = 041 = 015 @ s o0l e
16 151 213 . == - .366 = 087 - ee L. 0238 =
- 17,759 1.846 4£.3504  1.846 9,316 3.941 4.306 1.125  3.833

 Totsl
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Table 5 Implicit Values for Ingredients, Model I, 197%.

RESION CORN 3ARLEY SORGHU WHELT  0ATS  RYE - SBM

(T/TON) (2/TON) (F/T01) (S/TCN) (F/TON) (S/TON) (3/TON)

“1 B2etu 70.BU 67.83 67.56 66.72 71.47 135.20
2 60,50 60.50 66.23 64.43 65.12 1,93 133461
3 48,90 58,20 56.84 62,68 55,76 Tho88 122,00

4G, 0C 48,05 53.55 61.56 65,42 66,37 14018

46000 58.02 5i03. 6752 64.23 636,47 120.24&

e w &

58000 45084 45.33 564,70 61.72 5,27 13024
7 48,56 51.45 47,27 67 R0 50.00 62,28 151 .94

8 56,30 57.34 63.27 Gi.bk £5.12 Be67 132,08

9 57.76 60095 62,16 6..77 66,18 Tho98 116.4¢
10 61,06 5108 5.8l 53,90 56054 62,79 122.0¢
1 5600y 59,14 SE.03 67,80 58.72 ©3.39 128.24
12 AV»SBQ&E 53.22 52.0° 62.77 59,87 62,35 127.86
13 57.26 46452 51.97 k4,52 45.32 69,40 166496
14 ‘5599# 55,94 54.6% 55,98 58,36 55.18 134094
£5 62,90 50.74 64.3- 51,73 51,24 51,54 146,94

16 €5.36 65,62 64,03 72,78 69.02 75.90 146.94
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Table 6« Implicit Values for Ingredients, Model II, 1971.

-
- W e G en A D DGR SD GO R ) Ch @D D TR G0 T DD G M R D TR B D R D D G T P D D WD @D 6D G T G G @D B D D T D @ G D @ T W

EGION  CORN - BARLEY SORGHUM WHEAT  OATS RYE = S9H

D - D e D W DT W W G O D D RGP T €D GD WD A Ob O AP R W G D G @ D O TR €D P T R D G TP D T 9D T OB 6 D Gl 6D B DD @D D ID GR I WD

($/TOK) (S/TOMN) ($/T70°1) (K7 TON) (S/TOM) (S/TOND (L/TOND

1 13,20 16057 13,77 16,58 12.16 25,90 13,20

2 2470 2495 6. 2.98 2,78 © 2,76 4160
3 B.B0 1033 Jic  «38 .56 12.64 85
b 8.00  0.800  2.0% §.00  0.00  0.00 0006

5 0.0 £5.25 <67 1ke38  17.81 ©67.21 0006

& . 0406 608 8.3 .80 8.0 @Q@u” 10.06
7 8.00  5.83 3.8 - 180 <01 61 .03

8 welz 5,61 5.5°  5.85 6004 "s.aaggi@oza
3 8486 9021  Sek. 9078 . 8,98 17,58 1.15

10 .06 8e80 el 5a0D  0e00 000 806

11 6.3t 7,65 6,35  Sa18  8.61 21.74 | 7509

12 .82 .73 8.0 9.18 475 o7&  2.8%

13 0000 0.8 663 2,00 0,00 0.00 46.8¢

16 7,38 B.57  8.92 6,20 6.66 651  7o47

15 0.06 0.00 42.67 0090  0.00 aagp'f16;5a

16 16480 16,80 16.8. 19410 17.77 26,50 16489



'Tablé 7¢ Imputed Feed Values,_&ll‘ﬁégignsg Ail"Feéd'Iyp@39 H@dé1 I, 1971.

L e e e N T L L L L L L T o Y Y T P P P P L L LY T L T P Ry e T Y T Y 1)

- BEGION

(=]

18
11
12

13

ik
4%
16

. - Feed Type . ] _ o L o
O A T T e T T
T T T T T T T T e o T T o o e
65,52 58.77 62,68 70.86 76,17 79,62 69,21 Tiokb 7880 8239 77,54 88,71 66,35 88,91 0.0
63.52 56,76 B0uA6 88,77 73,91 67,05 67,65 70.6S 77,73 02,57 75.47 86053 83.3¢ 18,95 £3.9%
52.78 47.63 49.06 57,84 62,96 57,55 56003 'sagoe 69.35 7212 65,16 76,92 73.03 €6.70 5Zok1
$1.56 67,78 89,14 58,97 65.89 80,43 5781 57,68 75,15 73.91 65,50 76,79 73,00 69.82 $3.31
52,00 45.63 46021 5890 6..23 74,29 53,25 58,42 64.86 62.71 62,96 7488 71.38 66.81 49,57
48.87 42.3% 46,97 57,62 63.82 58,15 §$a§§ 53,79 . 59.46 66,76 61.17 T0.86 67.67 €4.37 49,78
2001 67.69 68,71 59.3: 6598 61,27 58,30 56056 63,16 57,81 686,68 79,42 74,59 - 71.10 $3.53
59,73 53,92 56,27 65,82 7.3 65.27 063,65 87.76 76,82 78.73 71.81 83,86 §0.03 75,46 .00
61.10 55.89 58,31 5.3 68,93 66.75 63,68 67.06 73,9 PA.08 70.26 80012 T7.34 73.e5 6209
S5, & BO.47 51078 3%0.83 €%.22 53,83 67.%9¢ 'ﬁioﬁé 67,47 73,42 65,29 T7@00‘ T2.94 EB8.EE 0.0¢
S7.36 51.31 S4.59 62,52 B5.16 62,51 61,12 63,58 62.%6 76,62 €9.06 91.28 76,99 72,61  0.09
56,73 50,66 53.53 6177 66015 61.67 66035 80,60 65.18 71,50 67,80 79.71 75,04 71,37 56,71
S1.48 4ok 51.67 6339 67018 5106 53,61 60.35 65,61 71,88  0.00 0,00 0,00 .00 S1.23
58,89 52,67 56,31 55,69 68,77 61.80 60036 63,286 57,76  7k.05 72,50 85,25 90,95 76.29 59.63
$5.92 48,40 56.39 69,0 7..85 96,05 S$6.07 61,52 75082 73.40 70,35 81.68 77,87 Ph.07 55,23
63.70 80.30 8S.%n 70,77 7ol Teobd 73012 7185 78.R2 A1.60 81,95 94.06 90,50 85,85 €9.23

~ @ W & W N

3

- 65042

63.82

5271
51,53
$2.72
&8.91
52.01
60.7%
610142
'Sﬁ;ﬁk
57.3§
5673

§8,467

58,89 -

55.31

83,70
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‘Table 8, = Imputed Feed Values, All Reglone, All Feed Types, Model II, 1971.

FEGION

® & N @ W & w e

[ T - e
W W M e @

1%

. Feed Type . . ,. .
TV e s a s el v s e de an iz a3 1e a5 s
o °'Zf°° T T T T T T e e T T T e e T
,o;ss 8020  9.92 1059 12,47 11098 18:80 12:9% 9,88 9,%5"'%;10 10096 £8.22 9.80  9.68 - 6.00
2003 .87  2e87 2086  $.o45  3e32  2e43 2062 257 266 2026 2,68  3.21 2053 2.28 3.42
BBy - Bo.8 8000 0000 oB6 oif 04 008  0.0E «89 .08 ol e »44 081 204
0.00 0ouB  8.80 0.00 Gob. "o80 0,08 000 0,00 §.00 0.00 0,00 0,00 0,08 0.08 0.00
Be80 Qo088 BoB8 806 Do8) 008 13868  §.00 6:06 000 - 5,00  0.00 Q;@o 18000 8,00 0400
0.00 608  8.0u  0e08 o8¢ 1,40 0080  06.00 80  §.00 0060 0,00 . 400 +32  8.00 N
8,00 GeLT . 800G  0.00 201 008 061 208 Qo006 0.00 0000  o01 .02 0% Y <00
2,80 359;‘ 3032 3o38  4¢31 668 - 573 5,67 3036 6,56  &o15 4,51  &oTi 6,38 455 0,00
Bobl 6086 7083 Poll Tebl 833 7.85  7.86 6005 5488 6087 5435 ke32 - $.87 .01  8.00
@;@g' 8.60 .08 9,00 8204 €o03 | 0400 0.00 .86 600 0000 090  B.00  8.08 6:00 .00
1,33 o Rs9b 5040 .09  §.86  6.02  B.52 5035 6,68 5639 5.06 8,56 5,10 $,3L - 5,88 S gend
8167 0.8 8.0 0db eS6 449 62 .65 . 0.0C 0.0 6,00 61 W85 .87 €1 082
8.07 059@ 6000 0008 335 2086 .00 0,00 0000 <56 b0 8o00  B.00 8.08  8.00  o7€
3.60  2.78  5.29 5092  €e87 5032  5o68 5,86  $.32 6,85  ©,56 5,53 é:&a 8,62 S.61  6.61
005 0600 0000 - 2:88 .18 4086 098 0,00 806 .83 60 Bo08 1067 053 GeCO
38692 7.5 £3.32 13.88 85.85 26009 15,32 15,93 32.36 18.93  42.80 44,46 A%@e%&' 13.73 13,88 48,60
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