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An Int~rl!'eg:i@nal Analysis of tiw~st@ck 
· Use of Selected Peed 

Ingredients 

by 

Introduction 

This is a report on a project conducted cooper,atively by 

ERS/USM. and J,>urdue Un.iversity. l/· The sttldrwas ·an analysis of. 

the t1Se of feed gra:ins and soybean meal in livestock and poultry 

:feeds and concentrated on three aspects of th® fifled gl"ain--livestock 

sectoJ"s of.the econolily--the regional location of feed grain supplies, 

regional raquii'ements for livestock·nd·poultey f~ed~,, Md briefly 

OB requiremmts for ®JltP(;ll't glf.&ins nd scybeu llieal e A ~~tional, 
' . 

inte:rregiainal~ l~em'." p-1rogr~ng iii@d~1 'l;f~ the&Qdel 

included interdependm.cies between the feed grain and livestock 

feeding sectors~. 

. ·'· ' ' 
model of the principal f@rc~s in the livestodt=fe®d grain economy. 

Within this context.$ specific objectives cf di® study ~ere as 

. follows: 

* R. C. Kite ls an Agricultural Econoidst; 1 National Economic 
Analysis Division, Econoe:ic Research Service, USDA., Wmshington, D.C. 
J.C. Snyder. iz Professor of Agricultural Ecm101Uics"' Purdue 
University, West La.fa.yet'te., Indiana.~ · 

· 1/ Rodney C. Kite, An Interregional Analysis of Livestock Use of 
, Selected Feed Ingredientsii Unpublished Ph.D. Thesis 9 Purdue · · 
University 9 May 1973. · 
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t1) ·. develop a 

sufficient fl~xibility to 

by policy makers. at the firm and national level. 

(2) To develop an automatedj computer version of this model. 

(3) To.estimate livestock/poultry feed use of seven feed 

ingredients: corn, barley, whcat,, oats, rye, sorghum and soybean meal. 

FiVe categories of livestock 1)(l'tere included in the analysis: dairy, 

beef, swine, poultry, and sheep. 

(4) To determine interregional equilibrium values for 

feed ingredients and livestock/poultry' feeds. 

•The model for the study consisted of 16 domestic regions and 

9 export points (Tables 1 and 2). Estimates of interregional 
' . . ' 

grain movements were obtained for the seven feed ingredients as 

they were transferredbetween :regions to meet livestock/poultry 

feed and export requirements. A set of equilibrium ingredient 

prices, consistent with 

In addition,, :equilibriw values for 16 livestock/poultry feeds 
. . 

were obtained for each of the 16 regions. Estimated use of the 

ingredients in the 16 feed types was aggregated into use the 

five 1i vestock/poul U:·y types. 

~ajor Come~nents of the Model 

The model contains six majo:r' components: locations and 

quantities of feed ingredient supplies, locations and numbers of 

animals on feed, export and import of feed ingredients 1 formulation 

of animal feeds, human and industrial use of feed grainsf and 

the transportation facilities connecting ingredient supplies to 

the locations at which they would either be used domestically or, 

exported. 

• 



Table l. Designation of Domestic Regions with Origin and 
lDJestination Points. 

1 

2 

J 
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Region 

~ii~ 
"- lll"'"f,3loi<<l> 
Venr.cmt. 
Conr1cc't. i C'l.llt 

~od'i.l' is!@nd 
Massachusett:1 

~ev 'Yetfk 
li«-v Jersey 
Pcrmsy!vani<fl 

i)!,fo 
!11Kli<lil~& 
UHnoia 

OOie:M~e" 
Glinco!l!~in 
~i®~G@lt&l 

l!orr!!.h C:Bkota 
S-m!!ilh. €ll.$kO~& 

~a:r&9fzd,ll 
&.13~$.!,ijfl 

Oat.@ 

~i.iNJ,!:!iimi& 
Cfc:wt 'lfi~eyil.ireio 
t~q!.mnd 
~ilaw.ai("e 
N,o;:t~ C'4lir@li.na 

Illlgredient 

C@ir~ 

\'aQil"i(c'y 
Sorqhw;..1-
ifheat 
t).n,t,g 

~ye> 
Soyt,:esn fle,d. 

Con, 
ISatr.h.•y 
Sorrqhu111 
'ii11c.lit 
1t}J1ts 
ll>y .. 
t..avW®~~ ~<IBl 

CoF,~ 
~d<'W 
So:rqhwr.:'1 
.Wheat. 
0..t~ 
~ 
!l"lfill<o'"' ~ .. n 
corn. 
!k~1. .. v 
Sorgh""' 
t\:.'tii@&3~ 
Oat.e 
11y .. 
Soyooan """l 
C@n 
~"l!rA@-y 

§erc:eyi'umi 
eruia"e.t. 
ruitw 
l'ljy@ 
t~Jlijo ~al 

Cotrw 
ll~<ley 
SOir<Jihili(;l. 
Wh@at 
(Jo'll€:.t!i 

Ryo 
$gylbcaiil £'.,lci!U 

CO!i1lll 
SlsE1r_Yew 
$GJ"t3h~il:l -u Ga~ .. 
!llj/<l! ~iiie,.,,,.,,,,h 
C@lrlll 

B~i!"hE!'.'y 
Sot!"ch~t.ii 
MhP.IY!~ 
O.:;it.;i 
Rye 
S@J'!MM@ l!cai 

Odgin 
Point 

~!m®,,, 

ilE:~\n~Q 
l!.<atE>n'r.!~ N,,H., 
.!teel'llef/ N~ff .. 
ilecne. f'.M~ 
hen@., N.H. 
lteene. rt.ff. 

~onti!l~ N,,W. 
Oneont.d!il. N~'i. 
Oneonta~ !N~Vo 
Oncont.ai, fl. Y. 
Oneont.!!i~ N .. Y. 
·oneont.81" N,. Y Q 

~~OO~ltd!~ W~W·e 

!U"'°"1!n~to~, .Ui. 
~llt:Mi"rl- 0 f@.id. 
«!e?1i~traii-so JUll.. 
Wfayetl~ • Jri,d., 
M,1;,u·i'1Mll ~ In-& .. 
Lail!lil1f«'tlt~~ II'.~~ 
l'lLt~!~\t@:i;~Q Jr,-.clL 

~fik.oilt.o,:, ~ftM., 
/De~1?0i:H. ~l~u:s,. ~!l\fil~. 
D-2t.roit. a.alt.es~ Minn. 
t. (Ciij;"i.J~ !r'oir!lt-:J, lfH~o-;. 
WilP,ll1liilir, Phrnna 
WliU.,,•r. "liim. 
Ma.nkat0 9 Mi!ilnc 

Vdltty Cl<y, II.Ill. 
A.bcg,irforen., S~D .. 
C«~q<Bry., 5~~­
W.Olhl1rl1eq~~ $.Do 
f3\!l(r0fl~ S oiOlo 
~1d~i!Hl 8 S.O. 
V6Ut>y C!ty., N~_D. 

To,p,.e~,a~ !!('&l!lf!l4H\l 

MDirfti'<J 1?!11Hltajt~ N~br. 
Cr@&d kn.cl~ l!t'.@fHJ41S: 

Ctr,;o,~& lol.l!ind~ ~ll"Kllf'. 
tion-l?'a~:kf N€!>bt'. 
ft(:)i:.lh:iflU&HG/ 0 ~b&'. 
1,'c~k.~ 0 \!tf.Hi'.lfJO.:ID 

Ntoc(lj;y ~iiH'll'l: 17 W.C. 
Hlin~ton Sa.li.~w. ~~C. 
c~ .. utoVi:t"'Q N~e. 
1·,eyqoti"@wt!i.~~ ~.c. 
ltilYfrh.ii!M 0 fS.('. 
Mnapal il!I, ~~ 
Rcc'kf ~lfl,/l:.., PLC,. 

:i".res7f::rruition 
Point 

~,,,SB., ,~ ..... 
~eie~@.i 'W .. M .. 
l!°;<t.'«:nr,-a., M.N. 
K~~no. ~ .. &i:., 
l\o.!?ene, N.H. 
~~ne. N~N.· 

ftii't'-'1'llnt.'1!, ~.V ~ · 
On~onlt.a,:, N.,'lt. 
Oneontai. N.Y. 
L.sr.castcr, P•. 
On~onta, tl.Y .• 
thu!•on~~iB" ~. V. 
0:-rw~>sO'bs!il, ~., f. 

An~E'raon.. h1<i ~ 
!ihHIT!fomi,ta;;duRef Ohio 
A~<irurl;.'101;1., !:nd. 
Andeti"•on, tnd. 
And~!'."!;~fi., ind. 
PeoriG ~ IU,. 
~~m(o.'@,,, RM~ 

f14'lnk11t0,. Minn .. 
~l~e.-:,ni':i!ifi Ci!>U_g,, Wisc .. 
Lan@ iM ~ ~ich. 
WliacOOtun ~g,a!ii,, !Jin.Ge. 
L.,n?aiw,, f'li.ch .• 
LansA.flq._ 111/iict-.• 
Mankato, Hinn ~ 

Ai'-o@li It i!G¾'&. 

Cohr;[~~a,, ~­
C'oll.M.•to11,., MO. 
~ro"' !lfJM'a 
~g .. x~~ 

t'((!IK'UJ""lti-'.~; ~.-OJ~ 
~~IJ ti:@"";9€} 

~H:chel8,, ,~o. 
Ab,arde0n, s.o. 
Cr-eqory., S~O. 
M!ilt.~:'llti?!t,, S.D. 
~HclhirFU., $.Ii). 
~H.d-..@U,, s.o. 
~it.chlfi·l., S~D., 

Coh1MbO"!i!i., t.Te,br. 
~.>Q['t'fi !?'!-Klit.ta'>., ~./l~bir .. 
r,:rlP'l:lt ~~ild!,, !!.,'lii'J'3JH~ 

~I'"., l ~btno,, fO-rt.r • 
Cot ~Mh'.29. ~lclbr. 
Co-hl!IV..hY!!t O ~~ehc.o 
C@R1.1whMl.l, Nch!r.,, 

i::-a.,..ettevi l !e D ~ .C. 
P"ay€'Ct@v1hRe. ~:.c. 
~·aviriU:evi t ~I:' 0 ~a .C. 
f",51y~ttif''lfll ! :-.ea ~a .C ~ 
fay~11;:te11iiic~ :;.c. 
f~.lllvetteva!l~~ ~J.C. 
ll&l')'ettE'IW'aU.a, n.c ... 



Table 1. Co!flltinued. 

. 
Origin Destination 

RegiO.lJJ. IngredielTht Point Poililt 

C©lf!l'll ~,:o,irdclle,, lf"~i.-qi~ ~'il~fll:., 
1),r;r;--:tr.~, ~.<'COTI~ rofl.1llNJl'ls~ .,,,.,,,.,.f'.Ila,, 

South C•,:olina $,prqh~ Coirdl"le. f~O!rqi.lll "t.1·:-,n 0 

' Georgia W!leaf.t. Pia.con. f"o{"Or')Ul "4,~,('()fi. 

il'!orida ulc=ill:9 i'l..llCOft,. C.POrq!e ':'1..11":hn"' r,,,.-,.,rr=,1 .. 11 
l'tyO! Swaunsbo!to, <".a. ~ ~-:,.n"' C:@o~ ·di~ .J 

!!oyb<,QO "°'"l Corde'!e, Gfl>•'I•" ~--con_,.. CEO'C"ll1"1i 

Co::rffil Parts. T.;:,,,1t1nc ~•~l:flf"IM"!l.bar-oa 'f.rnn~ 
B,sn;i~y Nash.villi~., 'h!-tm= ~hB'l"{i'~eo-.ghorro~ "i""G:-i!hu 

Sent.ucky SorqhWil ~a!iihvi!i.e., T~r!!~~ M•iirfrecsh')ro., "::erm~ 
111 Tennessee Whe~t. Paris., Tenn~ ~urtre~ishor."). '!'cofl~ 

O~ts flurfreesboro. Tt>nn~ N·,;i" fr~e11t;oro ~ ,r,!ln~ 

~ .. l.Rxinqton"' l<y. ~uiirfiree,,.boir!u,, T~nn= 
~lJ~.!M'fl ~,it ~<!!riia,. "iTG?nn., ~ug- ( 'li"«><t"~ibc!T o = ':'e:nnu 

C@z-i!l B@~deQ i\.!i"~u 'Li~tie? F.ttX:fu '7 Al!t., 
~il.l!'J~O:,,[n,:Q ~l!'Il~'if t~h:•,, k\;rk .. ltitil.G;:- f}oc-iir.., t,-:,: rr, ~ 

~iiaSris.i:ip~I\ $<ll.:-q-h~ "'· ~~f"i'?.i.<;;,., ~a-~ .. li.ii1t": le lao·.:f;t" .?.l?!L 
11 Airi(.ansas Whc-a~ i:lllyt?ievillie 111 rurk. ?..Bfl'".iq, ililf'"..:h., ;."Frie~ 

·Lo-.uSi.ah.a o~t.s Pine llluH. Ark .. La" 'i.!11!' wc~_-1::.§ -~f'k ... 

1111" &!l!fl@ Bluff~ Ad:. .J'oiC'i".SOfil~ "':H,a>~. 

.$1J:.,ybe&n We~! §fio~ie., A.irk~ ~ i. it le· ~oc~,, AT~ .. 

~@m \:lf.mco,. ~giU,$1$ 01~1l.J'lh~~ ,r, •. ,. OU,;. 
!l,J~li"'I' 1Wichiti1.~ Wai,i'n!:io 'a"~Jl .. Olit!.s~m--% City., o~:~. 

Cll:lahO!Ola Sor9htm Lubboclt, T~xas !!.-ub~ck" 'fre:a:.JS 
u ~)i;J,~S \l!ltc;i,~ fE.!miid,, Oit-R&ill'i~ $,;" Mt.C'l'ilr\9., Ti;::;-xa~ 

Qa~a En1&d., CrtlahQ~a. O}-ioi~Ciiiw~ O'.itUill'l .. , 

li!ye ~rilR(/lr,, T<>':i!d::l in. ~o&:t.h(i 'fe-mlll!i 

Soyl!e"" """jj tiii'aco~ T~XiilS Ott lab~ C:ii. ty" Okla 

ll'Ji\l<,c, ~\W&lfl.,, (C.,::-f.;~--0R"/} "'li"• 
~'W'!f:?o (.",.11',<'~IT'o \¾"ft) .. 

M~t.§W@ '1:.&S~?,; "If@. 
u l©J.cii°U.l"J h'l',nr~f) ~~iflli'.., Lit-&il.;J.lf.ffltl .. "°M• 

mw-1."'ll °""~ ~i1-st.@~ .. Ku..'"ilt. .. 'l"l,<li"in i"~ll!~,, X~alki@ 
K.c.""'Vlfi~i@llil., ~mit. .. 

MJl@'.!'l. (f;,;;:i2,1}R~-r1 \~cy,~ 

C@lfn $'?!{i.W.G,; 1'Je;iiil.G?'lf" a!!"!2., ~illl'W<f?\t., cc~uo .. 
Coloi"adlo ll!alll"ley ~lci<t!~,,. Colo .. Oenttir. f'olo~ 

14 ~ .-lexico SOr9~~ ~Jl1JJ1111ta:., C'ii>!O., !Pw~ .. Utt&h 
&!ri8.IOO'liffi %1h!!>~l Ctfivio., I!. i'lo W'B'O'WO,. ~t;i!;.h 
ftaa!> °"~"' 5o2H.iia11 .r:oli.oo lil~~~'112f1io rM. j'!. 

Iii';<> 59:@!fll.i~~ IL@'&@,, gi,~rywo., UD,t;iiID, 

11<,jflN,a"' i<ed ~plTi~ 'lfel!D~~ ""'~"' fill4"1W'.Qa!'I(" I-" Col@,, 

a>xoro ~n:t!w Or~#ll@lni E!~emHllilll9t'q',, ii-er~ .. 
J;ll!!)dc,f m,,, !j]&Jl,ij_»~& .. @)t~~O?.I IT'll.ac;,mi'>Jh".o.;-~e 8'cl.1a~,,, 

u ~o;~hdltm"Jit~~ $oi\,Jl"~&Wi .-~oo. ll')a~C'ITTI 
O.r~go:.i """"~ ft& 10.uli¼'ii'fl11 ~.,~ !&t•nrillv @rr(f'-~@ii!l 

O&Q:.5 'f'it<' ~J),Rlite-:J'-' Orr~rm C"M, ~~1.:::ir. •- $<,'l.)«!J;I., Or«qon """"· 017~0:0 

~w.(~~ ~&ii lll!!"'1!, @€'"<t'1)~ Eill.G?IJLlgllt;c..!lr.~o l.';ia:;,sl'J.,, 

©mrm;i ifu-a~w~ C,iHf. 'f'~(l;!-]!it:@a (t~j,Ilf" 
i.,ids,11 CEJr~Oll'il. City11 l!ev. W'rr@s®O., c,.ui. 
~rrqlrnt..~ Wi't->$'1o(!)i, C.a..h! ... 

l~ ~cy~ecl ~q,,at. ~:llltlwlO!!'!l!r.wi\1."C""&,, lflil~~ FYe§i:1/'i.Cu;, Cgilflf.,, 
C£'.U€@1:1~a~ ©~it~ '€.:WR"IM:ilft (C!lR:lfo BWw,, !fr,:t-~iroo>11 C,.;,.h.f., 

ll<ye !lresmoa C'dU. 
s~""""'"u 'i"lrd:ilt"E?~ CaUU. !"l'rl?5~,, -eslif o 



Table 

2 

3 

4 

5 

6 

1 

8 

9 

ElllftSCIRIFTION -------------
Su.pell:'ior, Mi1aw::omi2in 

Chicago, Illi~oi8 

Toledo, Ohio 

Philadelphia~ Pennsylvania 

Norfolk, Virginia 

Ne~ Orleans, Louisiana 

Boustoim 9 Texas 

5~~ F~auci~co~ California 

Portland~ O~egon 
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It was obviouS at the o~tsct· that a m~el jndud~.ng aJl of 

the relationships between and within the six compcments 'was beyond 
. . . 

the scope of the study. Consequently, some elements.of the 

system'were taken as given._ This procedure not only reduced the 

. scope. of the st,udy, it also served to facilitate analysis of the . 

impact; on ani~l-feed use of feed grains 9 of the_ il:;xogmo'11s • 

·components. 

1. Supply and location of feed ingredients. 

The locations and quantities of feed ingredients 

available were treated as exogenous t~ the model.· From the 

viewpo1n.t of the study~ a cllange in the feed grain program, 

for example~' WQuld be studied under the assumption that the 

goals of the program were attained, e.g., the production of 

corn was changed by a given amount. It would then be the 

function of t~e •odel to estimate the resulting patterns of 
. . 

ingredient 'use. 

2. Locations and quantities of animals on feed. 

The locations and m.abers of livestock and poultry 

on feed were also taken as exogenous to the model. This approach 

was taken for. tuo reasons: (1) The changes in location of. livestock 

and·pouJ!.try p:roduction are long term in nature and it•is not the 

intent of this study to deal with the time horizon necessary to 

encompass this aspect of the feed grain-livestock eccm.omy. a,nd 

(2) this approach would facilitate analysis of the impact of 
,-

changes in the location and volume of animal feeding on 

ingredient use" · 
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. Export~ both w@lunes mtidl points of dt:l'p&Arture, were 

assumed t~ be~xogenous to the model. ImportSwere ignored. Domestic 

sources of ingredients for export are endogenous. To extend this 

to allow intetnal detennination of final destination as well was 

considered beyond the scope of the study. 

-t: .~ and iXTudustrialuse of feed· grains. 

·Human and industrial uses of feed grains -were treated 

as exogenous to the model. This component of the model was treated 

differently fr0111 the other exogenous components in that human and 

industrial uses were taken from supplies. Net supplies were then 

used.in the 1~1ysis and the hman and industrial use component 

was dropped. 

S. Ingredient transportation. 

It_ was assWJAed that transport rates were known and 

fixed,. and that ther<e were no volume restrictions on poi~t to 
' ' . 

', 

point transfers. The transportation sector was.assumed not to 
' ' ' 

compete with the livestock feeding sector for resources. It was 

assumed that·the transportation sector provides the service of 

moving ingredients from their point of production to where they 

would be used 9 at a constant unit cost» and. at the time a.nd in 

quantities required:--subject only to limitations on ingredient 

availability. 

6. Fo~ulation of iivestock_and poultry feeds. 

· 1'he major _endogenous component of the model relates ·to 

the. fornrulaticm of livestock and poultry feeds. Associated with 

the formulation coaponent. and endogenous as well, was the 

determination of regional ingredient sources. This component 
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.· . 
of the model was constructed to insure that ingredients used for 

livestock and poultry feeds supplied the nutrients implied by the 

assumed total feed requirements. This was accomplished by 

formulating a number of least cost rations for ea.ch of the 16. 

feed types.2/ 

A. total of 26 feed illilgredients were used to fomulate.the 

feed rations (Table 3)o The rations were then expressed .as 

feed for the seven included ingredients and the remaining 19 

were assmned to be available in the quantities needed to complete 

the feed rations~ 

2/ The model might have been formulated.including ingredient 
nutrient composition matrices and nutrient 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 optiun.un solution would then be some linear combination 
of possible solutions .. Although the current model does not guarantee 
an optimal solution, some empirical evidence indic:a.tes that the 
loss in optimality is an acceptable trade for managability (Bl, 



Table 3-~. List of Ingredients. 

Ingredient Number 

1 
2 
3 
4 
5 
~ 
1 

8 
9 

lO 
H 
12 
H 
14 
15 
16 
l1 

19 
20 
21 
22 
23 
24 
25 
26 

(Included directly) 

(Included indirectly) 

Ingredient Description 

Corn 
Barley 
Sorg!rnurn 
Wheat 
Oats 
Rye 
Soybean meal 

Cottenseed Ex. 41 
Cottenseed meal S. 41 
ICottenseed meal Ex. 44 
Fishmeal Her. 
Fishmeal Men. 
Fishmeal Per. 
Corn gluten meal 
Corn gluten feed 
Corn f einnerrted 
Meat meal 55 
Meat alIHll brnme llWle8!l 5\0 
Feathe-;c meal 
Pouitry by-product 
Aninrnal fat 
Vegetable and animal fat 
Cane Molasses 
Uirea 
Dry skim milk 
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The Nathenatical Model 

The variables and parameters are defined: 

f~i 
Jr 

Acquisition price for ingredient j in region k. 

Trans.fer cost of ingredient j fronw. region lk to region i. 

Q"~tity o:f ingx-edient j transferred f'1t,ailllli iregi@l!!I k · 
to region i. 

Lagrangian multiplier relating the value of feed r 
:to region i. · 

Lagrangian BU! tip lier r®lat:itni thil$ W,'!!:h.n~ ;rJJf ingredient j 
t:~ r~gi@JIB lo 

Proportion of ingredient j used in proce$S ! to produce 
feed r in region i" For a given 13 i~ and r~ 
(flifli . fli~ is~ sin~l~ 

1r 2r~ 0
·····~ J~J ~ 

qir QH.Mm.tity of feed r required in ~egion i. 

I Nmber cf receiving regions. 

Mtmber of shipping regions. 

' J ~ber of ingredien~s. 

R Number of feeds. 

L Nmnber of processes,. i.e. the nuaber of alternative 
feed rations for each feed type. 
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We wish to minimize- total acquisition and trn$:fer cost.'# 

(1) 

;! l ,I\',( , , 

This objective is to be attained subject to four conditi9n_s. 

(I) The quantity of feed r produced.in region i must at 
- least equal that region's requirement for r. 

L 
Qfr < i A;i. r=lDR; i=li,I. {2) 

(II) Shipments of ingredient j from iegionk must not 
exceed that region' s ini tiai supply of j,. 

I 
r y~k<xk, k=2,K; j=l,J. 
i .J --j 

(3) 

· (III) - Receipts of ingredient j by region i must cat :least 
equal that region's use. 

. ·._ ,q, .• '. ! : ,· 

.(5). 

Minimi~ation of (1) subject to (2) I> (3) v (4) i, and (5) results 

in the fo_llowing relations: 

(1) If condition (I) holds as an equality ,for .,i :and r 
the implicit value of feed r in riegion i is greater _ 
than or equal to zero. 

. • L "" w1 > o if Q1r ,;. [ A""l. 
r- R. ·-r 

n 
;.} 

3/ This objective function is formulated on the assumption 
that the cost of the indirectly included ingredients can be 
ignored. · 
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If condition (H) holds as an equality for region 
k and ingredient j the illillplicit V3J.lue of i1111gircdicnt 
j in regio~ ~ is greater than or equal to zero.4/ 

I 

(3) If conditions (i) and (II) hold as inequalities 
I 

W! and u} equal zero. 

Tne mathem.atical model as expressed in relations (l) to (5) 

sho"'is the relat:\Lol]s:lhips between the majoir components of the modlc1. 

model. Total ingredient supplies were divided into two parts, 

current year'sproduction and "free" carryover stocks. This 

adjustment had little effect on the conceptual model, beyond 

1;equiring a. Method for .mccoumting for ingredient llllSc from carry­

over stocks~ and for adding a storage cost. 

An example of tlli.e empirical modial is shown in Figure 1. 

The example is.for two domestic regions, two export points, 

coaponents of th~ ~odel are outlined as block-segments" The 

.first 12 columns specify ingredient supplies, the first 6 are 

for current production and the next 6 are for free carryover stocks. 

Each of the.fi:irs-t 12 columns is bounded at a region's supply of 

ingredient ei~ort, the following 12 are for domestic transportation 

' and the remaining columns are for animal/poultry fccd.s. The last 

column in .the figure specifies the "right-hand-side" or constraint 

levels assumed by the exogenous portions of the model. 

4/ Note that i:f P} > 0, then µ} .:::P}; this will also i!llply wi > 0 if 

ingredient is employed in feed r. 



The first 6 rows set the requi:rte~nt that .shipmem:s not 

exceed supplies~ the next 6 set the requirement that r~ceipts at 
' ' i 

least equal domestic feed usage, the next 4 specify feed required, 

function t.ould.contain ingredient costs» the ne::::t 6 would contain 

ingredient costs plus a stoyage charge. 
i 

Colt111m.s 13 thxough 36 

would contain point to point t'11."lr!ns;f e:r CO$;ts., , . '.l,he 11:emE'll-ining columns 

would contain. the cost1, in each al~·e:rnati~~: f:ed r:ationp of the 

implicitly included ingredie~t\S. '.lla;~le 4 presents some statistics 

related to the actual wodel. That ■odel contained a total of 

programming code on a CDC 6500 computer. 

' Results 

Tuo variants of the ■odel were solved. The first~ r~ferroo 
J"' ·, i. ,_ ·I ' . ' 

to as Model I» contained in the ~bj~~ti~~ function all ingredient 

;: t_-. t 

use, and implicit values due 'tg,:l.ngredient and transport cost 

differentials. Model II woul-~: ,give the sruille information due only 

to transport cost differentials. Model II would suggest values 

for a pur2ly competitive ingredient procurement and distribution 
•·· 

system. Model I would include ,sQm~: 1a.i.peJ:t;$;,?f, the: c1real, system. 

Both models were solved using data for 1971. 



Figure ·l. A Schematic Repr~sent~tion of the Full Model. 
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Table ·4. ~aximum and Actual Number of Activit:C>s ir tbe Model. 

N~ber of do~estic 
pointso 

Number of domestic 
points. 

Ma!11: illillll!lffi 
lll!&ivities 

i .. ;, ) 

16 

9 

,, .. l l 

Number of export ooints. 

Number of feed ingredients. 

. ', ; ~); t ' 

! ,il Ii,' 

,1,;,,1._ _} 

Number of ~olumns in mod.el. 5868 

Current p:-oduc.tion ,li 1 ' : . t :~ U2 

Carryover stocks 112 

\'; i 

._,_,;,._,' 

Solve from advanced basis 

Wri::.e repo:rrts 

Total p~ocessing (',\' 

'' 

iii 

Actual. 
activities 

16 
;;''., 

9 

7 

507 

3679 

95 

93 

IS~ 

493 

.82 

133 

:U98 

1/The number or rows for the maxiumm iµcludes the ·cows which would be 
elimi1~ated by placing uppet'b6utid~ oira the prod,uc! ion and carryover 
portion$ of the model. 
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A solut:i.oo of the model produces a large output. Estimates 
. . 

ate obtained-f?r quantities of each ingredient shipped from each 

of the 16 dmestic regions for domestic and export use. Estimates 

of the.qwmtity of each of the 1 ingredients imported into each 

~- domestic regi"n, and to each export point are also obtained. The 

Outputi.ncludes estimates of the_ quantity of e~ch of·the 1 ingredients 

used in each of the 16 fe'ed types in each of the' 16 domestic regions. 

The output al~o includes implicit values for each ingredient and 

feecf type tn each region. All of this information is too large 

·a volume to discuss -at .this forum. Therefore, only the aggregate 
. . 

resuits will be discussoo.5/ 

· 1. Ingr_edient shipment_.-_. 

In ten\\S of total shipments» estimated movement was 

greater for .Model I than fo:t Model II; 58.05 million tons for 

.~odel n and. 69 .15 million tons for Model I (Table 5) • Corn 

· was the ingredient $hipped in greatest qu.antiti®s, -29.6 million 

tons and 26.S million tons.for Models I and II ·respectively. 

Wheat was the ingredient shipp~ in the second largest quantities, 

mainly for export to the world market. Grain sorghum was the 

, ingredient. ~hipp~ in second _ largest amounts for domestic use, 

13.3 million tons for Model I and 2.1 million tons for ModeL II. 

5/ The Appendix to this paper contains diagrams and tables 
which show some interregional results. 



Table s. --Total ingredient ·shipments" - solutions 
from two· models,·· ·1971. · 

\ g ------,---~~---------_.,-......,.~..,..~-...... a..1-,., -,...~ '>:',,..,, .--------e . .....,"-'": ....._.,.,._ __ 
Model 

' Ingredient 

Corn 

Barley 

Sorghum 

Wheat 

Oats 

Rye 

Soybean. 

Total 

Export 
D(Hllle:H:ic ' ' 
Total 

Export 
Domestic 
Total 

ort 
lllio1u~stic 
Total 

Export 
Domestic 
fotaT 

Export 
Domestic 
Total 

All Ingredients: 

I 

14,.1 
15. 5 
29:i' 

1.2 
2 .• 2 -r.s 
3. 

13.3 
,·'16:s 

lS. o O 
Ll w.r 

. 
~ 

II 

14.1 
12.4 u:s 
1.2 

.3 
7":s 

3.2 
2.1 

s:-1 

18,0 
'i 

18.2 

.os; 

405 
1.1 
~ 

58.0S 

h', 
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As \Would be expected~ the regions having the largest supplies 

were the major shippers and the regions having the smallest suppiy/ 

feed requirement ratio were the major importers. There were different 

indications by the t:wo models as to which regions would be surplus 

or deficit for individual ingredients. In general, Model II indicated 

fever deficit r~gicms for individ~al ingredients th,111 did Model l! • and 

resulted in the lou,ger tot.tl Shipme:n:ts observed fro!ffin Model H. 

2. Ingredient use. 

Estimated total usage of the seven ingredients was larger 

from ModeJ I than from Model II. 190 .1 vs. J 79.. 0 mil lion tons. 

Tnis is not a surprising :result since the implicitly included­

ingredients did not have a cost attached under Model IL Thus, 

Model II will represent the estimated minimwn use of the.ingredients. 

We note from Table 6 that this does not mean that each ingredient 

will be used in a sllilla1le1' ai:iiount, since the use c,f wheat f,mr 

feed is Bore th~n doubled in Model II. 

Corn was used in the largest quantities under both models, 

accounting for about 62 percent o:f total ingredient usage from 

Model l and 58 percent from Model H (Table 6). Swine feeds were 

estimated to account for the major usage.of corn by both models 

(Tables 7 and 8}. Sorghu1m was estimated to be used in the 

second la~gest quantities, 23.9 million tons for Model I and 

16.0 million tons for Model II. Poultry ,feeds were the largest 

single user of sorghum in Model I and beef was the largest 

user in Model IIo 
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Table 6.--Ingredients fed to livesto tiio models» 
1971 

Model Model USDA 
Ingredent .. .r_--

I Il I 0 II estimate 

MiL Milo· Mil. 
tons tons Pct. Pct. tons 

Corn. 124.7 116.6 6L84l 570'16 ],09.2 

Barley HLl Hl.9 S. Ji 2 s·."n: 6.0 . 
e 

Sorghum 23.9 16.0 11.59 7.81 19.2 

Wheat 5 .·1 12.5 2.84 6.22 6.S 

Oats 15"3 lloO 1.61 6.41 ll.6 

Rye 0 !9l .45> 0 ;$ 5 .30 .4 

Soybean meal 9.3 9.4 4.63 ~.68 13.S 

Total 190.l 179.0 94.03 88.61 166.4 

Calculated 
total 
requirements 202.l 20:iLl HHLO HH:1.0 

Supplied from 
implicitly 
included 
ingredients 12.0 23.l 5.91 11.39 
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Table 7.--Ingredient use by livestock in the U.S., 
Mode l I ,; 1,.9 7 l 

.,,. .. . 
Ingredient Dairy Beef Swine Poultry Sheep 

------------~----1,000 ton--~---~---------------
Corn 17537.5 37528.8' 53604.7 15372.l 658.2 

Barl(;}y 190.l 7385.6 132.0 871.8 1698~6 

so~ghum -o.o 8099.6 262.5 15518. 7 0.0 

Wheat 1188.6 724.9 . 3452.4 353.2 o.o 

Oats 5992.8 . 759.9 3715.6 4794.0 0.0 

Rye 0.0 - 0.0 847.1 18.3 ,• 0.0 

SBM 765.1 412.3 6085.2 1935.l 116.S .. 
: - - ... - - - - - - - - - - ·- - - - - - - - - - - -

Total 25674.1 54911.2 680~9.7 38863.2 2473~3 

-- - - - - ... - - - - - - - - - - - - - - - - .. - Q - - - -. 

Table 8.--Ingredient u~e by liv~sto~k in the U.S. , 
. Model II, 1971 

·Ingredient Dairy - : Beef Swine Poultry Sheep . -

-----------•------1,000 ton-~~--~~-----~-~-------
Corn 14641. 9 39282.5 41679.5 1997704 1068.2 

Barley 337.3 3676.6 4484.3 1168.l 1288.0 

Sorghum 2599.8 7404.6 847 .. 6 5119.1 0.0 

Wheat 1580.1 3687.4 61~1.9 1017.9 o.o 
. ' 

Oats o.o 404.4 8266;1 4352.4 o:o 

Rye_ 0.0 0.0 519.8 111. 6' o.o 

SBM 294.9 722.6 4881.1 3408.0 117. 1 
- - - .. - - - .. - -· - .. - - - - - - - - - - - - - --
Total 19454.0 55178.2 66870.S 35154.5 2473.3 
- - - - - - - - - .. .. - .. --- - .. - - ... - - .. - - - - . --
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This study was concem~d with a spatial e.nalysis of livestock 
- ,-- . ··----· , .... , 

use of seven feed ingredielllts: _ t9rnll p:irley) sorghum:. ~11heat?; ()ats, 
,' ; 1 • ' 

rye, and soybean meal. These seven ingredients were_specified as 

the primai-y inputs into 16 types of !livestock/poultry feeds·. A 

national. interregional spatial equilib:dum modeL was developed in 

a linear programming struc:i:l.lrre;. Si:tt.eefi domestic in~red.ient 

producing and consuming regoio~s » as .:w.el:t as nine 'ill!gredient .export 

. points, were included in theulodel to .. ;facili ta:te :analysis of ftbe. 

interdependencies between feed ingre'dieut producing :regions~. the ·· 

transport system and feed consming r.egions. 

implicit values of each ingredient in ;each region. The solutions 

estimated optimal, least cost, ingredient movements between domestic 

regions and to export poi:ro,t,s~ Th~ ,~ol,~tions,~bo provided estimates 

.. : ,'; ' -'· _,_-~ .. ·:} '? i J Q .') >' 
beef, swine, poultry, and sheep. Ingredient identity with respect 

to both source and disposition was maintained throughout the system-­

providing detailed infomation about th~ source mnd us~ of individu2l 

feed ingredients~ amd the iitlfte!'a:ction:~--15el'.'.W1eh!:)il thii§ locat:i]:i,n of ~uppl ies, 

the transport system and the points of consuimpUon. 

The hnalytic structure of the model is such that important 

information about the effects of interdependencies in the feed 

grain-livestock economy ar~ obtained. This information will be 

valuable to both government policy analysts and business enterprises. 

(1) The results indicate ~here pressure is likely to be placed on 

the transport system. (2) The results indicate ~here significant 
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ingredient deficits and surpluses are likely to occur. (3) The 

_results provide guidelines .for possible changes in the location 
•, ' 

of livestock feeding. (4) The results, by i.ncl.udirig the system 

intC'rdcpendcncics. provide measures of the relative competitive 

positions of the various geographic•regions. 

l. SW!imary results·- Models I and II. 

·Model II differed from Model I in that the objective 

'functio·n ·for Model tI contained only transportation costs while 

the objective, function for Model I contained ingredient costs 

as well as transpo~tation costs. The solution to Model II 

\.,6uld be .· consiste~t with a wide variety of price 5tructures 

because the equilibrium values obtained are price differentials. 

This means that the total price surface can be derived from 

one regional price. Since Model I contained ingred.font prices 

the soiuiioin from it ·will embody some features of the real 

price structure which were not allowed to operate under Model H. 

The s~l~ti.ons show that these treatments of the price structure 

can produce different results. 

Shipments of ingredients were consistently higher for 
. I 

Model I than for Model II, 2 total of 69.15 million tons 

for Model l. and 58. 05 million tons for Model II. This result 

follows the fact that costs for 19 ingredients, in addition to 

the seven studied, were included in Model I but not in Model II. 

The result was that these ingredients were_ substituted, as much 

as was allowed by the feed rations, for the seven included 

ingredients. Thus., Model II may be viewed as giving the 

minimum consumption of the seven ingredients. This does not mean 

that Model II provided the minimum consumption for individual 
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ingredients. Des.pi te the fact that total cmisu.11!1iptisDJn for Model I I 

was 21 million tons lower than foTModel l (190~1 vs. 179.0 million 
' < ,:_ ! 

tolls) increases 'l'lere noted jn th~tfR1:1s~r~~n of bar~ey ~ wheat.~ 

and. soybean meal . 

yaplica'tionS 
The results obtained from th.is S:budy have implkatiOllil.S for 

four 1mportant aspects of the feed'gr:j.in-livestotkeconolmly:· 1be 

d:,mpetitiv~ structure, the pri'.ce strJd:ure:, the 'transportation 

network, and, potential for 're~J'.i>tial •.growth~ Eiach of these 

aspects. 

1. Regional compe'tit:ibl!t. ; 

A purely comp~titive ~od®{ ~as; iik~d 'in thi~ T~port .. 

In this form the results. ~?-be ilsed io me~~u~J 'de~i~ti<>US. by 

the real system from this 1~idei:P1' '(sublect"to ihe 'exfst~nc~; : ·. 

of appropriate observationf 'ifBm the r~~f,~6r1di~ 8owev~rll ;the 
. . 

model was constructed in such''8.'"i-iay1':t:liat'it')can :be u.sel as a 
laboratory to analyze t.he imphJ.itio~sl of 'a>1ess competitive: 

,_ ' . . . ·• . 

system •. This may be accomplished;by :pl~ciiigibounds '~nd)or;, 

ratio restrictions on sonec,f the:activities in the model. 

\· i. 

>, l ; j, 
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· 2. Transpmrtation. 

The model may be ll.l!Sed to analyze an entirely different 

question: that of failure to provide trarasportation facilities. 

Region 3 (Ohio, Indiana, and Illinois) was the source of corn 

for Region 1. If transportation facili tics were not available 

to carry the quantity of corn currently estimated to move 

between the two regions, the cost to the system, at the margin, 

would be $4.30 per ton. This would indicate that the m21rgina1 

value of an additional unit of transport facility would be $4.30. 

The use of bounds on the transport activities, and some sensitivity 

analysis woulµ provide a more complete set of information. 

3. Price structure. 

The implicit prices provide information which is useful 

at both the firm and industry level. These prices may be used 

to analyze a variety of questions. Fo:r example, under Model II 

we forrnrad an expected equilibrium coien price differential of $13. 20 

bet'W'(een regions l and ZL Trilis means that on the basis of the 

model assumptions we can expect the price of corn in region l 

to exceed the price in region 3 by $13.20. We conclude that 

region 3 has a competitive advantage over region l. Alternatively 

we may concltJde" for a firm in region 3, if corn can be sold in 

region l for a differential of more than $13.20 per ton it will 

be profitable to do so. On the other hand, region l can profit 

by obtaining corn in region 3 at a: differential of less than 
C 

$13.20. At a more. aggregate level this data indicates some 

possibilit)ies for reaction to national grain policies. If the 

. corn support :rat.e differential between regions l and 3. should 
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exceed $13. 20 one might observe producers in regfo!Til, in effect. 

selling their corn to the government and importirig their needs 

from region 3. If the price differentials from Model II are 
,, \) : ' '1, ' 

used to set support rate limits we can suggest that it will be 

necessary to support corn prices at least at $13. 20 per ton 

(37 cents per bushel) moire in region 1 than in region 3D if 

we are t:o expect to rem.ove corn from t.he market in region 1. 

·4. Regional growth. 

· If additional data is combined with the implicit prices 

they may be used to form a guide to expected region.al growth in 

ingredient, livestock~ poultry, mnd feed. production. Even 

i>'ili thout additional data the results can. give in.i tial guidelines. 

According to the results from Model II the IOO!Ui1ib~iu~ differential 

for swine feed (number 8 feed for example) is $12.94 per ton 

higher in region l than in regioIIB 5. AU othel" things aqualp 

this implice;1,; that o'illS long 1:11§ the cost of transpordng feed fro!z 

region 5 to region l is less than $12.94 per ton we can expect 

a growth in feed manufacturing in region 5 relative to region 1. 

A spatial equilibrimffil model has been us®d in this study. 

The structure of the model is such that, if additional data were 

available, temporal or temporal-spatial analyses;.could be performed. 

This can b~ achieved with little change to the basic structure 

of the model and would be especially useful when dealing with· 

problems related to the scheduling of production~ storage space 

and transportation facilities. 
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Conclusions 

The main conclusion to be drawn from this study is that 

the method and model can provide a wealth of information which 

is both useful and relevant. The information :is consistent 

with some of the main economic decisions which policy analysts 

.and business managers faceo In particular, the model provides 

a mechanism through which one m~y investigate the 

important economic forces. 

of 
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Figure 1. Interregional Movements of Corn - Model I, 1971. 

•' 



Figure -3. Interregional Movements of Sorghum,.. Model I, 1971. 

Figure -4. Interr~gional Movement SI of Sorghum :- Model II, 1971. 



Fi~re · -·5. Interregional Movements of Oats - Model l~ 1971. 

Figure ·6. · Interregional Movements of Oats - Model II, 1971. 
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Figure •11. -Interregiorial Movem.ents of Soybean·Mea1- Model II. 1971. 



Table 1, Supplie~ and Estimated Dispo~itiori of Com!! Mod~liiJ I and II, 191L 

Model I _ ~ --=-=-sh0_i_p_m-~n-_t_..!, ________ -_hd=~ ,= SJhlipments -~ 

Resio.n Supply Received E:11::gol't Dome~tk Ai'i,i-mab Sur~lus Rec:eJ:~ Export Domest&~,£,.Animds Surplus 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16. 

.011 
4. 709 

73.3]2 
32.567 
57.406 
5.611 

25!266 
7.585 
4.260 
4.784 

1.908 
1.807 

.201 
1,603 

.296 
1.167 

1.945 
.265 

1.967 

1.908 
1.807 

.201 
1.603 

.'296 
L 167 

(Mil lion Tons) 

3. 533 4 .177 
1.236 

, 6.974 4.086 
.989 

6.220 

1.908 

L951 
4.974 

20.156 
11.125 
25.460 
2.740 

19.044 
1.144 
6.227 
4.031 
4.086 
.eL664 

0 201 
'.L692 

.218 
2.975 

46.503 
14.205 
20.884 

l.9'42 

.752 

.458 

.018 

1.452 

1.588 

4.547 

LD7 

3. 711 

.652 
10.706 3.04/f) 

1.236 

8.691 
- 1.250 

.249 .703 

,, 

1.463 
4.056 

18.291 
16.405-
26.611 
1.644 

16.42S 
6.335 
5.841 
4. 128 
6,455 

.854 

.201 
2.741 

.296 
4.879 

42.334 
14. 925 
30.788 

.146 

.656 

223.622 15.475 14,095 15.475 124.701 84.825 12,436 14.095 12.436 116.649 88.850 
Total 

•. 



Table 2 • Supplies and Estimated Dispo~ition of Sorghum - Ywdels ·t and II, 197 L 

Model I. Model II 
S5h1_Em<:.mts F~d To . . . . . .. Jhipments . . . F~d To . , 

Re,1ion Supply Received E::por_t,_Dome~tic Animal!ll Surplus Receiv~~ Export Domestic: Anima.b SlJ.rplutii_ ~ 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Total 

.004 

.004 

.428 
~006 

1. 731 
.564 

15.647 
.227 · 
.019 
.140 
.896 

14.48.7 

2.041 

.999 

.176 

.166 

L214 
1.034 

6.232 · 
• 666 
.053 

.207 
J.491 

37.259 13.327 

(Million Terns) 

.340 

1.111 
.395 

3~023 11.470 

.un 

0089 
0 3 
.168 

lol50 
1.442 
1.114 

.140 
6.947 
,fb,981 

.053 
20041 

L731 
10.172 

.404 

3.206 13.327 2J.380 .10.172 2.135 

* Lesa than e0005 !!\illion ton~ 

(Million Tons) 

.154· 

.181 
2.869 

1.731 

.404 

.004 

.004 

.428 

.109 

.508 

.227 
.• 079 
.140 

2.445 
8.577 

2.041 

1.403 

.006 

.455 
14.581 

3. 041 .. 

3.206 2.135 ··15.971 18.082 



Table 3.. Supplies and Estimated Dispo~ition of Oats -- Mod~l~ I and II~ 1971. 

Model I Model :n 
. -Sh-i-p""""m._e_n_ts-----Fed t.o Shipments . ..,.. . F~d to 

Region Supply Received Export Domestic Anima:1:s Surplus Receiv~d Export Domestk,Animals Surplus 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Total 

.047 
.833 

2.141 
6.762 
1.631 
5.508 

.950 

.431 

.184 

.029 · 

.163 

.444 

.544 

.133 

.187 

.145 

.180. 
• 775 

· • .090 
1.055 

.481 

.279 

.256 

.280 

21.142 3.400 

.006 

.763 
, 292 

2.341 

.221 
1,608 
lo:378 
4.349 
2.637 
L400 

.345 

.284 

2.121 

10 723 
.605 
.237 

.043 

.444 

.544 

.133 

.116 

.047 3.400 15.262 5.£33 

.293 

.040 

.334 

.006 

.628 .047 

.627 

.340 

.a:n 
1.412 
4.403 
'.lo637-

.32l 

.950 
,431 
.519 
.029 
.156 
.444 
.(H8 
.133 
.187 
,145 

2.359 

5.187 

.526" 

.628 ,.13.022 8.073 

.., 



(Million Tcms) (Million To:r.s) 

l .075 .075 .081 .081 
2 .405 0405 .092 .092 
3 4e388 2.121 .480 1.786 3.184 1.204 
4 l.192 l.192 .452 .0]8 .625 .077 
s : 3o 719 -- .,590 1.362 1.763 .066 ~.252 1.401 
6 .196 .196 ~066 .066 
7 ·.563 .563 == .251 .306 
8 .S44 .143 ..,_ 

""''"' .688 .U)6 .650 
&, 

. ! 9 l.338 ,698 .640 1.338 i'=' 

10 .. 4.020 .346 0313 °3.301 ·.438 ~763 0464 2:3.55" 
'11 1.445 •. 331 L44S .337 .484 .423 l.506 
12 •s:394 .126 ' 0520 .oos : • j89 
u -- .063 .063 .025 ~025 
14 .243 .243 .166 .166 

.15 .041 ,041 .015 -- .• 015 
16 .151 .213 -- .364 .0~1 -- .238 

'' 
~~= mr -~=~-, ·-=~~..., 

17.759 1.846 4.504 l.846 '.lll.314 3e941 L,125 4~504 10125 ~.42l 30833 
Tota1 · ~=· ~;s::: 
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