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.ABSTRACT 

The study indicates the po'ssibilities which exist for the allevi- · 

ation of the world food shortage through changes in human diets and ani

mal production patterns. Using a linear-programming model, it is found 

that exports of w'heat feed grains and soybeans can be more tha.n doubled 

relative the 1971-73 average quantities exported • 
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.GRA.IN iEXPORT POSS;IBILITIES AS A ·FUN,CTIQN: Of 
..•. OOPSTlC HUMAN' AND'. ·ANIMAL NUTlliTIO~l < . i 

· · ··• Itit:rod~ction.: ···· 

.· ··. ·.· R.ece~tly tuiny Jetteiopirtg countries· have ·been uria:ble to obtain 

.·. soffipi~ri~ :fQ~f~througll'~~ther .P~Odu_ctj.ori .. or .. fmpott:~~---· TM.~ :11f~od· -C~i- . 

. · .. si.s'i ha's . tw9 ba~it cau~e~.: (a) crop short£ alls in some ·major _prciducing 
. ·1·. . ' . . . ... ·., ·,·· :· ·.:. . '. ·.··.· .· 

· .. ~otintr;Les, , ~rid co~s~quently; (~) market pressures .that .c~iised martet 
: . .• . : . ·. -:i_; . ·..:-.: . . : ' ~ ·:· . .' . ·_· , . ·: : . ' ',... ~ . . . •. . . ' 

prices to go out c;,f :reach of some developing countiri~s, which.· usually 
·.. . . 

. . . ·. .do not ha;e>sufficfent' flinds {fot.e:Lgn exchange) to c~pete iti the world 

market. (Heady, 1975). Also i~p1ic:lt in t~he lattet. cause :ls the ~nev~n 

distribution of income atno~g developin~ ~ountri~~.asweil: .as, within 
. . .. •,' .· . ·••'• •, '. . . . '· 

develo~irig couritries. Therefor~when countries arid'individuals alike 

. are outbid~ inalnutrition on a large. scale such as•·is ~~~-~r1eritiy ~~~; case, 

. w:f;ll be, the immediate •re13tilt • 

. . 'fp ~ol~e the fo~p--s<:arcity problem auenti~Jt ~st b~ focu~ed on 

agricultural practices and food produceiqn and export. capad.ty through~ 
. .. . \ . . .: . ·.· ,. . . ' ·.- .. ; .. '. ·. 

.. . . . 

out the wor1d~· : Though there are many means hy ·~hich~orld :food stipplies . 

coulib~ :l,ric.reased an~ spread more evenly or ·equit,abiy ambng cortsumers~ 
,· . ,.. . - .. ' .- . . . 

this study ~ill; examine Some changes ±n £he rol:e of. li;es{ock (Riemann) .. ·· . : ' ' . . . ·., : ... •' . . . . . . ' ' .. ,• . -·· . 
.. ·. . . ; .··· . .' .. ·. . . • .. 

~nd the· dit?t pattern: of the c·onsumer (Higgins) ... in· the U~ited States and 

.their, ~f f'ect on: the. quant-ity of· grain av~Hable for .~xpor~ .. 

T~e' chang·e~ disdu~~~d :ln this report are not a:f.med at elimination 

.. of livestpck products from the diet of u.s. consumers.·. ~igh quaii~y •· .. 

amin~~acids, such.Et$ provided by ru~ina1;1ts are ofmajorimp~rtance:i.n. 
. . . .. ·. 

' . . . . . 

hulDB.n nutrition (~end:dck.,and B.(!terson)~· Also r~inants play a.crucial 
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.·, 

·. ·_ . .-.-. . .. : . ,, ... 

role in fransfo~itig forag~s. into human food in tlle f onµ. . of ~nimal .··· . 

proteins·(He_aciy et al.~'1975). 

However·,: thi feisibility of. substituti~n of animal protei~e/ for 
. : ; .· . . .. · .·· . .. . ., . ·. . .:· 

s.oy prot.~ins i.s .. considered~ Aithough the use of soybeans iti the. huma~ 

diet is still very small, (only .3 percent of· te>tal soybean ~roduc_tion) 
. . . 

· it seems to hav~ great , potential (Horan) • · .. 

-The Study 

Becaus.e ·of. the recent world wide concern regarding available .·. 

food supplies, this sbidy was initia'ted to investigat~ possib1_e adjtlst

ments. which tJ ~ S •.. consumers and· far111ers could make to provide larger .. 
. · ··.• . 

grain exports· tcf the ~orld •.. Of course,· the•. changes proposed here can-

not alonee'i:adica:t::ehunger .. from: the -world. However, other research has 

indicated that· acd..ons · in the United States TIU1ke considerable imp a.Ct on world 
. . . . ' 

food· supplies.·.· In the long run,· however,. the deficit developing coun-

tries thems.elves must become more self-sufficient through more effective· 

· pplicies relating to agricultural production, economic. growth and re

duced birth rates. (Butz) •. 

·Alternative Futur.es _Analyzed·. 

There areyarious means in which th~ United States can increase its. 
. . . · .. ' . 

exports. In this_ paper, four alternatives are analyzed as means of increas-
~ . . ' . ' 

' . . . . . 

ing u. s. food exports to consumers of the ~orld~ · . T11e 'first empha'.sizeS 

wheat exports by allowing increased-production potential for.the year·· 

1980 to be used for wheat only. 'There areindications "that most of 

1. 
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-_-_ ·_ t.he 4ev~lo~::L~8:ieoun~t:les/will t~nd to impor; Dl(),r~~ i-lhea't::'.rathe~ tl:ia~ 

----f~~d grl:!,.ips J,ecaus·e .• _of.liniit:ed foreign exchange arid· be~au~:e\.their p~O""'. . 

. · ... · .. : .... ·., .. : .. , .,;_ .. .. : ·.. .. .. . .. . ·.. ·. . . .·· ... ;··.·'·'I, .. 

pie. cannot affo_rd tP ,consume large quantities of livestock· pr~ductsll -
. . : ' . --~ ·: . : .. ' . ,• : . ' '. \ :- '' ... : .. . ·, _... ; . ' . . . . . . . . . ,: . . ·, . ·,:. i . , .. 

(Oassil:'.)-'. )Incle:r t:he ':second alternativ.e the. ~rend iet~1 c·c:insump~iop of, -. 

fe~,d grains ~i· f~d r heef -to: ·19~():,is ; i:e4J<1~d by :25 perc~tlt ~ . C~in an~ 

. sorghu,ni Silage--ar,~ used -to iepl~ce feed grains in the: dattle'''s rat~on. -
::-:_:·:.· • -· • ,· . • 1•,; • • . 

The third afterna.tive suppos~s that -American c6nsume:t~ substitute : ---

vegetable prot:e:bi for 25 percent o:fi -their proj ect:ed animal protein in-
. ,. . ·:: . . . -· . ·, . - .· '• ... 

. t:a.l~. 2 / The' fo,{rih alter~ative supp~ses that consuniers redJ:c~ theii:-''• 
,•, .. l• ,·• 

·. anitnal prot:ein intake by 2S -percent, -but- do not allow £6t substftutidrt 

~ -· • f J;Otll Other -s9µrc~s. 

The resµlt~. ~f these fotir - alternat.iv~s_ (~ thro~gh El are analyzed 
..._ .... 

and• compared···wit;h -the base situatio~, Alternative A, -.tep:r~sentlng t:rend·-. -

- _ production: a~d co:nsumptio:n patterns to 19~0. -._ The- parat11eters of the 

;Line~r programming ;piodelusel for the analysis areafl pr~jected to 
_; • ·'.·'. •' .' <. • • • • •' • :.·· •• f 

'·. :,:.i•,. . _.,. 

1980, and t'!le resuits are unders,tood to. be for t.hat: year of reference. 

The ~4eL 

· Th:e follr alt~r1U11:i~es previously describ'd are ~naly~e~ by· means 

of an interregional linear prosramming mode:l~ - Th~ modtil. ~onsists :of 

307 equations and 2214 real variables; it ,co'nta~ns tlie'48: <iontigu~us . 

. states and incorporates the wheat, soybeans, cotton, corn and sorglllltll . 

silage and: feed grili;.n (corn, barley, oat:s and grain sor-ghum) ~ectors 

endoge~usly·. -.. Live~tock and other. ~rops are i~clude~ on an ~xogenous 

basis. The rii.odel includes an int.erregional bom.parative advantage -pro-·· 
. . . . . _. . . ~ 

du~'tion sect.or a~/w~ll as . ~ ,transportation submod~L -. 
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A land base of - 250 million acres is av•aiiable fo the· commodities •. • •• · .. - . . j 
... . . ' . . . 

· internal to the programming model (U.S. Dept. cif Collllller~e, 1971).. The 

nation _is di,dded int:o 150 ru~al ar~as with l&t>.d restraints for ·ekch 
. . ·. ,. . . . . . 

. . . .... ,,,A .· ·._:· .. ·:,: .. :.-· .. • . 
in. the production sector~ The consumption' sector f~r- spe.cified by 31 

demand regions. Demand re~traints a.re definedf~r each majo; co~odity_ 

in -the. lat:t~r regions. Demands specified for the. endogenous crops em-

brace the total usc;1ge .of thes~ commodities as domest.ic · food, li~estock · 
. . . . . . . .. 

feed, seed, .indu$t_riai uses and exports-hath in raw and processed form. ' 
' ' . 

.. ,. ·_. ·. . . 

A complete descri,ption of the model may be found in (Hea,dy, et aL, 1975). 

to e1nphas:i.ze the.export_potent:ia1 of Ainericaii agriculture for. 
. . . -· ... · ·.' ·.· 

food and feed g:tains; ~otton exports are held constant at 4.2 million 

. bales_ per annum for the five alternatives. Althoµgh this study empha.;.. 

ijizes tru:1ximum production and exports, we would not expect farmers to .· 

"go all out" in production if adequate tnarkets were lacking· and :farmers 

could not get a normal return on their resources. ·Th!:! model there-fore 
' ' 

assumes a long-run equilibrium in the sense-thateach unit of reso11rce 

used in agriculture receives its market rate of return.·. 

Consumption of Livestock 

· ·Although th.e specific goal of this .analysis is maximization of 

exports, estimates of the dpmestic demands for the endogenous crop 

commodities also are required. Actually. these':demands· f~~m a. major 

input for this study. As suggested earlier, diet patterns of- the Ameri

can consumer is the variable forced to change in alternatives D·and E. 
' . 

' ' . 

. . ,: . . ... 

The linear programming model specifies that dQmest.ic demands have to be 

sati~fi.ed before any grain fa q.vailable for export. Since livesto2k 
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feed is a large component df domestic demand for feed grains a.nd soybeans 
. . 

and because per capita mea.t consumption is a major variable of frite:rest . 

in this study, the demand estimates for meat adoptedfot' this analysis 

are presented here. · 

The basic demand equations used for livestock products are those 

of Waugh.· These equations relate the per capita consumption of meat 

products to. per capita income' and the price of meat products. Projected 
. -

per capita income for 1980 was derived from B.E.A. data (U.S. Dept~ o,f 

Commerce, 1968). The l:f_vestock prices used in this report and their 

resu1t:l.ng consumptiott e'stimates. are ptesented ,in. T~b1e l. The$e iive

stock prices are estimated to be consistent with the feedstuff prices 

that result in the progrannning model under full capacity production. 

· Under .alternative A, the consumption of beef in l980 is estimated 

to incr.ease from recent levels by 14. percent to 13.1. 4 pounds. Pork is 

projected to decrease 8 percent, or 5. 3 pounds, to 61. 4 pounds~ C.on

sumption of broiler and turkey meats is no.t estimated· tQ change signi

ficantly over this period. Lamb consumption is projected to decl:ine ·· 

by less than 1. 0 pound. 

Under.alternatives·n antl E, the~e same projections a.re made for 

per capita consumption in 1980. 0nc.e the estimates have b.een derived, 

however, they are further transformed. In alternative D the. American. 

consumer cuts back his animal protein intake by 25 percent but substi

tutes soy protein for the meat reduction~ This means that the project-

ed levels (Table 1) . are reduced by 25 percent for all meats. Thus,. in 

alternative D, soy and meat proteins are substituted on a. one-for-one 



6 

basis. • In alternative E, however, the consumer'sdemartd f.or meat is 

reduced by 25 perc:enf without replacement by soy protein. In alterna..

tives B and C · consumption estimates do not. change from those of iidfer--

native A. 

Estimated ExportPotentials 

Results of t:he model solutions provide an.indication of maximum 

export possibilities for the trJited States under an optimal allocation 

of resources .and product.ion under the land and domestic demand restrain.ts 

outlirted earlier. Potential exports fol'.:' each c:onunodity are presented 

in Table 2. To further illustrate these results, estimates for each 

commodity are graphed in Figure 1, using feed units as a co1nmon denomi

nator for wheat, feed grain and soybeans. 

· Comparing alternative A with the 1971-73 average level of exports, 

the rather s.ignificantirtcrease in.export possibilities for each commod

ity can. be explained as follows: (a) tand is included in production 

for our estimates, while a large acreage was idle under government 

supply-control in 1971-- 73. (b) Yields for the endogenous crops are pro

jected. to increase as a result of improved technology by 1980. 

(c) All crops are allocated among the 150 regions according to their 

comparative advantage inproduction of each crop. 

The "wheat" alternative, B, has 2 .• 7 billion bushels of wh.eat 

available for export.· (Export of feed grain and soybeans are held at 

the 1971-73 average level.) This change in .the compositi.on of grain 

expor.ts implies a tremendous increase in1 the amount of directly con

sumable food available, 950 million bushels· .of additional wheat over. 

alternative A. 
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If the trend toward more feeding of silage to fed beef is assumed 

to accelerate by a modest 25 percent, however, an even larger ~uantity 

of grain wouid become available for export. Under alternative C, :5.6 

million mcfre tons Of grain expressed in feed units are available than 

' 

estimated for alternativeA. 

With a modest substitution of soy protein for meat, thus·keeping 

total protein constant, alternative D exports increase by 108 percent 

over the 1971-73 actual level and 17 percent over alternative A. Ex, ' 

ports of wheat would now be 2·billion bushels; feed grain and soybean 

exports would be 66 million tons and 936 million bushels, respectively. 

Even greater exports are possible if consumers do not substitute 

soy protein for the 25 percent reduction in meat consumption, alterna-. 

tive E. Exports could increase by '5.7 million tons of feed.units over 

alternative D. Under alternative E, exports increase 21 percent over 

alternative A and 115 percent over the actual 1971-73 level. Under 

alternative E, wheat exports are 2.1 billion bushels, feed grains 68 

m;i.llion tons. and soybeans 968 million bushels. The proportion of 

grains in export·under alternatives A, ·and C through Eis forced to 

remainconstant at the 1971--73 mix. 

Conclusion 

To estimate possibilities of U.S. exports to a hungry world,. 

this study ex~ines four rather modest shifts in U.S. exports and 

· consumption patterns: (a) allowing greater production potential· for 

1980 to be· used for wheat only (alternative B); (b) substituting corn 

and sorghum silage for 25 percent of the feeq grain fed to .fed beef; 



(c) •. substituti~g· v'eget~ble protein·. for. 25 percent of d1,e · proj ~,cted, · 

·atjirrtal protein int,ake Qf,Ailierican, cortstimets· (alternative ch . and··· 
•• •••• ' ,· ,· ., \ ' • ' < • • • • • • • 

. (d) requ~ing the animatprotein intake of tpe Atneri¢an consinn~r ~)1 25. 
. . .. ' .· , ,- . 

:pe;q::eti.t (~l,l:e:rnati:ve,P.)~. 
. . 

. Under the first shift (altern,ative B); expotts. of wheat :i;nc·rea.se 

1.75 percent over l971~73>averag~ levels •. ·· .. Wheat e:xpdrt~ t:oi:al 2.7 
I . 

bHli~nb~shel~ •. The secon,d inethoi (aiternative ~C) releases an addi--

tio~al 6fmilli~n b~shels of wheat;; .2.2 iriil1ion tons of f~ed gr~ins 
. ' . \ ' . .. . ... ··.· .· 

and 31 l!li1l;i:on bushel,s of 
. .·· . ' .. · ,. ·· ... ·· 

soybea~s for expo;t.-•··• Undet .the third, shift 

(alternati~e .· D)~. exports of the th~ee conunodifie$ to~ether irtcrease 
. . . ' . ·. 

• •, . I .··. • ,. •. • , ,··, 

108 percent over, average 1971.'.""73 levels and 17 percent over alternative 

,A. Exports are 2~0 ·billion bushels of wheat; 66 mi.llion· tons. of· feed 
' . . . 

grains, and 1 936 zd1ilion b~shels of soybeans. Tb~ hi;hest levels ~f · 
exports ate J:'eal;i.zed with ·the. foµrth shift (alternative E~ ~· Wheat ex~ 

P'?rt~ ar,e 2.1 b:Ulion htishels; feed. grains are 68 tn,il:lion tcfa~; .. ,and•.· 

. soybeans are 96~million b1.1shels. Total exports are 21 ptercen,t greater 

them. those. iri alt•ern~t:i.v~ A. 

Some itnpl.ica~io~s.of this research are: American capacity to 

increase production ap.c;lexports is quite lS:rge, everi without illlplement

ing any' of the poJ.icy altei:natives,. ~s in 11lternativ~ A.. Additionally, 
. : - . . . . . . 

. shifts in the .. forin of American grain exports• li1id chan,ges in American 
. . . . . ' . . . . 

di.et patterns ci.ould provide ·sharply increasec;l atnoµlits of gr~iri. for ex- . 
.' . .· . ,· . . . . . 

port. .. A major comple~eritary issu~ ,not addressed her~ is what market 
. . . ' . . •. . 

: . . . 

or policy sitiiatio11 would have to be developed before the changes dis-

cussed would r.esul.t. Also .. the cbanges <iiscussed, . dould hav.e adverse . 



. \ .. ··.· .· ·_ ... _ ; . 

effects on sd~<of the :11at:i6n.is rural C01lllllutiitie1;1 as welJ a:$ the 1:tvestock 

i~dustry. · 
·, . 

Another ntajot pol:i.cy issue to be addressed b~fore shift~ df· the. type 

analyzed ar~ ~cle invOives· the U.S. farmer's tte~d for 'strot>:g market institu.:. 

tiotts :·and, deniiirid leV'~Iser.0 insut.-e tha£ the resources us~d in 11.fiil:l capacity" . .· . : . . . . ,• ' ~ _. .:· . . . . . 

'production.will.el:irn:a. fa:iir return •. A policy of l'a:11.-out-prc,>ductfon" with.,;. . 

..• out means ·of pri~e guara~tees or assura~ce of• fo~eign demand would: cause .·· 
. .. ,: ' ·,·. '· 1-. ".' ··•. . 

great un~ert:a:i.~ty {>f over'.'"production such as that which prevailed ill the 
. ·' "' . 

d~cades of the 1950s knd 1960s. 

the -alt,etrtatives in this sttidy were· used. t() e~a1tiate possibiii:ti.es .· 
. ·._ . . .. ·,. . .• . .-. · ... .' . 

posed .. by u.s .. 811d, o~her· l~~dets; anc;l the 1974 World Food' Conference. The 

· analyi;;is of such ,-altern~tive~ does p.ot necessarily r~pr~sent. a recommend.a

·• tion of'.':such policies. . ]t does serve to. :indicate re1at:i.onship_~ that are. 

important factors. if and-when a TAorld food policy. is: devel.oped •... 
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Figure 1 ~·, Estimates o.f wheat, feed grain, and soybean exports for each m9del alternative (in 
millions of tons of feed units) . 

. aSourc~: (U.S. Dept. of Agr. , 1974) • 
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Table 1. Per capita c;onsumption for selected years and pri~es received 
at farm level as used in this study. 

Per Ca;eita Cousum:etion 
Livestock 1969.:.72 1974h 1980 Price 

class averageb .. _ ... a 
at farm level 

(lbs.) (¢/lb.) 

Beef 115.4 109.6 131.4. 48.0 

Pork 66·. 7 61.6 61.4 37.0 

Broilers 38.9 .41.5 40.5 24.0 

Lamb 3.2 2.7 2.7· 41.0 

Turkeys 9.L 8.7 9.2 22.4 

_aPrices are expressed in 1972 dollars with no adjustments for 
inflation to 1980 •. 

bSource: (U.S. Dept. of .!\gr., 1973). 



Table 2. Estimated exports for each model alternative with 1971-,73 average exports for comparison. 

Wheat 

Feed grains' (million tons) 

Soybeans (million bu .• ) 

Cotton (million bales) · 

Attua.1· 
1911-13a -

979.8 

-31.7 

450.2 

4.2 

aSource: (U.S. Dept. of Agr., 1974) 

Model 
A B 

\. 

1,744.1 2,698.4 

56.4· 31.7 

801.3 450.2 

4.2 4.2 

... 

alternatives 
C D E 

1;812.6 - 2,038~0 2,106.6 

58.6 65.9 68.2 

.. 832.9. 936.4 _ 967.9 

4~2 4. 2_ 4.2 

.. _, ., 


