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l_. INTRODUCTION 

Beef ca ttle co nvert grass from U.S. rangelands and aft e rmath from 

crops into usable protein tli:1t oth e rwi se would be una v;:iil ab l e for human 

consumption . Tliey al so arc fe el 1 argc quantities of grain in the United 

I 

Sta tes . lntensivl' use of grain ln th e beef feeding industry results from 

the nation' s large supp lies and low r eal prices of f e ed grains. 

Th e gr a.i.n producing c apacity o f U. S . agriculture far exceeds the 

amount of cereals needed for domestic huma n consumption . Accordingly, a 

l arge ..imount of wlwat is expo rt ·d as a Food crop while a large amount of 

feed grains .is produced specifically for the nation's livestock industry . 

Only 3 perce nt of U. S. co rn production i s used fo r dome s t ic human consump-

t.ion . Howeve r, S()!TIC pe opl e a nd gro 11 ps ltave been concerned wi th t he amoun t 

o f grain fed to Live s to c k i_n tlie Uni ted Stat es while human hunge r preva ils 

ove r much of t lw worJ cl . The y k:i ve been conce rned esp ecially about the 

a mount of grai11 fed to beef cattle where the amount used to p roduce a 

pound of meat l s greater tlwn for ho gs and poultry . 

Various s l1i (ts co uld be ma de in catt le feeding to alte r the amo unt 

of grain used f o r tli ese purposes . Pinis hing ca ttle at diff e r en t weight s 

i s on e of tl1t,!111. Usl' of a gr e,1 te r proportion of s ilagc is another. This 

st ud y assumes thal ca ttl e will continu e to be fed i n feedlot s and ana ly ze s 

til e impact of alternative [_injs iiin g wejg li ts a nd ~;i la ge fe e d i n g on U. S . 

and r cgion:11 l a nd use nnd c rop product i_on . It a l so a na l yze s t he potential 
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e ffec t s o f a s o i l con servation alternative on crop a nd l i v es t oc k 

p roduc t ion , land use a nd related var i a bles . 

Th e obj ec t ive of th is analysis is to c v a ]ua tv t he po t en t ia l impac t 

of al t e r n a tive f uture s in beef product i on iJ nd s o i l con serva t ion on agri

culture a s a wh o l e an d on t he b ee f c;i tt] e .Ln d us t r y ·in particu l ar . Eac h 

f ut u r e is s pecif ied in the mo del us ing differen t ass um p ti ons for th e 

beef c a ttle industry a n d U. S . a gr ic ulture . 

Th e altern a t i ve f uture s arc : 

l . The Base Alt e rnativ e . lt assumes that beef ca t t l e will be 

fin i sh ed on a conventiona l h igh conc en trate r at i o n a nd nwrk.e t e d a t a n 

av e rage we i gh t o f 1,050 poun ds . It hilS nu requi r emen t s [ o r attain i ng a 

gre at e r leve l of conserv ation . 

2. Th e 950 Alt e rnative . l t ass umes th a t be e ( cattl e al s o will b e 

fin i s h e d on a conv ent ional high cnncen t rate r;_1 tion , b ul mar ke t e d a t a n 

average wei gh t of 950 pounds . It has no r e qu ireme n ts f or soil c ons l) TVil

t ion . 

3. The 1150 Alterna t i v e . It ass umes that beef c a ttle will be 

fin i s h e d on a conven t ional high c o n ce n t r <1tc ration bu t ma r ke t e d a t a n 

a v e r age we igh t of 1 , 150 po unds . lt has n o requi rements o n s oil conser

va t i on. 

4 . The Si lage Al te r na tiv e . I t assumes th a t b ee f cn tt le wil.l b e 

fin ished on a high s ilage r a t ion a nd marketed a t an a v c rn ge weight o f 

1 ,050 p ounds . It h a s no r e quir emcn l s o n s oil con serv ,1tion . 

5 . The Soi l Cons e rva t ion Alt e rn ative . lt a s s umes th at beef ca t t l e 

wi ll be f i nish e d on a conve n t ional lti gb co ncen trat e r a ti o n a n d m~irk et ed 

a t an a v e r age weight of 1 ,050 pounds . It requi r es ;i.gri c u I t u re to adopt 
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cropping practices that limit soil erosion to leve ls set by soil scien

tists as necessary if the productivity of the land is to be maintained. 

The results obtained from the mode l for each of the alternative 

futures is used to assess th e impact of th e assumed conditions on U.S. 

agriculture and the bee f cattle industry. Comparison of the results of 

the Bas e Alternative w.ith th e 950 Alternative and the 1150 Alternative 

provides information useful for identifying and appraising the impacts 

of changing feed efficiency a s market we ights vary (Chapter IV). Com

paring the r esults from the Base Alternative with the results from the 

Silage Alternative provides a me a ns of evaluating the impact of maxim

izing th e number of animal s f e d pe r acre by using corn and sorghum silage 

instead of grain (Chapter V). Diff e r enc es between the Base Alternative 

and the Soil Conservation Alt e rnative reflect th e r e sult of requiring 

agriculture to conserve topsoil as crops are grown for livestock and 

people (Chapter VI). Since the Soil Conservation Alt e rnative requires 

more forage in land us e patterns, it interacts with the agricultural 

sector's ability and capacity to feed cattle. 

Ea ch alternative is analyzed relative to fixed levels of domestic 

and export demand. Th e a lt e rnatives ar e studied in terms of their 

impacts on fa rming practices , land a nd wat e r use, interregional shifts 

in crop and livestock productjon p a tterns, inputs used in agriculture, 

the environmental impact, production costs , conservation practices and 

soil loss levels, export capabilitie s, a nd other variables potentially 

affecte d by th e various a s sumptions for agricu ltur e . The alternatives 

a re studie d by me ans of c1 n :ition al and interregional linear prograrrnning 
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model of U.S. agriculture which expresses inte rd e pPnd e nc e among all major 

producing regions of the na tion . 

[I. THE MODEL 

This s e ction s ummarizes the s pec ifi cation and us e of the line ar 

programming model on which th e analysis is based . Th e a ppendix includes 

a mathematical summary of the model. The mod e l ha s four major sectors: 

(a) the land and water resources available to agri cultur e , (b) crop and 

livestock production activities f or the transformation o f these resource s 

in agricultural commodities, (c) the commodity transportation network, 

and (d) the domestic and foreign d e mands for agri c ultural produc ts . The 

model is solved with the objective of me eting the demands for agricultural 

products while minimizing th e cost of producing and transporting the 

nation's agricultura l products. The mod e l assume s a c omp e titive equilib

rium with all resourc es used in a griculture, exc ept land a nd water, receiv-

ing their marke t rate of return. Re turns to land and wa t e r are determined 

endogenously in the model and may b e higher or lowe r than prevailing 

market rates f or a particular region . 

Land resourc es in the model ar e divided into produc in g are as repre

senting relative ly homoge nous production cond i tions. /1. large number of 

crop and livestock produc tion activities i s defined within e ach of these 

producing areas . The demands for the commoditie s are defined at demand 

centers within consuming regions ove r the United Stat e s based on projec

tions of per capita consumption, population and export demands . Wh e n 

the model is solved, land in each producing area i s brought into produc

tion under the criterion of minimum cost, i . e ., th e most produc tive land 
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is utilized fir s t . This procedure allo cates the produ c ti on of crops and 

live stock consuming these crops to the producing areas t o minimize the 

total cost of production and tr:-ansportation incurred in me eting d ome s tic 

and ex port demands for agricultural products . 

Regions of the Model 

Four s e ts of r:-egions are us e d : (1) the da t a collection regions used 
I 

in the development of the model's data base, (2) t he regions or producing 

areas within which the production activities of the model are defined, 

(3) the market regions within which the demands for commodities are define d, 

and (4) th e r e porting regions into which the results are summarized. 

The data regions , s hown in Figure 1 , are built on c ounty approx ima 

tions of the major land resource areas used fo r data collection by the 

Soil Conservation Service, U.S. Depa rtment of Agriculture [3) . These 

regions deJineat e the land of the Unit e d States into 156 ar e as based on 

dominant soil type and management charac teristics. Weights are used to 

tra ns f er data from th e se r e gions into the producing reg ions to generate 

c oefficients nee<led in defining the model . 

The 105 producing areas or regions shown in Figure 2 ar e de rive d 

from the Water Resour c es Council' s 99 aggregated subarea s [4] . The c rop 

production sector and the land bas e o f th e model are d e fin e d within these 

r e gions. Water s uppli e s for th e western United States are de fined- for 

produ c ing areas 48 to JOS . 

The 28 market r eg i ons shown in Figure 3 ar e agg regatio n s of cont igu o u s 

producing area s. Ea ch market r e gion functions i n the mod e l as a demand 

and transportation center. Th e metropolitan c e nte rs id e nti f i e d in e a ch 
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marke t region link the model ' s transportation sector. Tran s p ortation 

activities are d e fi.n c d to <lis trihut e co mmoditi e s among these cent ers . 

The reporting regions shown in Fi gur e 4 also are formed by aggr egating 

contiguous producing a r eas . 

Land Base 

The model ' s l a nd bas e was built from the Conservation Needs Inventory 
J 

[2]. The Conserva tion Needs Inventory (CNI) r e ports acres o f land by us e 

a nd by agricultura l capability class. Eight major capability classes are 

in c luded in th e CNI with classes II thr ough VIII further s ubdivided t o 

r ef lect the most severe hazard which prevents land from being avai lable 

for unrestrict e d u se . The subclasses reflect susceptibility to erosion, 

e, subsoil exposure , s , dra inc1 ge problem, w, and climate conditions 

preventing n o rma l c rop production, c [ 2 ] . 

The county acreages are aggregated for dry land and irrigated uses 

to th e 105 producing r egions by the 29 capability class-subclasses. These 

29 c lass-subclasses are then aggr ega t e d to give the five land qu a lity 

classes shown in Table 1 to serve as the land base in the model . 

Table 1 . The five land qual i t y c lasses us e d in the s tudy and the land 
c lass a nd i, ub c l assc s from which thL' Y are aggrega ted 

Land Quality Class Inventory CJ ass-Subclasses Acres 

1 I, IIwa 
a 

I1Iwa 64,596,000 , 

2 rest of II , III, IV, a ll of V 213,385,000 

3 IIIe 71,001,000 

4 IVe 29,886,000 

5 VI, VII , VIII 1 4,340,000 

a 
wa means that drainage proble ms have been elimin a t ed . 
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Addit :::.onal information c oncerning the development of the land base, 

including adjustments to update the National Inventory data, can be 

found in Meister and Nicol [3] and Vocke, et al. [SJ . 

Crop Produc tion Sector 

The endogenous crop production sector is defined on the land base 

of each producing region and includes alternative production activities 
J 

for grain sorghum, sorghum silage, barley, corn, corn silage, cotton, 

legume and nonlegume hay, oats, soybeans, sugar beets, and wheat on 

each of the different land classes . Other crops enter the model on an 

e..'Cogenous basis. Uniqu e activities are defined for each of the five land 

quality classes in each producing area and specify alternative rotations, 

tillage, and cons e rva tion pra ctices f o r each crop and irrigated or dry-

land farming. Each combina tion of these different components represents 

a crop management system or activity. Using the nitrogen, land, and 

water resources defined in the model, each system or activity produces 

commodities needed for livestock and consumer demands. 

The procedure used to generate coefficients for crop rotations 

allows for interr e lationships among crops. For example, following legume 

crops, nitrogen can be carried ove r to subsequent crops. Each rotation 

can be combined with a ny one of four c onservation practices: straight 

row cropping, contouring , strip cropping, or terracing. Conservation 

practices are defined on the land quality classes according to recommen

dations given in the SCS Questionnaire [3]. A crop management system 

is completed by adding one of three tillage practices: conventional 

tillage with residue removed, conventional tillage with residue left, or 
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reduced tillage. When they are adjust ed to account for differences in 

production cost, f ertilizer requirements, crop y i elds, wat e r needs, and 

susceptibility to soil erosion by producing r e gion, these crop management 

systems then become activities in the crop production sector. Furth er 

details can be found in Meister and Nicol [3]. Nitrogen is available to 

crops either from legumes, chernicul f ertilizers, or livestock manure. 

Livestock 

The livestock sector includes dairy, hogs , beef cows, beef feed

ing, broilers, turkeys, eggs, sheep and lambs, and a general category 

for ·other animals such as horses, mules, ducks, geese, and zoo animals. 

Separate livestock production activities are de fined only for the endo

genous livestock enterprises: hogs, beef cow, beef feeding, and dairy

ing. Production coefficients for feed requirements and manure produc

tion are estimated for all categories, but cost data are needed only 

for the endogenous livestock. 

Livestock rations are formulated within the model to allow 

endogenous substitution between grains, between roughages and grains, 

and between roughages. Hence, the model selects least-cost rations for 

the livestock in each region. The model also determines the type and 

amount of livestock to be produced in each region and the amount of 

grain transported to it. The nitrog en in the manure produced by live

stock is transf erred to the crop production s ector wher e it is uti l ized 

as a fertilizer. Detailed discussion of the developemnt of these activities, 
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including specification of the alternative rations and the nutrient value 

of the animal manure can be found in Meister and Nicol [3]. 

Water Secto r 

The water sector of the mode l defines water availability in the 

western United States in producing areas 48 to 105. It also defines 

activities for the transfer of water between producing r~gions. Addi

tional information about the water s upplies and the transfer activities 

can be found elsewhere in Colette [l]. 

Transportation 

The transportation routes, defined between all contiguous market 

regions, are measured by the distance between the metropolitan centers 

in each market region. Some heavily used long-haul routes between non

contiguous regions are defined if they reduce mileage by 10 percent 

over accumulated short-travel routes. Two activities are defined for 

each commodity over each route, one for shipment in each direction [3]. 

Time Horizon 

Evaluation of policy impact alternatives within the limitations of 

the model requires that a sufficient time horizon be specified to allow 

for the implied adjustments to materialize . In this report, 1985 was 

selected as the year of projection. Alternatives define d in the model 

are designed to be consistent with projected and expected production 

alternatives available and demands prevailing in 1985. 
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Commodity Dema nd s 

The c ommodi t y demands i n th e mo de l a r e e ither exog enous or endogenous. 

The endogenous commodity d emands are the fee d r equirements of the 

endog enous l i vestock: hogs, bee f cows , be,:f feeding , and dai rying wh ich 

can use many a l ternative r a tions . The exog e nous connnodity demands i nc lude 

the feed r equ i remen t s of t he exog enous lives tock, proj ected domestic de

ma nds by consumers and industry , a nd ex por t proj ections (Table 2). Out

comes would , of course , var y some fu r dif f e r e nt expor t l evels . 

Tab l e 2 . Proj c.:cLed net. export d,•m..1nds l.i y commod i t y , U. S . to t a l s 
(1,000 units) 

Commodity Un it Quantity 

Corn bu. 2,030,995 

Sorghum bu . 270,002 

Barley bu . 24,994 

Oats bu. 19,000 

Wheat bu. 1,218,162 

Oilmeal bu. 791,374 

Cotton bu. 4,208 

II I. BASE ALTERNATIVE 

In the Bas e Alternative , feedlot cattle are finishe d on a high 

concentrate ration and marketed at a n average liveweight o f 1,050 pounds . 

The regional distr i bution of l i vestock in the Base Alternative (stock 

cows, beef f eeding , dai r y , and hogs ) is determined simult aneously with 

crop production patterns to minimize th e total cost o f raising and trans

porting both crop and livestock produ c t s to the dem a nd cent ers explained 

elsewhere. 
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Crop Produc tion Patterns 

Output of individual crops in the Base Alternative is allocated 

to areas having a comparative advantage in production of ea ch (Table 3). 

For example, about 65 percent of the corn and sorghum is produced in 

the North Central region . Over 50 percent of the soybean production is 

concentrated in the North Central region . Together, the North Central 
I 

and Great Plains regions produce more than 60 percent of the small 

grains. 

The utilization of the available c ropland in each region varies 

from a low of 93 per cent in the Southwes t region to a high of 98 percent 

in the North Atlantic region (Table 4) . For the entire United States, 

96 percent of the cropland base which is not cr opped is either not high-

ly productive for crops or the cost of tr ansporting its output to the 

demand centers is too high (or a combination of the two). 

Beef Production Patte rns 

The regional dis tribution of beef production in the Base Alterna

tive is de termined simultane ously with r eg ional crop product i on patterns 

(Table 5). The availability of corn and sorghum grain is an important 

determinant of the loca tion of bee f feeding operations. A second factor 

influencing the lo cat ion of beef feeding i s the availability of feeders 

from stock cow herds. The l oca tion of stock cows is partly determined 

by the availability of low cos t rou ghage such a s pasture and crop after

math. 
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Table 4. Percentage of available cropland used for crops i n each region of 
of the Bas e Alternat ive 

Region 

North Atlantic 

South Atlantic 

North Central 

South Central 

Per cent 
Utilization 

98 

96 

97 

97 

Region 

Great Plains 

Northwest 

Southwest 

United States 

Percent 
Utilization 

94 

97 

93 

96 

Because of large supplies of low cost roughage, more than 70 percent 

of the feeders a re raised in the South Central and Grea t Plains regions. 

In addition, corn and sorghum grain production in these two regions is more 

than adequate to feed out the feeders r a ised in them. Thus, in the Base 

Alternative, feeders from other regions can be profitably shipped to the 

South Central and Great Plains regions for feeding. As a consequence, 

more than 70 percent of the beef feeding is concentrated in these two 

regions under the Base Alternat i ve. 

Feed Consumption by Livestock 

Livestock feed consumption in the Base Alternative is shown in Table 

6. Nearly 70 percent of the corn and more than 80 percent of the sorghum 

is fed to livestock while only 3 percent of wheat product i on is consumed 

by livestock. Nearly 50 percent of the oilmeal output of agriculture in 

the Base Alternative is used as a protein source for livestock. 



Table 5 . Regional dis tribution and l ev els of va r ious beef cattle ac tiv i t i e s in the Bas e Al terna t ive 
(1 , 000 units) 

Region 

North Atlantic 

South Atlantic 

North Central 

South Central 

Great Plains 

Northwest 

Southwest 

United States 

Feeders 
from 

Bee f Cows 
(head) 

1,925 

2,768 

16,051 

11 , 434 

1 , 467 

4,365 

38,013 

Feeders 
from 

Dairy Cows 
(head) 

979 

1,013 

1,136 

418 

201 

101 

331 

4,182 

Net Export 
of Feedersa 

(head) 

1,185 

281 

-1,185 

-281 

Feeders 
Fed Out 
(head) 

979 

1,754 

3,624 

17,655 

11,916 

1,568 

4,696 

42,195 

aA pos i tive va l ue indica t es f e ede r export s fr om t he r eg i on . 
meaning . 
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advers e effects on s oil conserva tio n a nd env ironm e nta l qua lity . The 

average national rat e o f s o i l l oss in th e Ha se Alternativ e , including 

l a nd in which e ro s i o n i s nonex i s t ent or no t a haza rd , i s 5 . 51 tons pe r 

a c re annually . Some land i s l ev e l a nd do es not hav e an eros ion inc.i -

dence. Th e rat es fo r ind i vidua l regions rang e f r om a l ow of less than 

2 tons in the Southwes t r eg ion to over 1 2 t o n s r e r year in the South 

At l antic region (Ta ble 8) . 

Table 7. Percentage o f t o tal i n put s used in the Ba s e Alt e rnative by 
commodity g roup 

Commodity 
Group 

Corn and 
grain 

sorghum 

Ba rley, oats, and 
wheat 

Cotton 

Soybe ans 

Legume and non legume 
hay 

Corn and sorghum 
silage 

Acre s 

27 

20 

2 

28 

8 

5 

a 
Percentage 
Nitroge n 

Fer t i l i z<:• t: 

5 9 

J9 

4 

4 

5 

8 

- -- --- ·· 

Pes ticide 
Exp enditu r es 

46 

8 

8 

33 

2 

1 

----- ---· 

a 
Pe rcent ages do no t sum to 100 b ec c1 11se th..:• t:,b Le does not .Ln c l ud c 

a ] 1. crops i n t h e mud l'l . 

2] 

Ta bl e 8 . Ave rage a nnua l rH L~ s of s oi l e r os ion per a c re fo r e a ch major 
r e porting r eg ion in tlie Base Alternativ e 

Region 

North Atlantic 

South Atlantic 

North Centr.:il 

South Central 

Soil Loss 
per Ac re 

(tons) 

5.35 

12.19 

5.36 

Region 

Great Plains 

Northwest 

Sou t hwest 

United States 

Soil Loss 
per Acre 

(tons) 

4 . 36 

3 . 40 
' 1. 31 

5.51 

Results from other alterna tives are now compare d with those from 

the Base Alternatives . The r esults from the Base Alternative s are not 

statistical pre dictions to 1985 but represent solution s which op t imize 

relative to the restraints of the model and its objective function. 

IV. ALTERNATIVE FINISHING WEIGHTS 

As beef cattle are f e d to heavier weights, feed efficiency de-

clines . When fattenin g is carried to an extreme at heavier weights , 

excess fat on the animal ' s bodies must be trimmed f rom the carcass. 

To the extent this trimmed fat cannot b e put to a valuable use, it 

represents a mi salloca tion of th e agricultura l re s ources going into its 

deposition. 

This study varies the fin i shing we ight of fed beef cattle to 

analyze the interaction between resourc e use in American agriculture 

and the marketing weight of f e d cattle. Besides changing total feed 
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r e quirements f or the f ed beef indus try , va r ying the marke t we ight of 

t he cattle implie s an adj ustrnent in stock c ow numbers. When anima l s 

a re marketed at a lighter tha n conventional we ight, the numb er of ani

mals s laughte red must inc rease to meet a g iv e n consumer demand for f e d 

beef. This expansion of beef cow herds inc r e a ses the r esources neede d 

to ma i ntain the stock c ow s ector of the beef industry. Spec i f ica ll y , 

it also requir e s considerably mor e forag e . Conve r sely, wi th h e avie r 

than conventional fini shing we ights, f ewer c ows arc ne ed e d and hen ce, 

l e ss r esources are r equired for their maintenance. 

Changes in the tot a l feed requir ements of both the stock cow herds 

and feeders as finishing weights are vari ed creates economic force s 

for interregional adjustments in the loca tion of both feeder calf produc

tion and fatt ening . Thes e cha nges also can have dir ec t i nterregional impacts 

on the production of f orages and thus ind i r ec tly on th e production of 

fe ed grains. Th e nation's crop production thus should cons ist of 

a greater proportion of f or ages and a smaller proportion of f eed grains. 

Va rious producing reg ions wil l b e affected differently becaus e they have 

different compara tiv e advanta ge s in rroducing these two major s e ts o f 

crops. We analyze these effects to s e e i f they are economically signi

ficant. 

The Alternatives 

Three alternative beef feeding sec tors are de fined using the data 

displayed in Table 9. Th e model alte rna tive using a finishing we i g ht of 
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950 pounds liveweight i s rel erred to a s the 950 Alternative . Similarly, 

the model alternative with a finishing weight of 1,150 pounds liveweight 

is called the 1150 Alt ernative. The Bas e Alternative uses a conventional 

finishing weight of 1,050 J i veweight. The Ba se Alternative is used as 

the point of reference in interpreting the results of the alternative 

model s . 

Tabl e 9. Meat yield and f e e d convers io n ra te s used in t he an a lys i s of 
market weight of fed beef animals a 

Market
1 

Percent Marketablec ·Feed per Pound 
Weight) Meat of Gain 

950 . 308 7.73 

1050 .306 8.41 

1150 . 304 9.19 

a'J'hese data were provided by Dr. Gene Rou se of the Iowa State 
University Department of Animal Science. 

d 

bThe listed market weight values are weighted averages of steers 
and heifers, where the weights are the relative proportions of each. 

cHarketable meat is defined to be the boneless, closely trimmed, 
retail cuts from the round, loin, rib, and chuck. The percentage values 
account for both dressing percent and cutability . 

d 
These values are average feed efficiency values over the whole 

feeding period from 450 pounds to (a) 950, (b) 1050, (c) 1150 poundS' , 
respectively . Feed is in pounds of dry matter of all materials fed . 
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Feed Consumption in the 950 Alternative 
and the Base Alterna tiv e 

Marketing fed beef at an average finishing weight of 950 pounds 

liveweight in the 950 Alt ernative as compared to an avera!ie finishing 

weight of 1,050 pounds liveweight in the Base Alternative greatly 

i ncreases feed efficiency. Total feed con s umption by th e U.S. cattle 

feeding industry declines 17 percent in t he 950 i\lternat i.ve as compared 

to the Bas e Alternative (Tab le 10). 

Table 10. Per centa ge change in Lutal cons umpt ion with i n the beef cattle 
industry in the 950 Alternative compared to the Base Alterna
tive 

Percent Chanpe in Feed Consumptiona 
Method of Beef Feeding Stock Cow Beef Cattle 
Measuring Sector Sector Industry 

Consumption measured 
in n e t energy terms 

Consumption measured 
in dollar terms 

-17 

-17 

9 -1 

10 1 

aPositive values indicate a percentage increase in the 950 Alterna
t i ve r ela t ive to the Ras e Alt e rnative. Nega tive values have the opposite 
meani ng . 

An nl ysi s of th e entire beef catt l u i ndustry, including bee f 

feeding and stock cows, however, reveals the impact of a n expand ed number 

of beef cows. To meet the rnea t dema nds i ncorpor:- a t ed in th e model and 

to of fset the lighter market weights, the 950 Alternative requires 9 

percent more s t ock cows to produce calv e s than the Base Alternative. 

This larger population of stock cows consumes 9 pcrcl~nt mOl:"l' feed (Tabl e 10) 
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with the additional for age coming out of the cropland base. When this 

increased consumption -j s balanced against savings in the feedlot, the 

result is al pe rcent savings of feed consume d in the 950 Alternative a s 

compared to th e Br1se Alternative. 

Wli e n the feeds consum ed by thf' <·: 1 t t lc~ ar e priced according to 

their s upply prices to give consumption in dollar terms, the results 

of the analysis are only slightly a ltered (Table 10). 1 
ncreased feed 

efficiency in the 950 Alternat iv e lowers the total value of the feeds 

consumed by the b eef feeding sector of the cattle industry. The 

total value of the various feeds consumed by the whole beef cattle 

industry is 1 percent higher i n the 950 Alternative than the Base 

Alt e rnative (Table 10). This slight increase, as comp ared to the de-

cline when feed consumption is measur ed in net energy te rms , results 

because the 950 Alterna t i v e raises the demand for pasture and roughages. 

The res ult of th e higher demand i s higher s upply prices for both pasture 

and roughages. Th e higher Sllpply prices slightly increase the cost of 

feeding the s tock cows (Tahle 10). The result for the beef cattle 

industry is a highe r total f eed bill in the 950 Alternative as compared 

to the Base Alternative . 

Fee d Consumption in th e 1150 Alternative 
a nd the Base Alternative 

Mark e ting fed beef at an a verage finishing weight of 1,150 pounds 

liveweight in th e lJ 50 i\ltern a tive as compared to an average finishing 

1 
The supply pric es generated in th e model we r e used in computing th e 

dollar value of feed consumed. Th e supply pri ce fo r that c rop is that price 
required to produco a level of output s ufficient to mee t the demands of 
the model. The mode l select s the production cost of the highest cost 
producing area contributing t oward s total supply a s the supply price. 
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we i g ht of 1,050 pounds liveweight in th e Base Alternative decreases 

feed efficiency. Total feed conswnp tion by the beef feeding sector 

increases 18 percent (Table 11). Because fewer animals need to be 

slaughtered with the higher average finishing weight, the numb er of 

stock cows in the 1150 Alternative is 8 percent l ess than in ti~ Base 

Alternative. Hence, total feed consumption by stock cows declines 7 

percent . The result in the 1150 Alternative is a 2 percent increase 

in total feed consumption for the b eef cattle industry. 

With feeds consumed by the cattle priced according to the ir 

supply or shadow pr ices , the total value of feed consumption by the beef 

cattle industry increases 4 percent in the 1150 Alternative compared 

to the Base Alte rnative (Table 11). This 4 per cent increase is the 

result of a 22 percent inc r ease in tl1e value for feed for cattle carried 

to the heavier finishing weight a nd a 5 percent declin e in the 

value of the feeds consumed by stock cows. The explanation for the 

difference b e tween an analysis of feed conswnption on an energy basis 

as compared to a dollar basis is due to changing supply prices. In

creasing the feed requirements of the beef feeding sector in th e 1150 

Alternative slightly raises the supply prices for the feeds. These 

higher supply prices exaggerate the impact of feeding cattle to the 

heavier finishing weight. Th e total cost of maintaining stock cows does 

not decline by the same proportion as cow n umb e rs are reduced since 

the s upply prices fo r pasture and roughages do not decline significantly . 

l 
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Table .ll. Pe rce ntage change in total consumption within the beef cattle 
industry in the 1150 Alternative compared to the Base Alter

native 

Percent Change in Feed Consumptiona 

Method of 
Measuring 

Beef Feeding Stock Cow Beef Cattle 

Consumption measured 
in net energy terms 

Consumption measured 
in dollar terms 

· Sector 

18 

22 

Sector Sector 

-7 2 

J 

-5 4 

aPositive values indicate a percentage increase in the 1150 Alterna
tive relative to the Base Alternative. Negative values have the opposite 
meaning . 

Location of Beef Feeding and Stock 
Cows in the 950 Alternative 

The lighter finishing weight :i.n the 950 Alternative has a signifi-

cant interregional impact in the location of beef production. To com-

pensate for lighter slaughter weights mor e feeders and more stock cows 

are needed . As s hown in Table 12, stock cow numbers increase 17 percent 

in the South Central r eg ion in the 950 Alternative as compared to the 

Base Alternative . Also , th e number of feeders finished in this region 

increases by 15 percent. llecause of the increased efficiency of beef 

feeding in the 950 Alterna tive, the tot a l quantity of corn and sorghum 

consumed by fed cattle d eclines by at least 20 perc ent in all regions 

except the South Central r eg ion . The increase in the number of fed 

cattle marketed from the Sou th Central region in the 950 Alternative 

accounts for th e relativ e ly small decline in total consrnnption of corn 

and sorghwn grain as compared to the Base Alternative . 
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Location of Beef Feeding and Stock 
Cows in the 1150 Alternative 

As the finishing weight increases, the beef cattle industry in the 

Great Plains region is greatly disadvantaged in the 1150 Alternative com

pared to the Base Alternative. The number of stock cows and the number 

of feeders fed in the Great Plains region falls 17 and 16 percent, respec

tively (Table 13). The substantial decline of beef feeding in the Great 

I Plains region is reflected in the relatively small increase in the con-

sumption of corn and sorghum by fed cattle compared to the other regions 

in the model. Feed consumption increases because of reduced efficiency 

of feeding the cattle to the heavier finishing weight in the 1150 Alterna

tive. 

Parts of the Great Plains generally serve as "surplus" or "shifting" 

regions: If no special burden is placed on grain demand these areas of 

the Great Pla ins are not needed for grain can be used for forage. If 

grain demands are strong , these "shifting" areas move back into grain 

production in solution of interregional programming models. Hence, as 

more grain is used in the 1150 Alternative the "shifting" areas of the 

Great Plains move into grains. 

V. HIGH SILAGE RATIONS FOR FED BEEF 

If high silage rations were used more widely in beef feeding, some 

land could be s hifted to producing food crops f or humans. Silage produces 

more harvested output of feed nutrients per acre than does corn or sorghum 

grain. 

In the Base Alt ernative beef feeding is limited to high concentrate 

rations. The alternative to be analyzed now includes high silage rations 

IO'WA 
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for fed cattle. This alternative will be refered to as the Silage 

Alternative. 

Land Use and Supply Price Changes 

Substituting silage for concentrates has several important impacts 

(Table 14). With beef fed a high silage ration, 9.4 million acres are 

freed in the Silage Alternative compared to the Base Alternative. In 

addition to using fewer acres, extensive feeding of sil~ge substantially 

lowers the supply prices of other crops (Table 15). The supply pr i ce 

for a particular commodity is determined, in meeting a given demand, 

by the per unit cost of production in the most expensive region where 

that crop is produced. Supply prices decrease under the Silage Alter

native because fewer acres are needed to meet all the domestic and foreign 

demands as silage is substituted for concentrates in the fed beef ration. 

Because the model selects the least-cost organization of U.S. agriculture, 

those regions with less productive land, i.e., with the highest per unit 

production costs, are the first to be taken out of crop production. The 

result is lower supply prices for all commodities. 

Table 14. Comparison of the percentage of net energy represented by each 
commodity group in the total net energy consumption in the 
Silage Alternative and the Base Alternative 

Alternative Corn and Barley, Oats Oilmeal Legume Corn and Sorghum and Wheat and Non- Sorghum Grain 
Legume Silage 
Hay 

Base 67 8 3 14 8 
Silage 3 6 6 4 80 
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Table 15 . Percentage decrease in average supply prices for crops i n the 
Silage Alte~native as compared to the Base Alternat ive 

Crop Percentage Decrease Crop Percentage Decrease 

Corn 10 Oilmeal 7 

Sorghum 14 Legume hay 7 

Barley 12 Silage 3 

Oats 4 Cotton 0 

\-fuea t 12 

The lower supply prices reduce feed costs for fed beef and the 

other classes of livestock as well. Total feed expenses for beef feed

ing declines 22 percent under the Silage Alternative in comparison 

with the Base Alternative. For dairying a nd hogs the decline is 7 and 

9 percent, respectively, in the Silage Alternative compared to the 

Base Alternative. 

Interregional Adjustment s 

The high silage ration favors certain interregional adjustments 

in agriculture relative to the Bas e Alternative (Table 16). Reg i ons 

possessing a compar a tive advantage in beef cattle production can expand 

production at the expense of other regions because of increa sed produc-

tion per acr e . 

The concentration of stock cows increases in the South Central 

region in the Silage Alternative comp ared to the Base Al ternative. 

The concentration of cattle feed ing in the South Central region also 
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increases following the increased availability of feed in the region 

when the high silage ration is used . The South Atlantic region also 

increases the size of its fed beef industry under the high silage 

rations as compared to the Base Alternative. 

VI. SOIL CONSERVATION 

The Base Alternative was formulated so that restrictions were not 

placed on the selection of cropping practices in r elation to their 

effect on soil erosion. The Soil Conservation Alternative is formulated 

so that soil erosion rates will be less than the soil loss tolerance 

rates set by soil scientists as necessary to maintain the f uture productivity 

of land [6]. To develop the Soil Cons erva tion Alternative, each crop 

management system in the Base Alternative is checked and only those 

systems whose erosion rate i s less than the soil loss tolerance l evels 

are allowed in t he Soil Conservation Al ternative. Thereafter, the model 

can select the rotation , tillage, method and conserva t ion practices 

which are most ef f i cient in meeting the soil loss restriction f or each 

land class in each producing region. 

A crop management system is defined as a unique combination of a 

rotation with a specific tillage and conserva tion practice on irrigated 

land or dryland. The crop rotations used in each production area are 

determined by combining the r otations recommended by the Soil Conserva

tion Service [3]. Four conservation practices (straight row cul t ivation , 

contouring, strip cropping, and ter r acing) are allowed for each crop in 
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each producing area. Each conservation practice also can be used with 

three types of tillage practices: conventional tillage with residue 

removed, conventional tillage with residue left, and reduced tillage . 

The various combinations of crops, conservation practices, and tillage 

methods can be used for each land class in each producing area. Each 

rotation combined with a specific i · conservat on practice and tillage 

practice defines a unique crop management system, progr~mrning activity, or 

variable. And, for each crop management ,system there is a specific · soil ero-

sion coefficient def ined for each crop and . land class 1·n · 1 a ,particu ar region. 

Soil erosion is influenced by many factors, such as land quality, 

slope gradient, length of slope, and rainfall. Erosion can be reduced 

by use of various tillage and conservation practices. Contouring reduces 

runoff by holding back water and allowing more time for penetration. 

Strip cropping is an effective means of spreading water. Terracing also 

reduces the velocity of water and disperses it. Reduced tillage represents 

the adoption of the most likely method of tillage in the area consistent 

with reduction in direct exposure of the soil surface to wind or running 

water. 

Gross soil loss represents the number of tons of soil leaving the 

field over a one-year per1'od. Th · 1 1 · d · d e soi oss 1s eterm1ne using the 

Universal Soil Loss Equation developed by Wischmeier and Smith [6]. The 

soil loss equation is expressed as: 

where: A is the average annual per acre soil loss; 

R is the rainfall erosive factor based on the local area; 
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K is the soil erodibility factor for the specific soil determined 

from its erosion under continuous fallow in a 9 percent slope, 

92.6 feet long; 

Lis the slope length factor relative to 72.6 feet; 

Sis the slope gradient factor relative to a 9 percent slope; 

C is the crop management factor which related to a particular 

crop rotation and tillage practice; and 

Pis the erosion control practice factor which relates to the 

conservation practice. 

For producing areas in mountain valleys and on the West Coast, the 

data required for the soil loss equation have not been completely developed . 

An alternate procedure was used to estimate the soil loss from these lands . 

Soil Conservation Service (SCS) personnel estimated the tons of soil loss 

associated with each crop management systems on each of the land classes 

and subclasses defined in the SCS data area . For the purpose of the model, 

these estimates were treated as if they were developed from the soil loss 

equation [3]. Each activity representing production of irrigated crops 

is considered to have a soil loss level similar to the corresponding dry-

land activity for similar land classes. 

Changes in Soil Erosion Rates 

Shifting crop production patterns and changing soil management 

practices to conform with the Soil Conservation Alternative result in 

substantial decreases in regional soil erosion rates compared to the Base 

Alternative (Table 17). The South Atlantic region is greatly affected 

by the soil conservation requirement due to normally high erosion rates 
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as a result of greater rainfall, more 1 s oping land, and a lack of winter 

freezing over much of the r . . egion. 

Table 17 . Com~arison of average rates of soil erosion 
reg · h · 10n 1n t e Soil Conservation Alternative 

by reporting 
Compared to the 

Base Alternative 

Soil Loss Per Acre (Tons) 
Region 

North Atlantic 

South Atlantic 

North Central 

South Central 

Great Plains 

Northwest 

Southwest 

United States 

Base 
Alternative 

5.35 

12.19 

4. 77 

5.36 

4.36 

3.40 

1. 31 

5.51 

Soil Conservation 
Alternative 

I 

2 . 01 

3.05 

2.46 

2.26 

1. 83 

1. 38 

. 88 

2.18 

Changes in Crop Production Practices 

Conservation and tillage practices change as agriculture is limited 

to those cropping options which restrict acre soil losses to the soil 

loss tolerance levels (Table 18). A s might be expected, straight row 

farming declines because of the erosion hazard associated with the prac-

tice. The number of acres protected by · contouring, terracing, and reduced 

tillage increase in the Soil Conservation Alternati·ve compared to the 

Acres farmed under strip cropping decrease in net as 

some land subject to severe erosion problems is shifted from strip crop-

Base Alternative. 

ping to terracing. are su stituted for con-Reduced tillage pract1·ces b 

ventional residue management practices in the Soil Conservation Alternative 

as compared to the Base Alternative. 
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Table 18. Acres planted under the var ious conserva tion a nd tillage 
practices in the Bas e Alterna t ive and the Soi l Conservation 
Alternative (1,000 acres) 

Pr ac t i ce 

Cons ervat i on practices 

St raight r ow 

Contour 

Strip cr opped 

Terraced 

Tillage prac t ices 

Conventional tillage 

Reduced t i llage 

Base 
Al t ernat ive 

114 ,4 73 

167 , 037 

32,296 

41 , 154 

225 ,017 

129, 943 

Soil Conserva t ion 
Alternative 

89,558 

179,118 

12, 744 

77,261 

176,799 

181 ,882 

Grown alone, crops such as cor n , s orghum, cotton, a nd soybeans do 

not adequat ely protect the soil fr om eros ion . These crops can, however, 

be grown in rotation with small grains, gras s and hay crops wh i ch do pro

tect the soil. Or, they can be raised us ing soil conserva t ion practices 

such as contouring and terracing. Regardless of t he method employed , the 

effect is to raise the relative cost of production for a c r op like corn 

silage in the Soil Con s e r vation Al t ernative compared t o t he Base Alterna t ive . 

The rise in relative cos t makes i t pr ofi t ab l e to s ubs t i t ut e small gr ains 

k . 1 
and hay for silage in the livestoc rations . The increased us e of legume 

1The only endogenous changes for beef allowed in the Soil Consecvation 
Alternative are changes in the ration and changes i n t h ~ location nf produc
tion. Thus the number of b eef cattle and t he amount of beef produced in 
th is alternative is the s ame as in the Base Alterna tiv e . In general, we 
would expect that systems which encourage greater forage produc t ion would 
increas e produc tion and lower the supply price of beef . These fl exib ilities 
were not built into the model (since a fixed set of point demands were used 
for all commodities). These limitations of the model will even t ually be 
eliminat ed as demand functions are incorporated in a more complex quadratic 

programming model. 
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hay by livestock reduces the need for soybeans as a protein source in 

the Soil Conservation Alternative. 

Interregional changes in cropping patterns occur when i t is prof it

able to shift crop product i on to a region less susceptible to erosion 

in the Soil Conserva tion Alternative, rather than use a more costly 

practice like terracing so the crop can continue to be produced in the 
I 

same region as in the Base Alternative. For example, erosion problems 

associated with row cropping in the South Atlantic region cause, f rom 

a national standpoint, a profitable shi ft of cotton production to the 

South Central and Southwest regions of the United States (Table 19) 

in the Soil Conservation Alternative compared to the Base Alternative . 

Similarly, soybean production shifts quite dramat i cally f rom the South 

Atlantic region to other regions less susceptible to erosion, primarily 

to the Great Plains region. Soybeans is an erosive crop in any region 

when grown on hilly land. It is an especially erosive crop in the 

South Atlantic region where the winters are open and r a inf all is high (3) . 

The smaller erosion problems in the Great Plains greatly favors the 

production of corn and sorghum as well as soybeans unde r the Soil Conser

vation Alternative. 

Resource us e i n agr i culture is altered under the r equirements of the 

requirements of the soil cons ervation policy analyzed in th i s s t udy. 

For example in the Base Alternative, corn and sorghum are produced pr i 

marily in continuous crop rotations on the most productive l and . I n the 

Soil Conservation Al ternative the use of t hese continuous crop rota tions 

declines and corn and sorghum are r a ised i n rotat ion with small gra i ns 



Table 19. Changes in production by commodity group in each reporting region be tween the Soil 
Conservation Alternative and the Base Alternative 

Production (1,000 units)a 
Region Corn and Barley, Oats, Soybeans Cotton Legume 

Sorghum and Wheat and Non-
Grain legume hay 

(bushels) (bales) (tons) 

North Atlantic -13,199 -167,184 35,942 0 6,029 

South Atlantic 306,837 326,766 -452,958 - 7,026 11,461 

North Central - 466,668 39,491 9,251 0 12,799 

South Central -452 , 747 107,876 4,686 4,073 28,260 

Great Plains 913,227 -285,096 176 , 113 0 -4,331 

Northwest -237, 87 4 90 ,318 0 0 9,806 

Southwes t -61, 907 -30,106 0 2,953 8,144 

aPositive values indica t e an increase in production of the crop in the Soil Conservation 
Alternative compared t o the Base Alt ernative. Negative values have the opposite meaning. 
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In the Soil Conservation Alternative small grains (barley, oats 

and wheat) are grown on a greater proportion of more productive land than 

in th e Base Al ternative . The result is higher yields in the Soil Con

servation Alternative. Small grains use less land and more nitrogen 

and pesticides because of reg ional shifts of production to regions using 

higher application rates for fertilizer and pesticides (Table 20). 

South Central reg ion 

Stock cow herds decline in the South Cent ral region in the Soil 

Conservation Alternative compared to the Base Alternative as cows are 

shifted to regions such as the North Central and South Atlantic regions 

(Table 21). The beef feeding industry expands, although corn and sorghum 

production declines in the South Central region. It is profitable to 

import both feeders and feed grains from other regions into the South 

Central region in the Soil Conservation Alternative to complement forage 

production. 

Great Plains region 

Although production of corn and sorghum incr eases, cattle feeding 

in the Great Plains decl ines in the Soil Conservation Alternative as 

compared to the Base Alternative (Table 21). The situation for the 

Great Plains in the Soil Conservation Alternative is grea tly influenced 

by the feed requirements of 16. 9 million hogs shifted from the North 

Central region to this region. The whole cattle industry is at a 

comparative disadvantage and stock cow numbers decline by 3.8 million head 

in the Soil Conservation Alternative compared to the Base Alternative. 
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cattle will be f inished on a high co ncentrate r a tion and marke ted a t 

an average we i g ht of 1,050 pounds ; (2) a 950 Alternative where it i s 

assumed that beef cattle will be finished on a hig h concentrat e ration 

and marketed a t an average weight of 950 pounds; (3) a 1150 Alternaiive 

where i t is assumed that beef ca ttle wi l l be finished on a high concen

trate ration and ma r ke t ed at an average weight of 1,150 pounds; (4) the 

Silage Alternat i ve where it is assum ed that beef ca ttle will be finished 

on a high silage r a tion and marketed at an average weight of 1 ,050 pounds ; 

and (5) the Soil Conservation Alterna tive wh er e it is as s umed that beef 

cattle will be finished on a high concentrate ration and marke ted at 

an average weight of 1,050 pounds. In the l a tter alterna tive, agri cul

ture must use cropping practices that limit soil erosion to levels that 

allow maintaining land productivity over time . 

Alternative Finishing Weights 

This study considers thr ee marke t weights (95 0, 1 ,050 ,:md 

1,150 pounds) for fed beef to analyze the imp ac t of this changing feed 

efficiency on the beef industry. Varying the flnj s hi.ng weight of ccitt1 e 

also implies an adjustment in stock cow he rds. For example, with r e

duced finishing weights , more cows ar e needed to s upply the greater 

number of fat ca ttle to be slaughtered if giv en consumer demands a r e to 

be met. 
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950 Alternative compa red to the Base 
Alternative 

The beef cattle in the 950 Alternative and the Base Alternative of 

the model are finished in the feedlot at an average of 950 and 1,050 

pounds liveweight, respectively. The improved feed efficiency in the 

950 Alternative lowers feed costs for the beef feeding industry by 17 
I 

percent compared to the Base Alternative. Feed costs for the entire 

beef cattle industry, however, increase by 1 percent in the 950 Alter

native compared to the Base Alternative. The savings in feed during 

the feeding phas e as cattle are marketed at a lighter weight is more than 

offset by the higher fe ed requirements of the larger number of beef 

cows. 

Beef cattle numbers (beef cows and fed beef) increase in most 

reg ions of the United States in the 950 Alternative compared to the 

Base Alternative to compensate for the lighter market weight. The 

South Central region in particular greatly increases beef production. 

1150 Alternative compared to the Base 
Alternative 

In the 1150 Alternative, beef cattle are finished in the feedlot 

at an average of 1,150 pounds liveweight. Reduced feed efficiency 

under the 1150 Alternative increases feed costs for the beef feeding 

industry by 22 percent compared to th e Base Alternative. However, feed 

cos ts for the entire beef cattle industry increase by only 4 percent 

in the 1150 Alternative compared to the Base Alternative. The lowered 



48 

efficiency of f eeding ca ttl e to the highe r wei ght is not entire l y 

offset by the savings due to a smaller number of beef cows. 

Beef ca ttle numbers decline i n most regions of the United St a t es 

i n the 1150 Alternative compared to the Base Alternative because of t he 

heavier finishi ng weight of the market ca ttle. 

decline most i n the Great Pl ains reg ion. 

Be ef cattle numbers 

High Silage Rations for Fed Beef 

Using a high silage ration i n f ed beef c a ttle feeding frees 9 . 4 

million acres for growing other crops in the Silage Alternative com

pared to the Base Alternative. Fewer acr es o f crop l and are required to 

produce the feed required for cattle feeding. Extensive use of silage 

for beef feeding also lowers the supply prices for the other crops in 

the Silage Alternative compared to the Base Al t ernative . 

The switch to the high silage rations for beef feeding in the 

Silage Alternative increases the concentration of the U. S. beef ca ttle 

industry in those areas possessing a comparative advantag e for beef pro

duction because of t h e higher silage production per acre. In particular, 

the beef cattle industry in the South Cen tral region expands s ubstan

tially in the Silage Alternative c ompared to the Base Alternative. 

Soil Conservation 

The Base Alternative was formulated so that no restrictions wer e 

placed on t he selection of cropping practices, regardless of their 

e f fect on soil erosion. The Soil Conserva t ion Alternative is formulated 
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so tha t soil eros i on r a t es will b e r educed to l evels allowing maintenance 

of l and produc t ivity over t ime. 

Total soil eros i on f rom agr iculture i s r educed by 59 percent in 

the Soil Conser vation Alte r nat ive compared to the Base Alterna tive. The 

r eduction in soil l os s i s ach ieved by subs ti tuting reduced t i l lage for 

convent i onal ti llage and r eplac ing str a ight row farming wi th contouring 

and t erracin g on those lands mos t sus ceptible to erosi~n. Cont i n uous 

r ow cropping declines as small grains and fo r ages are grown in r ot a t ion 

with the r ow cr ops. 

Wh en the gras s and legume hay crops are grown i n rotat ion wi t h row 

crops i n r egions like the 1orth Central and South At l ant ic t he s upply 

of r oughage for s t ock cows expands . Consequently, the concentration of 

beef cow herds i n the South Centr al and Great Plains r egi ons declines as 

beef cows shi f t t o the North Cen t ral and South Atlantic regions in t he 

Soil Conser v a tion Al t ernativ e compared t o the Base Alternative . 

Some corn and s orghum grai n production s h i fts away fr om t he Nor th 

Centra l region becaus e of t he expense of controlling soil e r os ion in 

par t s of the r egion . This interregional sh i f t of f eed gr a i ns produc t ion 

a lso causes some beef f eed i ng t o shift away f rom th e Nor th Central 

regi on to othe r r egions l ess sus cept ible to erosion in t he Soil Conser

vat ion Al ternative as compared to the Base Al t e rna t ive. 

The extra expense (e . g., contouring and t err acing) incurred by 

a gr i culture to control s oil erosion and the shifting of corn and s orghum 

production to r eg i ons of higher product ion costs (e .g. , from North 

Cen tra l to Grea t Plains) r a i s es the cos t of growing crops. 
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General results 

At normal expor t demand leve ls, the U.S. agricultural plant has 

great productivity and fl exibility. Accordingly, any of the alternat i ve s 

analyzed in this study could be attained in 1985. Too, the alter nat ives 

could be combined in manners other than the discrete s cenarios posed 

for 1985. If policy , market, and price condi tions encouraged it , the 

nation could maintain a higher level of conservation and shif t i t s beef 

industry so that more catt le are produced but marketed at a lighter 

we i ght in 1985 . Aside fr om policies or expanded exports which might 

force it, however , t his outcome is not likely to be brought about by 

market forces alone by 1985 since the nation ' s agricultural product i on 

capac ity is so large r elative to normal demand l evels. 
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APPENDIX 

The linear programming model used minmizes the total cost of 

producing the endogenous commodities in the 105 producing areas and 

of transporting these commodities among the 28 market regions. The 

model cons ists of 1,200 equat i ons and 24,000 variables. ' In mathemati

cal notation the mode l is as follows: 

Find a set of X' s such tha t 

f (x) = ex 

is minimized subject t o 

Ax < b 

X > 0 

whe r e : 

(A.l) 

(A. 2) 

(A. 3) 

x i s co l umn ve c t or of produc tion and transportation ac tivities; 

c is row vector o f unit costs for the activities; 

A is a matrix of input-output coeff icients; and 

bis column vector of r esource r estraints and demand requirements. 

Equation A.4 is the objective func tion to be minimized in the mode l: 

+ F FC + 1B IC n n r r 
+'-,~'ET TC 

t....,L., nst nst 
n s t 

(A. 4) 
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i = 1, ... ' 105 for the producing areas 
j 1, ... , 10 f or the land classes 
k = 1, ... , 330 for the rotations defined 
m = 1, 12 for the conservation a nd til lage alternatives ... , 

per rota t ions 
n = 1, ... ' 28 for the market regions 
p = 1, 4 for the endogenous livestock classes ... , 
q = 1, ... , 32 for the livestock r ations 
r 1, ... , 58 for the wat e r s upply re gions 
s = 1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 15 fo r the commodi t ies 

transported 
t 1, ... , 176 for the transpor tat ion routes defined 

where: X l· s the number of acres of rotation k with conservation-
ijkm 

tillage min producing area ion land class j; XCijkm is the cost per 

a cre of rotation k with conservation-tillage practice m i n producing 

area i on land class j; L is the number of unit s of livestock acti -
npq 

vity p receiving ration q in market region n; LC is the cost per unit 
npq 

of livestock activity p receiving ration q in market region n; w is the r 

number of acre feet of water purchased in water supply region r; WCr 

is the cost per ac r e foot of water purchased i n water s upply region r; 

F is the number of pounds of nitrogen fer t ilizer purchased in ma rket 
n 

region n; FC is the cost per pound of nitrogen f e rt i lizer purchased 
n 

in market region n; IB is the acr e feet of water transferred out of r 

region r; IC is the cost differential on a per acre foo t basis for 
r 

water in region r; T is the number of units of commodity s trans -nst 

por ted over route t f rom market region n; and TCnst is the cost per 

unit of commodity s transported over route t from market region n. 

Each producing area has restraints for land availabi l i t y by the 

f ive dry and irrigated land classes. The equations fo r the ith produc-

ing area are a s follows : 

Dryland restraint by land class 

LLXi"k AD. "k ~ DAiJ" k m J m 1J m 

i 1, ... , 105 for 
j = 1, ... , 105 for 
k = 1, ... ' 330 for 
m = 1, ... ' 12 for 

53 

the producing areas 
the land classes 
the rotations defined 
the conservation-tillage 

Irrigated land restraint by land class 

L D. 'k Ali "k ~ IA .. k m 1J m J m lJ 

i = 48, ... ' 105 for the producing areas 
j 6, ... , 10 for the l a nd classes 
k = 1, ... ' 330 fo r the rotations defined 

(A. 5) 

alternatives 

I 

(A. 6) 

m 1, ... ' 12 for the conservation-tillage alternatives 

Hay acreage restra int 

,, ~ 'X .. k W . . k 5 ~ HR . [~ ~ '-'v .. k W .. km6 ~ ~ ~ 1] m 1J m 1 ~ ~ L.,"-lJ m 1] 
J k m J k m 

+LI:I:X .. kw .. ks] . k lJ m 1J m 
J m 

(A. 7) 

i 1, ... , 28 fo r the market regions 
j = 1, ... , 10 for the land classes 
k = 1, ... , 330 for the rotation defined 
m = 1, ... , 12 for the conservation-tillage alternatives 

where: X. "km i s the level of rotation k using conservation-tillage 
1] 

method m on land c las s j in producing a rea i; AD .. km is the acres of 
l] 

dryland used per unit of rota tion k using conservation-tillage method m 

on land class j in producing area i; AI .. km is the acres of irrigated 
1] 
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land used per unit of ro ta tion k using conserva tion- t illage method m 

on land class j in pr oducing area i; DA .. is the ac r es of dryland 
l J 

avail able on land class j in pr oducing area i ; IA . . is the ac r es of 
lJ 

irrigated l and available on l and class j in producing a r ea i; HR. i s 
l 

the proport i on of all hay whic h can be l eg ume hay i n ma rke t r eg i on i ; 

and W. 'km i s the r otation we ight fo r c r op u in r o t a tion k using cons erlJ U 

vation- tillage method m on l and c l a s s j i n pr oduc ing area i . 

In produ cing areas 48-105, wa t er suppl i es a nd i rr iga tion ac t i v i ti es 

are def ined . Equation A.8 contro ls th e all oca tion of wate r t o t he 

endogenous l y de t ermined agricul tur al uses . 

LL LLX .. kmW. 'k cwu . +I: LLY LWU LW . k l J lJ mu 1u npq npq npr 
J m u n p w 

(A. 8) 
- WH WA s: ws r r r 

i = L1 8, ... ' 105 f or the producing a reas 
j 6, .. . ' 10 for the l and classe s 
k 1, .. . ' 330 for t he rota tions defined 
m = 1, . .. ' 12 for the conservation- t il l age alte rnative s 
n 1 , ... , 28 f or the market r egions 
p = 1, ... , 4 f or t he endogenous livestock types 
q = 1 , .. . , 32 for the livestock r a t ions 
r = i-47 t o give the wate r supp l y region number 
u = 1 , . . . , 15 fo r the poss i b l e irriga t ed c r ops 

wher e : X. ' km is the level of crop ro t a t ion k using conserva t ion-tillage lJ 

method m on land c l as s j i n producing area i ; W. ' km is the rotat ion 
l J U 

weight fo r crop u in ro tation k using conserva tion-t i llage method m 

on l and c lass j in pr oducing area i ; CWU . is t he acre f ee t per acre 
l ll 
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wa ter us e coeffic i en t for crop u in producing a r ea i; Y is the level 
npq 

of livestock type p consuming ration q in marke t r egion n; LWUnpq is 

t he acre fee t per un it wa t er u se coefficient for livestock t ype p con

suming ra tion q in market reg ion n ; WS is t h e per acre feet of water 
r 

avai l able for use by the endogenous agricultur al s ec t or; LW is t he 
npr 

propor t ion of livestock t ype p f r om market reg i on n in yater supply 

region r ; WH is t he level of dryland t o irriga ted pasture conversion 
r 

in wa t er s upp l y region r; and WA is the per acr e wa t er use coefficient 
r 

when conver t ing one acre of dryland pasture to irrigated pasture in 

water suppl y region r . 

Each commodity market region has a set of equations to balance 

the s upply and demand of the commodities. The equations are: 

" ,~" "X . . k W .. km CY . . k + " "Y LY L'-:Lt.., lJ mn lJ s u lJ msu LL npq npqs 
i J k m p q 

(A. 9) 
-}..:T +I)m DA .? CD nst r rs ns 

t r 

i = 1, .. . , 105 for the produc i ng areas 
j = 1, ... , 10 for the land c l asses 
k = 1, ... , 330 for the rotations 
m = 1, ... ' 12 f or the conserv_a tion- tillage pract ices 
n = 1, .. . , 28 for the market regions 
p = 1, ... , 4 for the endogenous l ives tock types 
q 1 , ... ' 32 for t he livestock rat ions 
s = 1, 2, 4, .. . , 9 , 1, ... ' 15 fo r the commodit i es balanced 

a t the market region 
u = 1, ... , 15 for the c rops 
t = 1, . . . ' 176 for the transpor tation activities defined 
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where: X is the level of crop rotation k using conservation-tillage 
ijkmn 

system m on land class j in producing area i which is included in marke t 

region n; Wijkmu is the weight of crop u in ro tat ion k using conserva 

tion-tillage system m on land class j in producing a rea i; CY .. ,_ is 1.J Kl.II SU 

the per acre produc tion of corrnnodity s from cro p u in rotation k us ing 

conservation-tillage system m on land class j in producing area i; 

Y is the level of production of livestock type p using ration q in 
npq 

market region n; LY is the per unit interaction coeff icient for 
npqs 

commodity s with livestock type p consuming ration q i n market r egion n 

(this will be positive for the livestock products and neg a tive for the 

ration components) ; CD is the exogenously determined demand for 
ns 

commodity sin market region n; T is the net export of commodity s 
nst 

over transpor ta tion route t defined in market region n; WR is the level 
r 

of dryland to irrigated pasture conversion in water region r; and DA 
rs 

is the increas e in hay yield associated with the conversion of an acre 

of dryland pasture to irrigated pasture in water supply region r. 

DA = 0 for alls # 5. rs 

The equations which are defined at the national level to balance 

commodity demand are as follows: 

t ! ! ~ \ . k W. j k CY i . k ~ CD i j km J m 1. mn J msu s 
(A . 10) 

i 1, ... ' 105 for the producing areas 
j = 1, ... ' 10 for the land classes 
k = 1, ... , 330 for the rotations defined 
m = 1, ... , 12 for the conservation-tillage alternatives 
s = 3, 14 for the connnodities cotton and sugar beets 
u 4 , 14 for the c rops co tton and suga r beets 
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h X 1.·s t he level of crop rotation k using conservation-tillage w ere: . 'km 1.J 
· on land class J' in producing area i ; W .. km i s the rotation practice m 1.J u 

weight for crop u in rotation k using conservation- tillage practice m 

on l and class J' in producing area i; CY . is the per acre production iJkmSu 

of commodity s from crop u in rotat ion k using conservation- tillage 

practice m on land class j in producing area i; and CDs , is the demand 

for corranodity sat the national level . 
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