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PREFACE 

Two major issues are causing concern about the future of the 

American agricultural sector , its interaction with the rest of the American 

economy , and the impacts on the consumer of the food and fiber products 

produced in agriculture. One of these concerns is the quality of the 

environmen t and restraints imposed on agricultur e to improve it. Agr i

culture, the major user of land and water resources, contributes to envi

ronmental conditions through sedimentation , fertilizers , pesticides , and 

animal residues. The second issue is world hunger and demand for food and 

the potential for large increases in United States grain exports to assist 

in alleviating this hunger. Both of these developments, the imposition of 

environmental restraints on agriculture and larger exports of grains, can 

cause farm commodity prices to r ise at the farm level and subsequently food 

costs to rise for domestic consumers . The World Food Conference held in Rome 

in 1974 emphasized the growing world concern fo r greater food output and 

trade in food commodities . 

-
With emergence of these two important concerns , a question arises as 

to how they interact. Is it likely that imposition of selected environmental 

controls in agriculture would reduce United States food production and its 

exports to other countries? Or, does the nation have enough agricultural 

producing capacity so that "it can have its cake and eat it too" in the 

sense that cropping systems , soil loss, and fertilizer use can be restricted 

i 
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but the nation can maintain or incr ease its expor ts? Is it possible , 

under normal weather conditions and economically efficient interregional 

allocations of water, crop production and land use , that limits on soil 

loss and fe r tilizer use could be implemented while maintaining the nation's 

food output? Before 1972 , United States agr icultur e operated under supply 

contr ols wherein farmers wer e paid to withhold l and from production . Since 

then contr ol6 have been lifted , but unfavorable weath e r has limited pro

duction in par ts of the Great Plains and Corn Belt . 

This study estimates output potential under alternative environmental 

restrictions by utilizing a large- scale interregional linear programming 

model. It provides results that give hopes for greater food output and an 

improved environment. 

Numerous people and organizations contributed to this study . Howard 

Madsen and James Wade participated in initial steps of planning ~nd model 

construction . Nancy Turner had majo r computer progr amming responsibility, 

and Vince Sposito assisted with the solution phase of the model. Kenneth 

J . Nicol made a very lar ge contribution in the development of the model, 

interpreting the r esults, and offering suggestions in writing the manuscript. 

Other persons on the staff of the Center for Agricultural and Rural Develop

ment helped in the collection and the verification of data and results. The 

organizations that provided services, data , and other help include the 

R.Ai'rn program of the National Science Foundation, which financed the study, 

and the Soil Conservation Service of the USDA , which supplied detailed data 

on ~oil loss for the many land resources groups, crops, and field technologies. 

The Authors 
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I. SUMMARY AND CONCLUSIONS 

This study is an analysis of United States agricultural producing 

and exporting capacity in 1985 under limited environmental controls on 

soil loss , fertilizer application, and variations in the flexibility of 

regional production distribution. The potential of production also is 

explored under two price regimes: one approaching the target prices under 
• 

the Agricultural Act of 1973 (21] and the other at levels that may en

courage all-out production by 1985. 

These analyses of production potentials are made in response to the 

increased concerns about the world food situation. This growing concern has 

been expressed recently by the 1974 World Food Conference. The conference, 

meeting in Rome, pointed out that in order to prevent mass st~rvation, 

long-term increases in food production are needed in the developing countries 

as well as short-term increases in food production in the developed countries . 

The United States is the most important producer and exporter of farm pro

ducts , accounting for more than half of the international trade in feed 

grains and 44 percent of the world wheat exports in 1974 (23]. 

Therefore, it is important to determine the role that the United States 

could play in the coming years in helping to alleviate world food problems 

without compromising its own goals of environmental quality and low 

food costs. The analysis does not incorporate all dimensions of U.S. 

food-producing and exporting capacity; e . g . , shifts in consumer diets 
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(except for lower meat demands resulting from higher meat prices), greater 

feed substitutions in livestock rations, and alternative utilizations of 

agricultural residues. These features are included in other studies up

coming in the Center for Agricultural and Rural Development (CARD) under 

its RANN project on U.S . food producing and export capacity. This study 

provides an initial view on the production and export capacity with special 

emphasis on the environmental impacts of these expanded outputs . The 

study addresses the issue of the mix, the level , and the production patterns 

which are compatible with agricultural production under variations in the 

relative prices for farm products, the absolute price level of these pro

ducts, fertilizer use restrictions, and regional location of production 

restrictions. 

The tool used for the study is a linear programming model which 

minimizes the total national cost of food production while maximizing the 

export of agricultural products after meeting prespecified domestic demands . 

A competitive equilibrium within the agricultural sector is estimated with 

the return to each resource (land and water) equal to its marginal value in 

d · f f d. · 1 
pro uction o arm commo 1t1es. Within the model the production allocation 

is subject to a system of linear constraints representing land and water 

availability, regional market clearing restraints, and the regional location 

of production. Activities in the model simulate crop rotations, livestock 

production, water transfer and distribution, commodity transportation, 

and net export options . 

In the following pages we summarize the three issues investigated in 

1Marginal value product of a resource is defined to be equal to the 
return for an additional unit of the resource employed in production. 
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this study. Although the issues seem somewhat unrelated, they do have 

important effects on the production and export potential of agricultural 

products. The first issue covered by the study is the determination of a 

desirable export mix as 8 function of the relative export prices. Second, 

the capacity of the U.S. fanning sector to produce and export the desirable 

mix of farm products is studied under much higher absolute price levels. 

Both issue are related to the environmental restraints expressed in terms 

of limited soil erosion and fertilizer use in agricultural production. The 

final issue investigated involves the impact of restrictions on fertilizer 

use. 

The model results show that under environmental programs in the form 

of soil loss and fertilizer-use restrictions applied nationwide, exports 

could be very large in 1985. Production could be increased by inproved 

farming practices to achieve soil and moisture conservation, a location of 

production more directly influenced by the regional comparative advantage, 

and a better and more efficient utilization of land and water resources. 

Figure l summarizes the export potential of U.S. agriculture under high 

export prices and optimum crop specialization for the seven crops; corn, 

sorghum, barley, oats, soybeans, wheat, and cotton. Despite the very large 

export of agricultural commodities during 1972-73, the results indicate a 

much larger potential for U.S. export if the adjustments of the model are 

realized. Compared with 1972-73 averages, exports of feed grains by 1985 

could increase almost 400 percent, wheat almost 180 percent, and cotton by 

nbout 230 percent. 
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The results summarized here show great U.S. agricultural capacity . In 

fact, if world demand and weather are stabilized, U. S. agriculture may be 

more concerned with large supplies and low farm prices rather than the 

inability to fulfill export markets. U.S. agriculture, in years of normal 

weather or over time with grain reserves to offset variable weather, can 

produce large quantities of food to aid in solving the world food problem . 

However, the markets or institutional means must exist to insure prices 

that reward U.S. farmers for this larger output. 

Through the period 1970-73, U.S. farm policy was oriented toward 

production control and price support programs aimed at stabilizing farm 

output and prices . Most of these programs incorporated the concept of 

support prices (target prices) based on parity. The Agricultural Act of 

1973 is the most recent attempt of the United States Congress to depart 

from the parity price concept [21]. In the first part of this study, we 

show the possibility of achieving an alternative mix of export commodities 

through the judicious selection of the appropriate target prices. 

Two alternatives are used in the first part of the study; they are 

identical in all assumptions except for export prices . Under the first 

alternative (Model 1.1), 1974-75 target prices as specified in the Agri

cultural Act of 1973 are assigned as export prices for corn, wheat, and 

cotton. For the other export crops, export prices are equal to 60 percent 

of May 1973 parity prices [18). The second alternative (Model 1.2) adjusts 

the magnitudes of these prices to provide a mix of exports more in line with 

the current export trends . The relative prices of the exported commodities 
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are changed such that corn, barley, and sorghum export prices increase 

and, at the same time, cotton and wheat export prices decrease. The export 

prices of soybeans and oats remain unchanged. 

The results of the first two alternatives show clearly that the export 

mix of U.S. agricultural products in 1985 can be readily influenced by the 

rPlative export prices. The 1974-75 target prices tend to encourage the 

export of wheat and cotton. On the other hand, the adjusted target prices 

tend to encourage feed grain exports and to suppress wheat and cotton ex

ports to levels near their 1972-73 averages. For the calendar years 1972-73 , 

the average feed grains exports were 1.3 billion bushels (6). This is close 

to the 1.4 billion bushels of feed grains available for export in 1985 

under the adjusted target prices (Model 1.2) and is well above the 0.6 billion 

bushels of feed grains that could be available in 1985 under the 1974-75 

target prices (Model 1.1). 

The different price support policies can have further implications 

on the long-run regional distribution of production and fnrm income. If 

the relative support prices in 1985 are set according to the prices speci

fied in the Agricultural Act of 1973, both cotton and wheat producers should 

have a much higher level of production and total farm income. Feed grain 

producers, however, can be expected to decrease production and receive 

less income by 1985. 

Overall land-use pntterns under both alternatives reflect the higher 

rate of domestic demnnd brought about by a 242 million U.S. population in 

1985 and the estimnted per cnpitA consumption levels as influenced by the 

• 
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commodity prices and per capita incomes. Under the 1974-75 target prices 

(Model 1.1), 324.7 million acres are utilized for production of endogenous 

crops,2 while under the adjusted target prices {}1odel 1.2), 331.5 million 

acr1 s are cultivated for the same endogenous crops in 1985. In 1973 

the same crops used 303 million acres [19]. Some of the important findings 

of land-use analysis are concerned with the increase in silage production 

to rPflecc a.more efficient ration for livestock and a larger proportion 

of legume hay acreages, encouraged by increased carry-over nitrogen asso

cj a ted with legumes. 

Domestic farm level commodity prices (measured in 1972 dollars) are 

closely related to the export prices used in each model (Table 1). Most 

prices obtained in both alternatives are lower than 1972 levels. The 

rise in prices since 1972 is a result of the increase in agricultural ex

ports impacting on a short-run inelastic supply. The prices de ermined 

by the model reflect a long-run adjustment to the determined export levels. 

The price support system was abandoned in 1972. However, good 

w~ather and expanding production could once more lead to surpluses requiring 

government support programs. Under this situation, the relative support 

prices would have an influence on the subsequent mix of the agricultural 

products as exhibited in the analysis of the 1974-75 target prices (Model 1.1) 

and adjusted target prices (Model 1.2). Policy makers aware of the way in 

which the relative support prices can effect the production and export mix 

2
rhe endogenous crops include barley, corn, corn silage, cotton, 

legume and nonlegume hay, sorghum, soybeans, sorghum silage, sugar beets, 
and "''h eo t. 
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should gear their policies to obtain the most desirable production level 

and mix. 

· Table 1 . U.S. average commodity prices 1972, under 1974-75 target 
prices (Model 1.1), and adjusted target prices (Model 1.2) 
in 1985. 

Commodity Unit Model 1 . 1 Model 1 . 2 

(dollars per unit) 

Corn (Bu.) 1.57 1 . 32 1 . 40 

Sorghum (Bu.) 2 . 45 1 . 63 1.78 

Barley (Bu . ) 1 . 21 1 . 32 1 . 28 

Oats (bu . ) . 73 .65 . 68 

Wheat (Bu . ) 1 . 76 1 . 83 1 . 82 

Soybeans (Bu.) 4.37 2 . 73 2 . 66 

Cotton (Lb.) . 27 . 38 . 32 

Pork (Cwt.) 55 . 22 40 . 61 42 . 05 

Milk (Cwt . ) 6.07 5.11 5 . 22 

Reef (Cwt . ) 58 . 77 74 . 20 74 . 00 

a Source: Statistical Reporting Service [17). 

Three alternatives are analyzed in the second part of the study. All 

alternatives specify export prices that are double the adjusted target 

prices to encourage all-out production. The alternatives assume a limited 

environmental restriction which calls for a five-ton per acre maximum soil 

loss and differ only with r espect to the restrictions placed on the regional 

I 
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location of production. Under the alternative with the most restricted 

location of production (Model 2.1), production of the specified crops in 

each region is required to be at least 80 percent, and not more than 200 

percent, of the 1969 crop acres or livestock number for corn, sorghum, 

cotton, soybeans, wheat, legume hay , beef cows, fed beef, hogs, and dairy 

cows [24). The upper limit is modified to 300 percent of the 1969 level 

for livestock numbers and legume hay acreage. Under the less restricted 

location of production alternative (Model 2.2), the 80 percent restrictions 

are reduced to 50 percent of 1969 while maintaining the above upper limits. 

Finally , the third alternative (Model 2.3) assumes no restrictions on 

production location. The above restrictions, although somewhat arbitrary, 

represent an increase in regional efficiency because of interregional shifts 

of resources and increased specialization. 

The goal of the three models (2.1 , 2.2, and 2.3), presentLd i~ the 

second part of the study, is to evaluate the impact of less than optimal 

regional location of production . 3 This phenomena is due to economic factors 

such as risk aversion , uncertainty as to future farm prices and governmental 

policies , and noneconomic factors such as the desire to live in the country. 

If the regional location of production is an important factor, effecting 

export levels and prices , then governmental farm policy should be directed 

toward guaranteed minimum prices, crop insurance, and financial means which 

encourage farmers to adopt crops and livestock enterprises more consistent 

with the optimal regional location of production. 

3
An optimal or an efficient regional location of production is defined 

to be that regional production pattern in which any shift of production from 
one region to another will lead to lower production and/or higher costs . 
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The results summarized here and presented in the text indicate that 

under high exports, a more efficient location of production is responsible 

for somewhat higher exports and lower output prices. The higher exports ob

tained, however, are mostly because of doubling the export prices, rather 

than achieving a more efficient regional location of production. Hence, 

given these high exports, a more efficient regional location of production 

can be expected to have relatively small impact when compared with the 

high export price impact. 

The great 1985 export potential of U.S. agriculture (Figure 1) has 

important implications for U.S. agriculture. Under high export prices and 

optimum regional location of production, it would be possible to increase 

feed grain exports from their 1973 level of 1.7 billion bushels [6] to as 

high as 5.5 billion bushels by 1985. At the same time, wheat exports would 

be increased from 1.4 billion bushels in 1973 to almost 2 . 0 billion bushels 

in 1985. Soybean exports could be increased to almost 1.8 billion bushels 

and cotton exports to 10.0 million bales by 1985 . These increases may seem 

large and are only realizable if the changes assumed by the study would occur. 

The above export levels, if attained, could turn the agricultural 

industry into one of tl1e most important U.S. exporting industries by 1985. 

During the 1969-71 period, only one of every 10 acres of feed grains harvested 

produced grain for export (22). By 1985, almost one of every two acres 

could produce grain for export. The proportion of wheat acreage produced 

for export could reach 74 percent by 1985, while soybean and cotton acreages 

for export could reach 63 and 55 percent, respectively. 

• 
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The above results, especially those concerned with export potential, 

can only be obtained under a very specific set of conditions . These 

conditions include the amount of resources available to agriculture (land 

and water) by 1985; higher-than-current yields obtained from improved 

utilization of rotations, fer tilizers, and farming technologies under 

average weather conditions ; improved regional location of crop and livestock 

production ;, increased utilization of hay and silage by livestock; and a 

lower- than-present per capita consumption of meat in 1985 . These conditions 

of further technological and economic improvement for U.S . agriculture 

appear feasible by 1985. 

The effect of the historic allocation of production is analyzed in 

terms of Model 2.1. Under the regional location of production mentioned 

earlier , exports will be somewhat lower than the levels obtained with the 

removal of all regional location or production restrictions . The change in 

the 1985 export levels, caused by the less efficient regional production 

pattern, includes only a slight alteration of feed grains . Wheat and soy

bean exports are lower by nearly 200 and 300 million bushels, respectively. 

Other changes, such as lower domestic commodity prices and a nationally 

less efficient use of resources , also result from the restrained production 

pattern . 

The substantial increase in agricultural exports implies long-run 

changes in the availability and use of resources in agriculture. The supply 

of the less mobile resources in agriculture, such as land and water, is 

very inelastic . Even though given enough time, land can be reclaimed and 
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additional irrigation can be developed. The supply of other resources, such 

as fertilizer, other chemicals, and capital inputs, is more elastic , both 

in the short-run and the long-run. A total of 373.6 million acres of dry 

and irrigated cropland are available for the endogenous crops in 1985 .
4 

Under the high export price alternative with no restrictions on regional 

location of production (Model 2 . 3), 363.6 million acres are cultivated, 

more than 97 percent of the available land.
5 

With high export prices at 

the level assumed for this analysis, U.S. agriculture will almost completely 

use all of the cropland available. Ninety percent of the idle land (about 

nine million acres) is on land classes characterized by lower productivity and 

susceptibility to soil erosion rates which, in most cases , exceeds the 

five-ton per acre soil erosion level allowed. In order to completely utilize 

the land resources in the United States, the highly erosive lands will need 

to be developed to control erosion or be transferred into less-intensive 

uses than specified in lhe analysis . In some cases, soil conservation 

measures not only reduce soil loss but also contribute to higher yields . 

The high degree of land utilization mentioned above is reflected in 

land rents. The national average land rent triples in value (from $31 . 59 

per acre to $108.35 per acre) as export prices double f rom the adjusted 

target prices (Model 1.2) to the high export prices (Model 2.3) in 1985 . 

This phenomenon, as the change in land prices during 1972-73 showed , is 

4The available land reflects the needs for the production of the 
other crops not included in the model ' s allocation . 

5 In 1973 the same crops accounted for only 303 . 0 million acres [19] . 

• 
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due mainly to the higher commodity prices reflected in higher return to 

r esources employed in agriculture . 

The quantity of water used responds less to the high export prices 

than does land use because most of the wate r that would be used for raising 

crops is already utilized in producing the lower exports . The higher 

commodity prices contribute to a 55 percent increase in the marginal value 

product of water (f r om $12.59 per acre-foot to $19 . 53 per acre-foot), as 
• 

more demand is put on the inelastic water supply in those regions where it 

is the limiting r esource . 

The second part of the study indicates a great potential of agricultural 

pr oduction and exports by 1985 , even with no further water development 

after 1980. The major problem facing agr iculture in 1985 will be to find 

markets for its expanded outputs . Any additional resource developm~nt, 

such as water for irrigation , will contribute to even higher pr n, 

excess capacity, and declining prices for agricultural conunoditie~--unle s 

the markets can be obtained to handle the additional quantities indicated 

at the higher prices considered . Under the higher regional return to 

water, further water supply development may be economically feasible in 

some regions . However, regional water development should be evaluated from 

the national agricultural viewpoint and also by considering its impact on 

farm income stability , regional and rural development , and the environment. 

The potentially high export levels of U.S. agricultural products 

by 1985 raise many other issues which are not covered by this study. How

ever , a high level of agricultural exports could have a noticeable effect 
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on the U.S. balance of payments. The recent deficit in the balance of 

payments has been amplified by the formation of the OPEC (Organization of 

Petroleum Exporting Countries) cartel and the sharp increase in oil orices 

during 1973-74. This deficit could be offset by a higher value of agri

cultural exports by 1985. The total net value of the seven exported crops 

in this study could reach $33.8 billion by 1985 if sold at the prices 

assumed in the study. This compares with the total value of food and fiber 

exports in the 1973 record year of $17.7 billion [6]. If, however, exports 

of agricultural commodities fail to expand much beyond 1972-73 levels, 

domestic agricultural commodity prices will fall below their 1973-74 levels .
6 

Under this situation, the government may be pressed to either support prices 

while subsequently disposing of the surplus production accumulated, or to 

control production in order to keep prices from declining. 

The last section of the study deals with the possible economic effects 

of restrictions on the use of chemical fertilizers in the United States. 

This situation may develop either because of environmental concern for 

nitrogen leaching and runoff or because of a shortage of fertilizer compounds . 

6oespite the bad year for agriculture in 1974, the average domestic 
prices of the commodities continued to fall througnout the last quarter 
of 1974. By January 15, 1975, the price of wheat was down to $4 . 11 per 
bushel from $4.87 per bushel on November 15, 1974; the price of corn was 
down to $3.07 per bushel from $3.45 per bushel on October 15, 1974; the 
price of oats was down to $1.62 per bushel from $1.70 per bushel on Novem
ber 15, 1974; the price of soybeans was down to $6.30 per bushel from 
$8.17 per bushel on October 15, 1974; and the price of cotton was down to 
$.42 per pound from $.52 per pound on October 15, 1974. Agricultural Prices, 
Dec. 15, 1974, and Jan. 15, 1975. 

I 
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The concern for fertilizer availability is further amplified by the potential 

for a larger planted acreage in response to the recent high exports bringing 

an increase in counnodity prices . 

A close relationship exists between nitrogen fertilizer and energy. 

Approximately, 40,000 cubic feet of natural gas are required to produce one 

ton of anhydrous ammonia [3], the major nitrogen fertilizer used in the 

United States and also a major ingredient component of other nitrogen ferti-
• 

lizers. Prices of all fertilizers have more than doubled since 1972, with 

nitrogen fertilizers displaying the largest increase. 

The effect of a fertilizer-use restriction is quite different when 

applied at different levels of output in the agricultural sector. Hence, 

the study deals with the economic impacts of fertilizer application re

strictions under the moderate export levels associated with the adjusted 

target price alternative and under high exports derived in the restrained 

high export price model. The procedure used involves first solving the 

unrestricted fertilizer use alternatives for the two 1985 export levels, 

and subsequently requiring each of the restricted fertilizer use alternatives 

to export the identical quantities obtained under the unrestricted fertil-

izer situation . 

Reduced nitrogen use, resulting from the fertilizer restrictions, is 

much larger under high exports than under moderate exports, as the higher 

return to nitrogen fertilizer under the higher export prices encourages its 

use. Land is substituted for fertilizer in each of the analyses developed 

in this part of the study . At the moderate export level, nitrogen use is 
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reduced more than 7 percent (1.2 billion pounds of N), and land use is up 

by 0.63 percent (2.1 million acres) as the restriction is implemented . 

However, under the high export alternative, nitrogen use declines mor e 

than 11 percent (2.7 billion pounds of N), and land use increases 0 . 9 per

cent (3.2 million acres). This leads to a marginal rate of land-for

nitrogen substitution of one acre for every 560 and 830 pounds of nitrogen 

under moderate and high exports, respectively .
7 

The land-for-nitrogen substitution results in a substantial increase 

in land rents and water values as the resulting higher commodity prices 

increase the return to these resources . The average land rent increases by 

less than 5 percent under moderate exports as the fertilizer use restrictions 

are imposed, while under the high exports the land rent increases 43 percent 

for some regional land classes. The average increase in water prices is 

quite small (less than 2 percent) under the moderate exports and almost 14 

percent under the high exports . 

The increase in commodity prices leads to an increase in food costs 

and agricultural resource returns. Under moderate exports, the per capita 

cost of food and fiber (includes only the raw endogenous connnodities) in

creases by only 1 percent ($2 . 03 per capita per year in 1972 dollar s) as 

a result of the restriction on fertilizer use . However, when maintaining 

high exports, the cost of food increases by more than 16 percent ($31 . 34 

7Marginal rate of land-for-nitrogen substitution is defined to be 
the amount of nitrogen reduction that can be obtained by using an additional 
acre of cultivated land given no change in the overall production level . 

1 
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per capita per year in 1972 dollars) as a result of the fertilizer use re

striction. These figures more than any other represent the great differences 

in the effects of the fertilizer use restriction . 

Farmers could be better off in 1985 under a restricted fertilizer 

use policy at both export levels since food demand is inelastic. Under 

moderate exports, farm income, defined as the total return to land, water, 

and labor, increases by less than 4 percent ($0.6 billion 1972 dollars), 
• 

while under the high export levels, farm income increases almost 40 percent 

($14.9 billion) as a result of the restriction on fertilizer use. The 

additional income is mostly distributed between land and water owners, 

and if these are synonymous with the farmers, then total income is increased 

by the fertilizer restrictions . 

Currently, the feasibility of fertilizer-use restrictions seems a 

remote possibility . However, a short nitrogen supply in the future may 

have the same effect . Restrictions on fertilizer use and their effects 

under different export levels can be easily imputed from the analysis 

provided in the study. In short, unless exports reach the high levels 

obtained in the study under high export prices, fertilizer restrictions, 

or nitrogen shortages in general, may have only minor effects on the capacity 

of the nation's agricultural sector and the cost of food produced by it . 



II. INTRODUCTION 

Foreign demand for U.S . agricultural products has changed drastically 

over the last four years. Although domestic demand in future years can be 

./ estimated with relatively minor error, foreign demand is highly uncertain 

at this time. It is subject not only to weather conditions in other coun

tries, but also is greatly affected by political decisions, the world 

monetary situation, population, and development programs of other countries . 

The World Food Conference 

The World Food Conference, sponsored by the United Nations and held 

in Rome in November 1974, was an expression of growing international concern 

about the critical nature of the world's food situation. Nineteen sub

stantive resolutions, plus a concluding resolution calling for followup 

action, were adopted at the conference. The conference agreed that a 

substantial increase in food production is needed in the developing countries 

and that short-term increases are needed in the developed countries to 

lessen the world's current vulnerability to crop shortfalls. One proposal 

for greater production calls for a survey of land resources to determine 

food production potential. Another resolution , named the World Soil 

Character and Land Capability Assessment, recommends that governments 

apply soil protection and conservation measures in all attempts to increase , 

agricultural production [7] . A resolution concerning fertilizer was 

passed. Among other things, it says, "All countries are requested to 

18 
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introduce fertilizer quality standards; promote the most efficient use of 

fertilizers, including utilization of nonmineral sources of plant nutrients; 

and to voluntarily reduce noncritical uses" [7]. The achievement of the 

World Food Conference cannot be fully assessed at this time because its 

impact will depend on how governments, international organizations, and 

others respond to the conference recommendations . 

• 
Recent Developments in U.S. Food 

Production and Exports 

Recently, several studies have been completed on the world food 

situation. Three important ones are: Food and Agriculture Organization's 

(FAO) recent "Assessment of the World Food Situation, Present and Future" 

[8], prepared for the World Food Conference; Iowa State University's Center 

for Agricultural and Rural Development (CARD) study, "World Food Produc

tion, Demand and Trade" [l], µublished in 1973; and finally, the Economic 

R1.:.suirch Service of the USDA has completed, "The World Food Situation and 

Prospects to 198511 [7], a summary of some of the previous studies mentioned . 

Before 1972, the world experienced two decades of expanding food 

production, even surpluses, of grains and other foods. Per capita food 

production was on the increase nearly every year in that period. Then in 

1972 the index of world per capita food production fell from 108 in 1971 

(1961-65 = 100) to 104 in 1972 [7], with the decline in production con-

ccntrated in the developing countries. 

The subsequent demand for U.S. agricultural commodities led to the 

suspension of the policies that restrained U.S. productive capacity. 
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Annual exports of U. S. feed grains more than doubled from 1970 t o 1974, 

and the United States has become the world's most important expo rter of 

feed grains (Figure 2), accounting for more than half of the international 

trade. The United States is the world ' s leading wheat exporter , accounting 

for 44 percent of the world exports in 1974 while producing only 13 percent 

of the world ' s supply [23]. Similar increases have occurred in other 

commodities, such as soybeans and cotton. 

The higher prices of the agricultural commodities accompanied by 

the higher quantities exported r esulted in more than a 300 percent increase 

in the value of U. S. agricultural exports between 1970 and 1974 (Figure 3). 

This , in turn, increased agriculture's net contribution to the balance of 

payments from less than one billion dollars in 1970 to more than eight 

billion dollars in 1973 [23] . Hence , U. S. agriculture has become not only 

the world's most important food supplier, but also food has become a major 

economic force in the nation' s international economic position . 

Objective of the Study 

This study is made as one app r aisal of the United States food-producing 

capacity over the next decade . Many world leaders and agricultural experts 

continue to believe that the growth in world food demand of the magnitude 

reflected thus far into the 1970s will put a continued and heavy pressure 

on world food supplies . The expected result, worldwide, is high prices to 

consumers and producers in all countries . Therefore, it is very important 

Lo determine the capacity of the farming sector to supplement the growing 

I 
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world demand for agricultural products . The potential capacity of U.S . 

agriculture is greatly influenced by the mix of the c r ops grown and the 

growing concern in the United States for environmental improvements . This 

study provides an estimate of the export capacity of U. S . agriculture and 

also analyzes alternative desirable export crop mixes . The analysis of 

these two issues is subject to environmental restrictions that control soil 

loss and ferti l izer nse . 

The specific objective of this study is to estimate U.S. food-producing 

and export capacity for the year 1985 by means of a specific mathematical 

programming model developed for U. S. agriculture under a NSF-RANN (National 

Science Foundation--Research Applied to National Needs) grant. The 

original purpose of the ISU-RANN model was to examine certain impacts of 

environmental and technological limitations on the producing and income 

abilities of agriculture, but this type of model also is adapted to evaluation 

of U.S. food exporting capacity under various conditions of restraints on 

resource use, environmental limits, and technology. The initial 

model included 223 agricultural producing areas, 51 water supply regions, 

and 30 market or consuming regions, with a complex set of interdependencies 

among resources, commodities , and regions reflected through an interregional 

transportation network and both national and regional markets. Although 

this larger model is still being used, an alternative model that has large

scale and detailed analytical capability but lower solution costs has also 

been developed. The model used in this study is such a "reduced model." 

Because U.S. and world food problems have become so intense, the current 
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model is used to estimate the nation's food-producing and export capacity 

in 1985 when limited environmental restrictions in terms of soil loss and 

commercial fertilizer use are applied to production . 

This model's application in measuring producing and exporting capacity 

is one step in an ongoing process of developing models related to U. S. 

agricultural resource use and producing capacity. Other studies underway 

test U.S. production capacity under different environmental restraints , 

substitutions in the rations of livestock and diets of humans , and techno

logical assumptions . 

The current model determines the supply capacity , productivity, 

income potential, food prices, regional distribution of production, and 

other economic impacts that might prevail under a selected set of envir on

mental conditions for U.S. agriculture. The main objective is to estimate 

agriculture's capacity to export food and natural fibers , subject to a 

set of minimum and maximum regional production requirements, a limited set 

of environmental restraints expressed in terms of practices that restrain 

sediment losses and limit commercial nitrogen fertilizer application , 

and predetermined levels of domestic demand for the commodities. The study 

encompasses all land, water , and other resources representing U. S . agri

culture and the majority of the commodities it produces . The basic tool 

used in the analysis is a detailed interregional, multicommodity , and 

multiresource model that measures interrelationships among all commodities , 

resources, and regions of farming . 

Answers to the following specific questions are the main thrust of 
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the model : 1. Given a ~et of environmental rest r aints and the historic 

pattern of production, how do changes in the relative prices paid to 

farmers affect the level and the mix of the U. S. farm basket available 

fo r export? 2. What are the impacts of changes in r elative farm commodity 

prices on farm income and food costs? 3 . Assuming great demand for U. S . 

farm pr oducts abroad , what could be the level of future farm exports? 

4. What are t he effects of "less-than-optimal location" of production 

patterns on the export capacity of U. S . agriculture? 5 . What are the 

impacts of high export levels, accompanied by a high price level , on farm 

income and the consumer food bill? 6 . If soil loss and fert i lizer use 

a r e restricted , what are the consequences on consumer food costs at differ ent 

expor t levels . 

The study is made in relation to the year 1985 , a date far enough 

in the future to allow adjustments in agriculture so as to approach the new 

world market situation that might exist by that time. A domestic population 

of 242 million people is assumed and combined with projected levels of 

domestic per capita consumption of agricultural goods . 

The study does not attempt to evaluate the future expor t demand for 

U.S . agricultural products . Export demand estimation for the few years 

ahead is complicated by several very large climatic , institutional , 

economic, and political uncertainties . Our analysis is an attempt to 

assess U. S . agricultural producing capacity and its ability to aid in 

meeting the international demand regardless of the means through which it 

may be distributed . In this study we only touch on the effect which higher 
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exports might have on the U.S . environment, resource conditions, and 

income distribution between farmers and consumer groups . 

Agriculture and the Envjrcnment 

Part of this study deals with productivicy under conditions of 

certain environmental controls in agriculture . Environmental quality has 

become a concern of increasing intensity to many Americans in relation to 

national growth, population distribution, developing technology , and other 

features of advanced and developed societies . In many ways , agriculture 

is well prepared to deal with these concerns of society, relative to other 

sectors of the economy. Agricultural history is engrained with a variety 

of environmental and resource conservation programs applied in past decades. 

However, concern of environmental and resource use problems for agriculture 

have intensified as exports have increased abruptly and the nation is 

putting more and more land under cultivation. Too, the high prices of 

grain under this export regime encourage increased levels of chemical 

application (wherever the chemicals are avai1able and have not increased so 

greatly in price) . 

Pollution from agriculture 

Through runoff and sedimentation , soil loss is a major source of nonpoint 

pollution through agriculture. 8 Not only does silt find its way into maier 

streams and water bodies , but also it serves as the major transportation 

8 Nonpoint pollution is pollution than cannot be traced to a specific 
geographical location. Feedlots, on the other hand, are examples of point 
pollution. 
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mechanism for some of the nitrogen compounds, phosphorus, and some 

pesticides. The levels of soil loss limits per acre , five and ten tons, 

are examined in this study as applied to all land resource groups. Some 

land resource groups now have annual per acre soil losses exceeding 150 

tons per acre. 

In the case of nitrogen, possible sources include fertilizer, 

nitrogen fixed by legumes , mineralization, barnyard manure, plant residues 
• 

(roots and trash), and rainfall . Nitrogen is removed from the land through 

harvested crops, erosion, leaching of soil and fertilizer nitrogen, and 

denitrification . Since nitrogen pollution can be derived from any of these 

sources, it is difficult if not impossible to determine the relative impor

tance of each [16]. The problem is further complicated when nitrogen in 

streams, wells , and lakes may also come from such additional sources as 

feedlots and municipal waste treatment plants [14). In other words , iL is 

difficult to determine the relative importance of each source of nitrogen 

in the water . 

Fertilizer use 

The use of all fertilizer has increased by nearly 400 percent over 

the past two decades (Table 2). More importantly, the amount of nitrogen 

fertilizer has increased nearly sixfold [4]. Regionally, the Corn Belt , 

with large acreages of row crops, has shown a dramatic increase in the 

amount of nitrogen fertilizer applied consistent with the high return to 

nitrogen in the production of corn. 



Table 2. Summary of nitrogen fertilizer use in the 10 farm production regions and for the United States, 
1949-1973 . 

Period 

1949-54 
Average 

1955-59 
Average 

1960-64 
Average 

1965-69 
Average 

1970 

1971 

1972 

a 
1973 

North- Lake 
east States 

111 49 

147 113 

183 183 

249 381 

271 538 

296 698 

273 65 7 

317 680 

Corn 
Belt 

222 

398 

815 

1 , 759 

2 , 125 

2, 307 

2, 124 

2 , 085 

Nor thern 
Plains 

so 

135 

344 

738 

1 , 093 

1 , 078 

1,179 

1 ,319 

Appa
lachian 

(000 tons) 

205 

244 

304 

417 

478 

507 

491 

529 

Source : Economic Research Service f4 :Sl . 
a 
Prel i minary . 

South- Delta 
east States 

267 182 

341 227 

434 265 

576 317 

674 369 

685 404 

723 47 7 

750 443 

Southern 
Plains 

57 

124 

302 

588 

839 

840 

896 

922 

Mountain 

47 

94 

161 

283 

375 

383 

406 

465 

Pacific 

184 

314 

434 

587 

646 

672 

738 

779 

United States 

All plant 
Nitrogen nutrients 

1,430 3,635 

2,197 4,848 

3,484 6 , 712 

5,948 10,652 

7 ,459 12,805 

7,925 13,480 

7,995 17,170 

8,319 17,780 

N 
CX> 
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Not only has more land been fertilized over the last two decades, but 

also the quantity of fertilizer applied per acre has been increasing . The 

average acre of corn for grain fertilized in 1947 received 10 pounds of 

nitrogen, 23 pounds of phosphorus, and l2 pounds of potassium. However, 

by 1969 each fertilized acre of corn for grain received 109 pounds of nitro

gen, 52 pounds of phosphorus, and 62 pounds of potassium. Other crops also 

have been receiving increasing amounts of fertilizer, but rates of applica-
• 

tion have been considerably less than for corn [4]. 

This study deals with restrictions on the use of fertilizers in 

agriculture. Major emphasis is directed toward the impact on commodity 

prices if fixed levels of exports are to be maintained . 

Models Evaluated and Their Assumptions 

The producing and export capacity of U.S . agriculture in relation to 

pricing policy, response flexibilities, and the environment is evaluated 

under seven different model alternatives (Table 3) . The seven models are 

divided into three sets. The details of the models will be explained in 

later sections of the report, and initial complexities that the reader may 

encounter in interpreting Table 3 will then disappear . 

Set one contains two alternatives (Models 1 . 1 and 1 . 2). The analysis 

of these alternatives is aimed toward evaluating the impacts of a change 

in the relative prices of the agricultural commodities exported. Model 

1.1 assumes that farmers receive the government ' s 1974-75 target prices 

specified in the 1973 Agricultural Act [21] for their grains. Model 1 . 2 

SJAI L 
Histoncal Bun 

Mil MOINES. toWA 50319 



Table 3. Summary of model alternatives included in the study and their main assumptionsf:l 

Set One Model 1.1 

Model 1.2 

Set Two Model 2.1 

Model 2 . 2 

Model 2. 3 

Set Three Model 3.1 

Model 3.2 

a 

Export 
prices 

1974-75 
target prices 

b Crop location 
restrictions 

max min 
( percent) 

200 80 

adjusted 200 80 
target prices 

high export 
prices 

high export 
prices 

high export 

prices 

200 

200 

none 

adjusted 200 
target prices 

high export 
prices 

200 

80 

so 

none 

80 

80 

Livestock.2lo-
cation re-

. . b str1.ct1.ons 
max min 

(percent) 

300 80 

300 80 

300 80 

300 so 

none none 

300 80 

300 80 

Soil 
loss 
limit 

ton/acre 

10 

10 

5 

5 

5 

10 

5 

Export 

none 

none 

cornc 
<·ot ton 

C 
corn 

cotton 

C 
corn 

cotton 

Fertilizer 
use re-
strict ions 

none 

none 

none 

none 

none 

d 
Model 1.2 110 lb 

level 55 lb 

d 
Model 2 . 1 110 lb 

level 55 lb 

All alternatives use a 1985 time horizon and 242 million as the expected population . 

bCrop location restriction is in terms of percent of 1969 crop acreage or livestock unit produced . 

cCor n is r estricted to a maximum export of 3 . 5 billion bushels per year. Cotton is restricted to 
a maximum of 10 million bales per year. 

dNitrogen application is restricted to 110 lb. N per acre for corn and sorghum and 55 lb . N per 
acre for barley, oats, wheat; cotton is restricted to 80 lb. N per acre. 

w 
0 
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is a variation on the price assumption of Model 1 . 1 . In this model the 

government's 1974-75 target prices are adjusted in such a way that the 

overall export level is not affected . However , the mix of products being 

exported is changed to be more in line with historic patterns. The 

combination of the results of these two alternatives is used to evaluate 

the impacts of changes in the relative prices and also to indicate how 

relative pricas can be used as a tool by the policy maker wishing to 

control the output mix . 

Set two contains three alternatives (Models 2 . 1 , 2 . 2, and 2.3). The 

analysis of this set is aimed toward evaluating U.S. agricultural export 

capacity under varying rates of production location adjustment. In all 

three models the prices assigned to the export activities are double the 

adjusted target price level used in Model 1.2 . The alternatives of set 

two simulate the aggregate farm response to a much higher commodity price 

level than Model 1.2. The varying degree of location adjustment is defined 

in terms of the minimum and maximum number of acres or number of livestock 

units produced in each of the market regions. The first alternative in 

set two (Model 2 . 1) assumes a similar interregional adjustment as the 

alternatives in set one. The second alternative (Model 2.2) allows a 

greater rate of interregional adjustment, and the third alternative (Model 

2 . 3) allows for complete adjustment of the regional production pattern 

consistent with the higher commodity price . In the alternatives of set 

two , an envir onmental restraint is expressed in terms of a soil loss 

restr iction at a maximum of five tons per acre per year . 



32 

The third analysis contains two alternatives (Models 3.1 and 3.2). 

Set three is aimed toward analyzing the effect of fertilizer use restric

tion , either in response to an energy shortage or environmental concern . 

Instead of trying to measure the export capacity under a restricted fer

tilizer situation, the alternatives assume exports are maintained at the 

levels obtained in the analysis of the respective base alternatives in 

sets one and two. 

Model 3.1 assumes exports fixed at the level obtained in the analysis 

of the adjusted target prices (Model 1.2) and provides a benchmark for 

comparison of the effects of fertilizer limitations on land and water use, 

farm income, and food prices under moderate export levels. 

Similarly, Model 3.2 assumes exports fixed at the level obtained 

under the higher export price alternative (Model 2.1) and provides an 

indication of the effect of fertilizer restrictions under a situation of 

"full capacity." The comparison of the two models in set three allows 

for some discussion as to the different effect of the fertilizer restric

tion under different levels of production and export. 

Other assumptions could also be examined. However. the seven 

alternatives described in this study provide impor~ant insights into 

questions of U. S. agricultural export capacity in relation to environmental 

impacts. 

• 
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III . BASIC MODEL DESCRIPTION 

Many of the model's parameters used in the study are derived from 

previous ISU-RANN and CARD studies [9, 13). Explanation of these para

meters is in A l-!._odel for Regional Agricultural Analysis [12]. 

The linear programming model used in the study minimizes the cost 

of food production and transportation . At the same time it maximizes 

the export of.agricultural products after meeting prespecified domestic 

demands. The model assumes a long-run competitive equilibrium wherein 

returns to resources are equal to their marginal value in production . 

The constraints of the model correspond to the land and water supplies by 

region, production requirements by location, the nature of production, 

and a market sector constraint which equate supply and demand for the 

endogenous commodities. There are 1,564 restraints (rows) in the model 

and 9,795 activities (columns) that simulate crop rotations, livestock 

production, water transfer and distribution, commodity transportation, and 

net export activities. 

Endogenous crop variables are corn grain , sorghum grain, corn silage, 

sorghum silage, wheat, soybeans, cotton, sugar beets, oats , barley, legume 

hay, and nonlegume hay. The production of the other crops (fruits, vege

tables, tobacco, potatoes, rice, peanuts, buckwheat, etc.) are determined 

exogenously. Endogenous livestock activities include beef cows, beef 

~ feeding, dairy cows , and hogs. Turkeys, broilers, eggs, sheep and lambs, 
J 

and other livestock are exogenously determined . 

33 
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Regional Delineation 

The three sets of regions used in the basic rndoel are producing , 

consuming (market), and water supply regions. The consuming and water 

supply regions are defined from a compatible subset of the producing 

areas and reflect the interregional nature of the analysis . For reporting 

purposes only, another set of regions is defined by aggregating adjacent 

consuming regions into the seven major zones: North Atlantic , South 

Atlantic, North Central, South Central, Great Plains , Southwest, and 

Northwest . 

The producing areas (Figure 4) are based on county approximations 

of the Water Resource Council ' s 206 subareas [26]. Each of the 90 pr o

ducing areas in the study consists of a set of contiguous counties and 

forms a watershed with a common tributary and in which the agricultural 

crop activities are defined. 

The 29 market regions are an aggregation of contiguous producing 

areas (Figure 5). In addition, the livestock , nitrogen buying, and export 

activities are defined in these regions . The consuming regions , besides 

representing market centers, provide the basic network for corranodity 

transportation . 

Thirty-five water supply regions are defined in the western half of 

the United States (Figure 6). These regions consist of contiguous counties 

in which a dependable water supply can be said to exist . They wer e obtained 

by aggregation of water supply regions defined by the Water Resources Council 

[26]. 
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Figure 4 . 

" 

Figure 5 . 
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The 90 producing areas . 

II 

" 

The 29 market regions. 
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Seven major zones are utilized to facilitate reporting of the results 

(Figure 7). These zones consist of aggregations of adjacent market regions. 

All results reported in the above regions are weighted averages of the 

market regions' results. 

The Objective Function 

The objective function minimizes the cost of production (labor, 

machinery, pesticides, fertilizer, water, and feed) and the cost of trans

porting agricultural raw products from location of production to the market 

region. In addition, for export maximization, a given negative price is 

assigned to each export activity. The model will increase the export activity 

until the cost of producing and transporting another unit of commodity for 

export becomes greater than the price (cost) of the export activity for that 

commodity. 

The objective function is subject to given domestic demand, resource 

availability, minimum and maximum production levels in a given area , 

environmental goals, and the technology assumed to exist in 1985. It is 

of the form: 

minimize OBJ = r r r RCijkXijk + r r LC y + r PN NB 
i j k mn mn m m m n m 

+ r WC WB + r r r lC 1' + r WTC WT - r r r mps mps r r r m p s r q 

i Q 1, ... ,90 for the 90 producing areas , 
j c 1, ... , 9 for the 9 possible soil groups in producing 

area i, 
k = 1, ... , t for the t possible crop rotations defined in 

producing a rea ion soil group j, 

EP EX 
q q 

(1) 

• 

.... 
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Figure 6 . The 35 water supply regions . 
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m - 1, ... ,29 for the 29 market r egions , 
n - 1, ... , 4 for the 4 possible livestock activities 

in market region m, 
p - 1, ... ,11 for the 11 commodities transported, 
q - 1, ... , 7 for the 7 export commodities, 
r - 1, ... , 35 for the 35 water supply regions, 
s - 1, ... , t for the t possible transportation activities 

defined for commodity pin market region m. 

RC .. k is the cost in dollars per acre for crop activity k on soil 
1J 

group j in producing area i; 

X .. k is the level of c rop activity k on land group Jin producing 
1J 

area i· ' 

LCmn is the cost per unit of livestock activity n in market region m; 

Y is the level of livestock activity n in market region m; 
mn 

PN is the price of nitrogen fertilizer in dollars per pound in 
m 

market region m; 

NB is the level of the nitrogen-buy activity in market region m; m 

WC is the price of water in dollars per acre-foot in water supply r 

region r; 

WBr is the level of the water-buy activity in water supply region r; 

WTC is the cost per acre-foot of water transferred from water supply r 

region r; 

WT is the level of water transfer through natural flow, exports, r 

or interbasin transfers from water supply region r; 

TC is the cos t per unit of transporting commodity p from region mps 

m through transport activity s; 

EP is the given export price per unit of commodity q; and q 

EX is the national export level of commodity q. q 
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Restraints 

Restraints in the model are defined at either the producing area, 

consuming area, water supply region, or national level. The restraints 

control the availability of the resources land, water , fertilizer, and 

livestock feed; commodity production and utilization for domestic and 

export; regional location of production in terms of 1969 crop acreage ar,d 

livestock units; and the attainment of environmental goals represented 

by restrictions on soil loss or fertilizer application . 

Restraints at the producing area level 

The only restraint defined at the producing level is the availability 

of dryland and irrigated cropland. For each producing area, the availability 

of cropland is defined by land group for dry and irrigated alternatives. 

There is a maximum of 18 land groups for a given producing area--9 for 

dryland alternatives and 9 for irrigated alternatives. 

In the East, only dryland (rainfed) crop rotation activities are 

defined, and hence, only dryland restraints are defined. In the 17 western 

states , restraints for the use of both dryland and irrigated cropland are 

defined. Crop rotation activities are defined in the model to allow both 

irrigated and dryland crop rotations on irrigated land. Irrigated crop 

rotations , however, are defined only on irrigated land. The derivation 

of the activities by land group and producing area are explained in Nicol 

and Heady (12). 
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Restraints at the market region level 

Restraints are defined at the market region level to regulate commodity 

market transactions, regional location of production, and the balance in 

the nitrogen fertilizer sector. 

Commodity transfer restraints. The commodity transfer restraints 

simulate a market place for the coannodities [12]. These commodities 

include corn grain, sorghum grain, barley, oats, wheat, oilmeals, non

legume hay, silage, feeders, fed and nonfed beef, pork, and dairy products. 

The producing areas within the market regions interact directly with the 

coannodity transfer restraints to satisfy the commodity domestic demands and 

commodity export demands. The commodity transfer restraints in each market 

region are linked to the adjacent market regions by the commodity trans

portation activities of the model. 

Regional restraints on the location of production. A set of 

constraints is defined at the market region level to provide for minimum 

and maximum levels of crop and livestock production within the region. 

These restraints are incorporated to approximate the immobility of pro

duction resulting from farmer preferences. inflexibility of nonendogenous 

resources, and the time horizon. In addition, these production restraints 

could be used to simulate farmers' risk aversion as the model assumed 

complete certainty on both demands and supplies. These minimum and maxi

mum levels are calculated as a multiple of the 1969 level of the crop 

acreage or livestock production reported i11 tl1e 1969 Census of Agricultur e 

(24]. These restraints are defined for: corn (grain and silage combined) , 
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sorghum (grain and silage combined), cotton , soybeans , wheat, legume hay, 

beef cows , fed beef , l1ogs, and dairy. For a given crop or livestock 

commodity , m, these restraints have the general form : 

where: 

L. im 
< 

i 
j 
k 
m 

E E X .. kW"k 
ke:i j J.J J m 

- 1, ... ,29 for 
- 1, ... , 10 for 
- 1 , ... ' t for 
- 1 ' ... , t for 

< u. im 

the market 
the crop or 

regions, 
livestock 

the t producing areas 
activity, 
in market 

the t restrained commodities in 

(2) 

region i' and 
activity j . 

L. is the minimum number of acres or livestock units of commodity 
im 

m required in market region i; 

X. "k is the level of activity j producing commodity min producing 
l.J 

area k ; 

wjkm is the acreage proportion of commodity m in activity j in pro-

ducing area k (for livestock w. 
J 

- l) ; 

U. is the maximum number of acres or livestock units of commodity 
im 

m which can be produced in market region i. 

For crops, both irrigated and dryland activities can be used to 

satisfy the production restraints. 

Nitrogen fertilizer transfer restraints. Another restraint is 

defined at the market region level to act as a market place for the supply 

and demand of nitrogen fertilizer. Nitrogen is obtained as a by-product 

of livestock activities, from commercially produced fertilizer, and from 

the fixation process of the legume crops . Nitrogen is used by the 

endogenous crop rotation activities, in addition to the given amount 

allocated for exogenous crops (12). 
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Restraints t the wot r sup_elv region level 

One restraint is d fined in each water supply r gion. This restraint 

balances th dependnble wntcr upply in the r gion. Including interbasin 

transfer • natural flows and runoff, and the many water uses. lat r 

consum d onsite. water us d by xog nou crops and livestock, municipal 

nnd industrial uses of wat r, nnd ~ater exports or pr deter.mined exo

gcnou ly to tl1e model. By forcing upply to be greater than or equal to 

the sum of oll endogenous and the nbovc exogenous demand , an adequate 

water balance i obtained [12]. 

Rest:r at th nntionol lev ls 

Restraints ar d fined nt tl1c notional l vel for cotton and sugar 

bet . The nctivitie in nch producing area ar cop ble of suppl~ing these 

commoditi s directly into notional market restr ints. In other words, 

no tran portation network is defined for thes commodities (12). 

Environm ntal r stroints 

Envlronm ntnl r,o ls or dcfin~d n a maximum nllo~ance of soil loss 

per ncrc and in thL' nitrog n restriction models for maximum allowable 

nitrogen to b opplied per ncrl'. The soil loss limit is applied unifonnly 

ocros all producing or as ot either fiv or ten tons mnximum soil loss 

p~r acr d p nding on tl1 olternotiv consid rd. Tl1, nitrogen application 

limits nlso arP opplf d unifo1nly ncross all producing areas, but they vnry 

from crop to crop. The cnvironm ntol restraints nrc incorpornted by d~ffning 

a Bf•t of crop rotntions such th teach nctivity mc>ets th~ sp,•cifit"d limit . 
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Thus, fnr example, whill s,,il t•tos1011 V,llits l>vlWl't'll (1 .111d 1(1 l"n..., pt•r 1< r,· 

per yp,1r, only tht• crnp r0t<1tions w1lli ,1n t•rosin11 lt•v,•1 hcl1•\~ lltt• m.ix1m11m 

of five tons per acre will be includt>d in the livt' ton soil loss ,1ltt•rn,Hivc>s. 

Activities 

Activities serve as a mechanism whereby product ion ,ll tPrn.it ivt•~ c1nd 

commodity utilization and transfer systems arc incorporated into lht muJpl. 

Basically, there are four classes of activities in the model: l) produc-

tion activities, including crops and livestock; 2) tr,1n~fer .ict ivities, 
• 

including transportation of commodities between regions and transfer of 

commodities from one use to another; 3) resource supply .ictivities, in

cluding water supplies and nitrogen buying; and 4) demand ,1ctivities, 

including commodity exports . 

Cr op production activities 

The crop production variables or activities simulate the production 

of barley , corn grain, corn silage, cotton, legumt' .ind nonlegume hay, oats, 

sorghum grain, sorghum silage, soybeans, sugar beets, and wheat in rotation; 

they vary from the model in [12) as aggregated to the smaller number of 

regions and the yields ,'lnd costs to 1985. The differenlldtion ol wheat 

production is assumed to be compensated for hy thl' rPgionc1l production 

restraints, and thus only one class of whPat is definetl. Yields are 

calculated based on tl1e price of the agricultural commudirie~ .ind inpLits 

during the 1972-73 crop year and the higher commodity ind ft.>rtilizcr pricf's, 

with tht"' price of fertiliz .. •r rising relatively morL• lhdn commodity pri<t•s, 

resulting in a lower optimum fL•rtilizer l(•vl'l ,ind lowt•r yit•ld~ thc111 u~ing 

prices at the levels in {12]. 
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Livestock production activities 

The livestock variables or activities simulate the production of meat 

and dairy products. The activities transform the grains and roughages 

to satisfy the exogenously determined demands for the livestock products. 

As in the case of crop activities , the market region livestock activities 

in this model are aggregations of the livestock activities in [12] . 

Transfer activities 

Commodity transportation activities are defined for all major c r ops . 

These activities move the commodities between adjacent consuming regions 

and over some long-haul routes [12) . Meat transfer activities allow fed 

beef to be used as part of the supply requirements to meet the nonfed beef 

demand, thus allowing for a high quality product (fed beef) to satisfy 

lower quality uses . 

Resource supply activities 

Water activities have three components: downstream flows , interbasin 

flows, and water-buy activities . The downstream flows are bounded to a 

maximum of 75 percent of the available water upstream. The interbasin flows 

are bounded to a maximum of the water transfer system ' s capacity . Water

buying activities are bounded by the maximum available water supply in each 

water supply region as defined for the model in [12]. Nitrogen-buying 

activities are not restrained and are defined in each of the market regions 

with the purchase price reflecting historic regional differences in fertil-

izer prices. 

• 
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Commodity export activities 

Export activities are defined to control exports of corn grain, 

sorghum grain, barley , oats , wheat, oilmeals, and cotton . While being 

defined as national activities , the total amount exported of each of the 

above corrnnodities (except for cotton) is distributed among the market 

regions in proportion to the 1969-71 average exports of the commodities 

by regions . The activities are unbounded except for upper bounds on the 

export of corn grain (3 . 5 billion bushels) and cotton (10 million bales) 

for some of the alter natives analyzed. 

Resour ces and Exogenous Demands Vector 

The acreage available by land class in each of the 90 producing 

regions was determined from the Soil Conservation Service [2]. An adjust

ment was made for projected changes in exogenous land uses and irrigation 

developments in 1984 (Table 4). 

Table 4. U. S. total land base acreage in 1985. 

Item 

Dr y cropland 
Irrigated cropland 
Total cropland in the model 

Nonrotation hay and pasture 
dryland 

Nonrotation hay and pasture 
irrigated 

Total nonrotation hay and 
pasture 

Exogenous crops 
Total cultivated land 

(1,000 acres) 

344,172 
29 ,437 

373,609 

635,491 

9,504 

644,995 
9 369 

1,027,972 
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Final commodity regional demands have the population level , per 

capita demand, and net import level as their major components. They are 

based on a total 1985 population of 242 million in the conterminous 

United States. The population is distributed according to the projected 

1985 OBERS level D regional distribution [25] . Two levels of per capita 

demand a r e being used in the model (Table 5) , using similar derivation 

methods as the models in [12] . 

Table 5. Projected national per capita commodity demands in 1985 . 

Commodity Unit Consumption at Consumption at 
low prices high pri ces 

Corn bushels i . 2010 1.2010 
Sorghum bushels .0486 .0486 
Barley bushels .5796 . 5796 
Oats bushels .2187 .2187 
Wheat bushel s 2.5838 2.5838 
Oilmeal cwt . - .0873a - . 0873a 
Cotton fib ers pounds 16.0 16.0 
Sugar beets tons . l<H:: 9 • ] ('P.9 

Fed beef lbs . of carcass weight 99 . 0 74 . 7 
Nonfed beef lbs. of carcass weight 44 . 6 33.7 
Pork lbs . of carcass weight 66 . 7 65.43 
Dairy products cwt. of milk equivalent 4.83 4 . 83 
Broilersb lbs . of ready-to-cook meat 41 . 1 40.56 
Turkeysb lbs . of ready-to-cook meat 8 . 6 7 . 019 
Lamb & muttonb lbs . of carcass weight 3.1 1.19 
Eggsb eggs 250 . 0 250.0 

aNegative oilmeal consumption reflects an adjustment for the high 
protein grain by-products provided from the milling of the per cap i ta 
equivalent of the other grains. 

b Exogenous commodities. 

I 
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Determination of the soil loss levels 

Gr oss soil loss as calculated represents the average annual tons of 

soil leaving the field . This measurement of soil loss does not represent 

the amount reaching the stream or bodies of water , as some of the soil 

particles settle out or are diverted as the runoff passes through grassed 

areas or onto flatter terrain, thereby changing the water ' s capacity to 

t ranspor t soil particles. Two separate procedures were used to determine 

the gross soil loss per acre. For the areas east of the Rocky Mountains, 

the " Universa l £oil Loss Equation" as described by Wischmeier and Smith (27) 

and a release from the Soil Conservation Service (15) are used to develop 

the gross soil loss coefficients . 9 

For those agricultural lands in the mountain valleys and on the West 

Coast, the data required for the soil loss equation have not been completely 

developed, and estimates of soil loss for given rotations were determined 

in conjunction with the SCS questionnaire circulated (12). 

Development of the crop yield coefficients 

A unique yield is determined for each of the irrigated and dryland 

crops as a function of the producing area, soil class, crop rotation, 

conservation practice, and tillage method. The development of the yields 

began with a series of state production functions capable of projecting 

yields to the future. The state projection functions are modifications 

of the Spillman functions developed by Stoecker (20) . For each crop the 

function is of the form: 

9
rhe data for this equation are developed from tables given by Wischmeier 

and Smith (27) and from the regional data given for the soil classes by the 
Soil Conservation Service of the USDA [12). 
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- Y (t) + A (1 - .8X(t))*PF(t) 
0 

the estimated average per acre yield 

(3) 

of the c rop in year t; 

y (t) is the estimated average per acre yield on unfertilized land 
0 

in year t, developed from a linear trend function; 

A is the maximum yield response obtainable from fertilization ; 

X(t) is the number of units of fertilizer applied to each acre of 

the crop in year t; 

PF(t) is the proportion of the acreage of the crop receiving fertilizer 

in year t, developed from a linear trend of the proportion of 

the crop acres receiving fertilizer ; and 

tis years after 1949 . 

The X(t) defined above r epresents : 

where: 

X(t) - PO(t) * (ln (Px/Pc) - ln A - (ln (-ln . 8)))/ln . 8 (4) 

ln is the natural log of base e ; 

Px is the weighted price of a unit of fertilizer; 

Pc is the price of a unit of crop c ; 

PO(t) is the proportion of the optimum rate of fertilizer applied 

in year (t), developed from a linear trend of the proportion 

of the optimum rates applied . 

The above equation represents an estimate of the optimum application of 

fertilizer obtained by solving the marginal conditions of a profit maxi

mization system adjusted for the proportion of optimality which farmer s 

are projected to be using . 
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The producing area yield is calculated for each crop based on the 

above functions , relationships between the states and the producing areas, 

and the projected levels of fertilizer use . If the rotation in which any 

c r op is defined includes a legume crop , the carry-over nitrogen from these 

sour ces is accounted for in predicting the yields. In many instances the 

legumes, especially alfalfa hay , produced more fertilizer-equivalen 

nitrogen than would have been applied commercially. When this occurred, 

the fertilizer-equivalent nit r ogen from the legume is used in the yield 

equation, giving a larger yield than under optimum fertilizer applications . 

Fertilizer-use coefficients for the crops 

The fe rtilizer-use coefficients developed from the functions (3) 

and (4) are independent of the land class, conservation practice, or 

tillage method . They provide the basis for determining the level of nitrogen 

supplementation required. The level of commercial fertilization required 

to meet the projected yields is determined by taking the optimum level of 

fertilizer use as determined above and subtracting the amount provided by 

the legume hay and soybeans, if any, in the rotation (12) . 

The sources of nitrogen are determined endogenously in the nitrogen 

sector of the model. The nitrogen can be obtained from purchase o f comml•r c i a l 

nitrogen fertilizer, legume crops, or through the use of livestock wastes. 

Nonnitrogen fertilizer required to satisfy the calculated optimum appli

cation rate is purchased and the costs are included with tl1c production costs 

to give the exogenous variable costs of production for the crop management 

system. 
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A schematic description of the procedures used to develop the yield 

coefficients and of the adjustment for the nitrogen restrictions is pre

sented in Figure 8 . The yield adjustment when nitrogen restrictions are 

considered is based on a comparison between the amount of nitrogen to be 

applied to the given crop in a given producing area and the given 

national limit on the per acre application of nitrogen for the given crop . 

If the amount of nitrogen to be applied is less than or equal to the specified 

limit , then no adjustment is made . However, if the amount to be applied 

(on a per acre basis) is gr eater than the given limit for the crop , a 

fertilizer-application ratio reflecting the proportion of the nitrogen to 

be applied is calculat ed , and the fertilizer level adjusted by this ratio 

and a new yield are determined . In addition to the yield adjustment , the 

new level of nitrogen application is set equal to the nitrogen limit , and 

the cost of the nonnitrogen fertilizer is adjusted down by multiplying the 

nonnitrogen fertilizer cost by the fertilizer-application ratio (this 

assumes phosphorus and potassium are reduced proportionately to nitrogen, 

Figure 8). 

The following sections outline three different applications of the model . 

The first set , including two alternatives , outlines how different relative 

commodity prices influence the level of export of each of the commodities . 

The next set, including three alternatives, analyzes the export capacity of 

American agriculture under a set of higher commodity prices and three alter

native levels of adjustment in regional location of production. The final 

set, including two alternatives , evaluates the possible impacts of an 
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STATE SPILLMAN 
FU:--ICT IONS 

WEIGHT STATE 
FUNCTIONS TO 
PA FU'lCTIONS 

PROJECTION YEAR PA SPILLMAN ROTATION CROPS IN 
COMMODITY, FUNCTIONS FILE LEGUME 

FERTILIZER PRICES ROTATIONS 
I I I 

I 
MAIN YIELD 
GENERATOR 

I 

' 
PA-ROTATION- OPT !MUM FERTILIZER. 
CROP YIELD NITROGEN COST ADJUST, 

USE COEF. COEF. 
I 

l 
ADJUST YIELD FOR 

LAND GROUP, CONSERVATION 
AND FARl'-1 PRACTICES 
CALC. NONNITROGEN 

FERT . COST 
I 

l 
I 

ACTUAL COST ACTUAL YIELD 
NONNITROGE N COfF, 
FERTIL I ZER 

I 

I 
ACTUAL 

NITROGEN 
PURCHASED 

ABBREVIATIONS 
PA 
COEF . 

Producin g Ar ea 
nt Coe f f 1c1e 

COMPARE CALC . Cal cu lat ACTUAL N ~ N L IM IT FERT . Fertil IZ 
e 
er ACTUAL N N Nitrogen WI TH N MPSX Ma themat , 

LI MIT Programm 1 

ca l 
ng Sys t em 

AC TUAL N>N LIMIT 

GE NERA TE MPSX CALC . REDU:ED YIELD 
MAT RI X COEF . ACTUAL N-N LIMIT 

REDUCED COST NON-
NITROGEN FERT . 

Figure 8. Flow char t for yield deve lopments and yie ld adjustments . 
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environmPntal restriction--namely , limitations on the level of nitrogen 

fertilizer application , on the farm supply cost of food, and the resource 

utilization to maintain the given expo r t level. 

• 



\ 

I 

IV. EXPORT RESPONSE TO RELATIVE 
COMMODITY PRICES 

This section summarizes the responsiveness and output capabilities 

of t he agricultural sector to alternative sets of relative export prices. 

The initial solution of the model reflects agricultural production pnt

terns unde r 1974-75 t arget prices [21] . This set of prices (Table 6) i~ 

assumed to be the int~rnational demand price on a completely elastic 

demand function for each of the commodities , allowing the model to estimate 

expo r t levels with no impact of quantity exported on price . 

Table 6 . U. S . ave rage 1973 commodity prices, expor t prices under 
1974-75 target price alternative (}~del 1 . 1) , and adjusted 
ta r get pr ice al t ernative (Model 1 . 2) in 1985. 

Commod i t y Unit 

------------
b Model 1 . 1 Model 1 . 2 

- ----------------------------------------
Wheat 

Corn 

Co tton 

Barley 

Sorghum 

Oats 

Soybeans 

bushe l 

bushel 

pound 

bushel 

bushe l 

bushel 

bushel 

$4 . 00 

2 . 38 

. 45 

2 . 13 

3 . 80 

1 . 16 

5 . 57 

$2 . 05 

1 . 38 

.38 

1 . 1 3 

1.36 

. 65 

2.79 

$2.00 

1 . 50 

. 28 

1 . 40 

1 . 70 

. 65 

2 . 79 
-----------------------------------------

a 
Source : Sta t i stical Reporting Se r vice [17) . 

bWheat, corn, and co tton prices a r e f r om 1973 Agr ic ultu ral Act [21 ] ; 
barley , sor ghum, oa t s , and soybean prices set to 60 percent o f May 1973 
parity prices (18]. 
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The second alternative in this set adjusts the above prices to 

encourage a mix of exports near the levels of present exports . Corn, 

barley, and sorghum prices are increased, cotton and wheat prices are 

reduced slightly, while oats and soybean prices remain unchanged (Table 6). 

For both solutions a uniform 10-ton maximum per acre soil loss is allowed. 

Regional production restrictions are set at a lower limit of 80 percent 

of 1969 and an upper limit of 200 percent of the 1969 acres for all crops 

except legume hay. Livestock numbers and legume hay acreage restrictions 

are set at a lower limit of 80 percent and an upper limit of 300 percent 

of their 1969 levels. The larger upper limit on livestock allows for 

more production flexibility reflecting increased per capita demand and 

population level by 1985 . 

AgricJltural Production Under 1974-75 
Government Target Prices (Model 1 . 1) 

This section outlines the crop production patterns, export levels , 

land-use patterns, water use, regional production, and the farming prac

tices utilized in maintaining the soil productivity under a set of prices 

based on the 1974-75 government tar get prices (Table 6). 

Commodity production and utilization 

The data in Table 7 indicate the production, domestic consumption, 

and net export levels for each of the commodities whose production is 

allocated by the model. During the calendar year 1973, the export of 

feed grains (corn, sorghum , barley, and oats) amounted to 1.7 billion 

bushels [6], much higher than the 0 . 6 billion bushels of feed grains 
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exported under the 1974-75 target prices. \~1eat exports under the 

1974-75 target prices (Model 1.1) are 1.3 billion bushels, near the.• 1973 

wheat export level of 1.4 billion bushels [6]. Cotton exports under Ll1e 

1974-75 target prices (Model 1 . 1) are 10.1 million bales compared to tl1 

1973 cotton export of 5.5 million bales [6] . Soybean exports ar~ 0.8 

billion bushels compared to the 1973 soybean exports of 0.5 billion bu~ Pls 

(6). The use of 1974-75 target prices as the equilibrium farm prices 

encourages the production of wheat, cotton , and soybeans relatively more 
• 

than feed grains. The results indicate the long-run equilibrium levels 

of production to which the agricultural sector will tend, given the assumed 

regional location of production . 

Table 7. Commodity production and utilization under 1974-75 target prices 
in 1985 (Model 1.1). 

Commodity Unit 

Corn mi I I ion bu. 

Sorghum II 

Bar I ey 11 

Oats II 

Wheat 11 

Soybeans 11 

Legume hay mi l I ion tons 

Non legume hay I I 

Silage II 

Cot ton mi I l ion bales 

Sugar beets mi I I ion tons 

Pork8 mi I I ion cwt . 

Milk products 
C 

11 

Beef 3 11 

a 
Carcass \..'eight. 

b Imports . 
c Milk equivalents. 

Product ion 

4,948. 1 

353.7 

262.0 

897 .4 

I , 954. 6 

2 , 1 82. 3 

180.0 

186.8 

547.8 

1 8 . 1 

26.4 

159.3 

1,167.3 

332.0 

Domestic 
Consumption 

4, 676.4 

353.7 

262 . 0 

586.9 

68 I. 0 

1,356.5 

180.0 

186.8 

547 .8 

8. 1 

26.4 

1 61 . 7 

I , 1 70 . 6 

3 l+8 . 1 

Exports 

271. 7 

0.0 

0.0 

310.5 

1,273.6 

825.8 

0.0 

0.0 

0.0 

10.0 

o.ob 
-2.4 

b 
-3.3 

b 
- 1 6. 1 
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Land use 

Of the 373.6 million acres available for cultivation, 331.3 million 

acres are used for crop production and 42.3 million acres are idled 

(Tables 8, 9, and 10). Of the 42.3 million acres of idle land, 11.9 

million acres are on land class V-VIII and are idled due to their suscepti

bility to high soil erosion rates. In the analysis, 75.4 million acres 

are used for feed grain production compared with 102.1 million acres during 

the 1972-73 crop year [19]. This is consistent with the reduced competi

tive position of the feed grains resulting from lower relative prices. The 

higher livestock production and changes in the ration increase the demand 

for roughages as reflected in the higher acreage of hays and silages 

(Tables 8 and 9). Nitrogen carryover from the legume hays also provides 

an incentive to increase hay acreage. 

Four regions account for 36.8 million acres or 87 percent of the total 

unused land under 1974-75 target price analysis (Model 1.1). The South 

Atlantic region has 17 percent: the ~orth Central region, 28 percent: the 

South Central region, 18 percent: and the Great Plains region . 24 percent of 

the total unused land. 

Water use 

Of the 240 milljon acre-feet of water available. 43 percent (103 

million acre-feet) is utilized under the target price alternative (Table 11) . 

This indicates that the total water available in the western United States 

is in excess supply; however. in specific regions water availability is 

critical. Agricultural uses account for 78 percent of all ~ater diversion 

in the analysis. 

I 

' 
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Table 8. Dryland acreages by major zones under 1974-75 target 
prices in 1985 (Model 1 . 1) . 

n Zone and Close A I I 
soi I class Row grown hay a Pasture Other b Tota I 

(000 acres) 
United States 178,236 83,525 54,504 635,491 9,044 960,800 

I ' I I 121,075 36,266 27,345 0 1 , 654 186,340 
ti- I I I E , IVE 23,478 32,582 21,228 0 3,375 80,663 

Other I I I , IV 33,439 14,299 4,706 0 3,781 56,225 
V- VI I I 244 378 1 , 225 0 234 2,081 

Nor th Atlantic 5,006 1 , 209 2,431 11,365 227 20,238 
ing I ' I I 3, 298 651 1 , 3 72 0 104 5,425 

I I IE , IVE 677 397 743 0 61 1 ,878 
Other I I I , IV 1 , 01 8 158 316 0 35 1 , 527 
V-V I I I 1 3 3 0 0 27 43 

The South At lan ti c · 16,260 1 , 065 7)5 36,533 1 , 555 56 , 208 
I ' I I 12,551 772 662 0 260 14,245 

d I I I E , !VE 1 , 1 51 269 5 0 :; 1 1 , 51 6 
Ot her 111, IV 2,465 20 128 0 1, 070 3,683 
V-V I I I 93 4 0 0 134 231 

No rth Centra l 91 , 297 26 ,029 19 ,592 53,235 328 190 ,481 
I ' I I 70 , 753 17, 582 11 ,319 0 94 99,748 
I I IE, IVE 10 ,498 4,5 26 7,564 0 133 22 , 721 
Othe r I I I, IV 10 , 014 3,896 709 0 78 14,697 
V-V I I I 32 25 0 0 23 80 

otal South Centra l 47,090 22,419 11 , 302 172,234 733 253 , 778 
I ' I I 25,393 8,298 2, 768 0 392 36,851 
I I IE, IVE 6, 425 10,849 5,625 0 75 22 , '374 
Othe r I I I , IV 15 , 253 3, 135 2, 658 0 238 21 , 284 

e V-V I 11 19 137 251 0 28 435 
Great Pl a i ns 9, 063 22 , 399 18,1 12 190, 184 5, 1 77 244,935 

t of I ' I I 5,830 7, 579 1 O, 404 0 670 24 ,483 
I I IE, IVE 1 , 789 10 , 508 6,375 0 2,849 21 , 521 
Qt her I I I , IV 1 , 4 1 7 4, 11 7 359 0 1 , 658 7,55 1 
V-V 111 27 195 'j74 0 0 1 , 1 )6 

Northwest 303 6,398 1 , 440 48,243 803 57 , 187 
I ' I I 64 1,004 738 0 38 1 ,844 
I I IE, IVE 1 1 2 4,104 336 0 - j 7 4 , 649 
Othe r l I I , IV 82 1 , 2 79 366 0 655 2,382 
V-V I 11 45 1 1 0 0 1 3 69 

11), Southwest 9,217 4,006 832 1 23 , 6'.37 22 1 137,973 
I , I I 3, 186 380 82 0 96 3,744 

es I I I E , IVE 2,826 1, '.)29 580 0 69 5,404 
Ot he r I I I , IV 3, 190 1 , 6S4 1 70 0 47 5, 101 
V- V I 11 1 5 3 0 0 9 27 

' I a 
on Inc l ud ing other hay and cropland pasture. 

b 
orchards and vineyards. Summe r fallow lands and 
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Table 9. Irrigated acreages by major zones under 1974-75 target 
pric es in 1985 (Model 1.1). 

Zone and Close A 1 1 
so i 1 class Row hay 

a 
Pasture grown 

(000 acres) 

United States 12,559 4,057 7,851 9,503 
I , I I 8,759 1,780 4,382 0 
I I I E , IVE 1,646 543 964 0 
Other Ill, IV 2,131 1 , 679 2,405 0 
V-V I I I 23 55 100 0 

North Atlantic 0 0 0 0 
I ' I I 0 0 0 0 
I I I E , IVE 0 0 0 0 
Other I I I, I V 0 0 0 0 
V-V I 11 0 0 0 0 

South Atlantic 0 0 0 0 
I ' I I 0 0 0 0 
I I I E , IVE 0 0 0 0 
Other I I I , IV 0 0 0 0 
V-V I I I 0 0 0 0 

North Central 11 0 467 0 
I ' I I 11 0 347 0 
I I I E , IVE 0 0 4 0 
Other I I I, IV 0 0 11 6 0 
V-V I I I 0 0 0 0 

South Central 2,398 625 88 198 
I , I I 1 , 346 246 86 0 
I I I E , IVE 333 10 0 0 
Other 111 , IV 719 368 2 0 
V-V I I I 0 1 0 0 

Great Plains 4,641 1 , 1 54 2,760 5,394 
I , I I I 3,458 768 2,076 0 
I I I E , IVE 769 179 267 0 
Other I I I , IV 406 204 410 0 
V-V I I I 8 3 7 0 

Northwest 1 , 856 1 , 709 3, 129 2, 366 
I , I I 1 , 138 636 1 , 399 0 
I I IE, IVE 369 264 514 0 
Other I I I , IV 337 758 1 , 1 23 0 
V-V I I I 12 51 93 0 

Southwes t 3,653 569 1,407 1 , 545 
I ' I I 2,806 130 474 0 
I I I E , IVE 175 90 179 0 
Other 111, IV 669 349 754 0 
V-V I 11 3 0 0 0 

alncluding other hay and cropland pasture. 

bSummer fallow lands and orcha r ds and vineyards. 

Other 
b 

Total 

1,600 35,570 
934 15,855 
210 3,363 
431 6,646 

25 203 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 478 
0 358 
0 4 
0 11 6 
0 0 

87 3,396 
86 1 , 764 

1 344 
0 1 , 089 
0 1 

17 13,966 
5 6,307 
8 1 , 223 
3 1 , 023 
1 19 

679 9,739 
394 3,567 
108 1 , 255 
164 2,382 

13 169 
817 7,991 
449 3,859 

93 537 
264 2,036 
1 1 14 

" 

z 
s 

L 

s 

N 

s 

G 

N 

s 

' 
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Table 10. Cropland utilization by maier zones under 1974-75 target 
prices in 1985 (Model 1.1). 

Zone and Ava i lab le l anda Unused cropland 
so 1 1 c 1 ass Dry lrrig. Dry lrrig. Tota 1 

(000 acres) 
United States 344,172 29,437 40,527 1 , 820 42,3L17 

I , I I 175,594 18,107 958 758 1 , 71 6 
I I IE , IVE 93,982 4,768 17,361 3 21 17,682 
Other I 11 , IV 61 , 392 6,256 10,481 594 11 , 075 
V-V I I I 13,204 306 11 , 72 7 147 11,874 

North Atlantic 10,268 0 2,396 0 2, 3~6 
I ' I I 4,838 0 0 0 0 
I I I E , IVE 2,743 0 1 , 039 0 1 , 039 
Other I I I , IV 2, 140 0 810 0 810 
V-V I I I 547 0 547 0 547 

South Atlantic • 22,477 0 7, 313 0 7,313 
I , I I 12,724 0 370 0 370 
I I IE, IVE 4, 196 0 3,071 0 3,071 
Other I I I , IV 4,534 0 2,849 0 2,849 
V-V I 11 1,023 0 1 , 023 0 1 , 023 

North Central 144,470 481 11,631 3 11,634 
I ' I I 97,001 358 304 0 304 
I I I E , IVE 26,150 4 3,869 0 3,869 
Other I I I, IV 17,522 119 3,661 3 3,664 
V-V I I I 3,797 0 3,797 0 3,797 

South Central 85,427 3,734 7, 154 563 7,717 
I , I I 35,147 2,458 32 463 495 
I I IE , I VE 24,932 388 2,466 4 2,470 
Other 11 I, IV 22 I 366 879 2,046 91 2,137 
V-VI 11 2,982 9 2,610 5 2,615 

Great Plains 61 , 651 9 , 795 9,253 840 10 ,093 
I , I I 23,876 6,028 0 0 0 
I I I E , IVE 26, 145 1 , 989 5,784 280 6,064 
0 the r I I I , IV 7, 717 1 , 688 661 483 1 , 144 
V-V I I I 3,913 90 2,808 77 2,885 

Northwest 9,428 5,884 1 , 602 10 1 , 61 2 
I ' I I 1 , 538 2,781 0 0 0 
I I IE, IVE 5, 188 1,066 950 8 958 
0 ther I I I , IV 2,328 1,893 278 0 278 
V-V I 11 374 144 374 2 376 

Southwest 1 O , 451 9, 543 1 , 1 78 404 1 , 582 
I ' I I 470 6,482 252 295 547 
I I I E , IVE 4,628 1 , 3 21 182 29 2 1 1 
Other I I I, IV 4,785 1 , 677 176 1 7 193 
V-V I 11 568 63 568 63 631 

a 
Includes only cropland available for endogenous crops. 
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Table 11. Withdrawals and consumptive use of water in the western river 
basins under 1974-75 target prices in 1985 (Model 1 .1) . 

Projected 1985 
Tota 1 Mun i c i pa 1 and 

River basin 1970a Agricultu re Industrialb Otherc Tota 1 

(000 acre- fee t per year) 

Wi thdrawals 

Western Basins 182,896 94,307 41,962 6,248 142 , 517 
Missouri 26,880 15,896 5 , 174 1 , 734 22 , 804 
Ark.-White-Red 13,440 4 , 792 8 , 486 0 13 , 278 Texas-Gulf 23,520 5,536 13, 164 0 18 , 700 
Rio Grande 7,056 4,850 1 , 084 0 5 , 934 u. Colorado 9 , 072 2,952 690 189 3 ,831 L. Colorado 8,064 6 , 039 1 , 013 1 , 93 7 8,989 Great Basin 7,504 2 , 950 742 1 , 1 77 4 ,869 
Col . -N. Pacif i c 33,600 18 , 201 5, 109 0 23 , 310 
Ca 1 . - S. Pacific 53,760 33 , 091 6 , 500 1 , 211 40 , 802 

Consumpt ive use 

Western Basins 82 , 432 80,336 17 , 382 5 , 550 103 , 268 
Missouri 13 , 440 14 , 029 990 1 , 734 16 , 753 
Ark . -Wh i te-Red 7 , 616 4,543 1 , 691 0 6 , 234 
Texas - Gulf 6,944 4,536 6 , 845 0 11 , 38 1 
Rio Grande 3,696 3,612 452 0 4,064 u. Colorado 4,592 2,356 286 141 2,783 
L. Colo rado 5,600 5,382 413 1 , 746 7 , 541 
Great Bas i n 3,584 2,385 285 849 3 , 519 
Col . - N. Pac i fic 1 2, 320 15 , 845 907 0 16 , 752 
Cal . -S. Pacific 24 , 640 27,648 5 , 513 1 , 080 34 ,241 

a 
Source: Marry and Reevers [ 10 , Table 17]. 

blncludes rural domestic , municipal, self-supplied industrial , 
recreation, mining , and thermal electric power. 

clncludes onsite uses and water expor t s out of the western basins . 

1 

, 
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The value of water as determined from the return to the water 

restraint varies greatly across the western United States. The average 

marginal value product of water is $12.60 per acre-foot, with a range 

from $1 . 50 per acre-foot to $88.33 per acre-foot. 

Regional location of production 

Initially the model's crop location patterns are compared with the 

crop location using the Census of Agriculture as the base [24). Then, 

discussion of the commodity prices 1s given relating the cost (supply 

price) and the value imputed to the regional location of production 

restraints . The value of the regional flexibility restraints can be viewed 

as a measure of the inefficiency of production resulting from the required 

regional location of production. The regional production restraint prices 

are greater than zero for those regions where the model , in order to minimize 

total cost, would indicate a desire to shift production to another region, 

or to increase production above the maximum allowed . 

Figures 9 and 10 indicate the regional distribution of row crops 

under Model 1.1 and in 1969, respectively. Under Model 1.1 assumptions , 

180.5 million acres are devoted to row crops (Figure 9) , compared to 127.1 

million ac r es in 1969 (Figure 10) [24). The increase in row crop acres is 

a r esult of the higher domestic consumption and higher exports in 1985 and 

concentrates in or adjacent to the Corn Belt. 

Figur es 11 and 12 indicate the distribution of c lose-grown crops under 

' 
J Model 1 . 1 and in 1969, respectively. An additional 11.3 million acres are 

utilized for production of the close-grown crops above the 1969 level 
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Figure 11. Location of endogenous dryland and irrigated close-grown 
crops under 1974-75 target prices in 1985 (Model 1.1). 
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of 70.6 million acres . Wheat acreage increases by 16.8 million acres 

from 45.4 million in 1969, with mos t of the increase in the Central Plains 

area of the nation. 

Figures 13 and 14 indicate the location of hay crops under Model 1.1 

and in 1969, respectively. No major shift in location of hay occurs under 

Model 1.1. The total acres of hay increase by 16.2 million acres from 

46.2 million in 1969, due to the higher than 1969 demand for the livestock 

products. The composition of the hay acreage shifts in response to the 

nitrogen carryover to include 83 percent legume hay compared with only 48 

percent legume hay in 1969 . 

Regional impacts on commodity prices 

The prices of the commodities are determined by both demand or market 

influences and by the regional location of production influences (Table 12) . 

The regional location of production influences are expressed in terms of 

location prices. Location prices represent the values of the commodities 

attributed to a maximum incorporation of the commodities resulting from 

limitations on the availability of nonendogenous resources and the lower 

level of production, representing inefficiencies of production as farmers 

diversify and try to spread risk at the expense of reduced income. 1° Factors 

affecting the location of production include : farmers ' desires to diversify, 

seasonal labor allocation, diversification for risk purposes , rotations which 

are not solely of one crop but which contribute to land management , incomplete 

l~h h d i e prices are weig te 
restraints defined for each of 

prices on the regional location of production 
the market regions . 
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information as to the expected prices of the commodities, and other 

miscellaneous reasons. 

Table 12. U.S. average commodity supply, location, and total prices under 
1974-75 target prices in 1985 (Model 1.1). 

Commodity 

Corn 
Sorghum 
Barley 
Oats 
Wheat 
Soybeans 
Legume hay 
Nonlegume hay 
Silage 
Cotton 
Parka 
Milkb 
Beef a 

a Carcass 

Unit 

(Bu.) 
(Bu.) 
(Bu . ) 
(Bu.) 
(Bu . ) 
(Bu.) 
(Ton) 
(Ton) 
(Ton) 
(Lb.) 
(CWT) 
(CWT) 
(CWT) 

Supply 
price 

1.32 
1 . 50 
1.32 
0.65 
1.63 
2 . 72 

27.73 
32.56 
10.27 
0.33 

39 . 95 
4.86 

68.45 

weight equivalent. 

bMilk equivalent . 

Location 
price 

(Dollars per unit) 

0.09 
0.39 
0.00 
0 . 00 
0.27 
0 . 12 
2 . 96 
0.00 
0.92 
0.06 
0 . 16 
0 . 41 
0.63 

Total 
price 

1.40 
1.89 
1 . 32 
0 . 65 
1 . 90 
2.84 

30.69 
32 . 56 
11.19 

0 . 39 
40.11 

5 . 27 
69 . 08 

The national average prices are not the same as the export prices 

(Table 6) due to transportation costs between the location of production 

and the exporting market regions where the export prices are obtained. 

In some regions, because of the small number of ac£es of a given crop , no 

production limit has been set and no location price is determined . In the 

North Atlantic region, 33 percent of the wheat price is attributed to loca

tion price. In the South Atlantic region, 40 percent of sorghum price is 

attributed to location price . The largest location price for corn appears 
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in the South Cent r al region, where 33 percent of the corn price is attri

buted to location price. In livestock production, pork appears to have 

the greatest dislocation in tl1e South Central region. On the other hand, 

beef production seems to be best located in tl1e Northwest, where only one 

half of one percent of the total price is attributed to location price. 

Soil loss and farming practices 

Soil erosion in this analysis refers to the gross field loss of soil 

on the cultivated lands allocated endogenously by the model and reflects 

a 10-ton per acre maximum soil loss restriction . The average U.S. soil 

loss per acre is 5.04 tons per year (Table 13). Regionally, the soil loss 

varies from 2 . 2 tons per acre in the Northwest to more tha11 6 tons per 

acre in the South Atlantic and South Central regions of the country. Under 

Model 1.1, the total national soil loss from the production of the endogenous 

crops amounts to more than 1.6 billion tons per year. Of tl1e total soil 

erosion, 40 percent (.67 billion tons) is produced in the North Central 

region and 34 percent (.55 billion tons) is produced in tl1e South Central 

region. The South Atlantic region, which has one of the highest per acre 

soil loss levels, contributes only 6 percent to the total soil loss because 

of its relatively small share of the total agricultural product and the 

farming practices incorporated. 

Nationally, 65 percent of the cultivated lands are farmed using 

conventional tillage-straight row practices (Table 14). All conventional 

tillage practices taken together account for 8, percent of the cultivat~d 
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Table 13. Per acre erosion under conservation practices by major zones 
under 1974-75 target prices in 1985 (Model 1.1) .a 

Conventional ti l 1 age Reduced til la9e 
Zone and St r. Contour s. crop St r. Contour s. crop Aver-
soi l class row only terrace row only terrace age 

(ton/acre) 
United States 4.43 7.35 5. 14 5. 68 8.36 7 . 49 5 . 04 

I , I I 4.62 7.60 5. 41 5. 34 6. 43 0.00 5 . 14 
I I I E , IVE 4.20 6.44 4.79 6.78 9.25 7 . 51 5 . 13 
Other I I I , IV 4. 12 6.44 5.29 6.41· 7.02 6.53 4 . 65 
V-V I I I 2.55 7.53 0 . 00 0 . 00 0 00 0 00 3.50 

North Atlantic 3 . 66 0 . 00 0.00 5.20 0.00 4 . 97 4 . 83 
I , I I 2.98 0.00 0 . 00 5.09 0.00 0 . 00 4 . 50 
I I I E , IVE 6.75 0.00 0.00 7,52 0.00 4.97 6.61 
Other I I I , IV 0.95 0.00 0 . 00 3.97 0.00 0 . 00 3. 75 
V- V I I I 0.00 0.00 0 . 00 0.00 0.00 0.00 0.00 

South Atlantic 6.27 7.87 5.53 6 . 52 7 . 08 6.03 6 . 56 
I ' I I 6.22 7.87 5 , 53 5.71 7.08 0 . 00 6 . 51 
I I I E , IVE 7.04 7.86 0.00 0.00 0.00 6.03 6 . 58 
Other I I I , IV 7.27 0.00 0 . 00 6.82 0 . 00 0.00 6 . 87 
V-V I I I 0 . 00 0.00 0.00 0.00 0 . 00 0.00 0.00 

North Central 4.63 7 . 68 4 . 64 5.54 6.96 8 . 21 5 . 16 
I , I I 4 . 55 7,77 6 . 45 5.34 5 . 46 0 . 00 5.09 
I I I E , IVE 4.95 6.96 3.01 6 . 51 7.94 8 . 30 5.63 
Other I I I , IV 4.78 7 . 91 0.00 4.56 0.00 5.54 4 . 96 
V-V I I I 0.00 0.00 0 . 00 0.00 0.00 0 . 00 0 . 00 

South Central 6.97 7. 1 5 5,27 6.56 9. 26 7.98 6.69 
I , I I 7.63 7 ♦ 55 4.86 5 . 50 6. 19 0 . 00 7. 16 
I I I E , IVE 6. 34 6. 1 2 5.46 9.35 9.61 7.99 6 . 85 
Other I I I , IV 5.78 5. 16 5 . 29 9.05 7.02 7 . 78 5.68 
V-V I I I 2.51 7.53 0.00 0.00 0.00 0 . 00 6 . 68 

Great Plains 2.80 3.07 4 . 88 0.00 0.00 0 . 00 3.01 
I , I I 2.95 3.07 2. 82 0.00 0.00 0.00 2.95 
I I I E , IVE 2. 59 0.00 5 . 06 0.00 0 . 00 0 . 00 3 . 22 
Other I I I , IV 2.68 0.00 0.00 0.00 0.00 0.00 2.68 
V-V I I I 2. 88 0.00 0 . 00 0.00 0 . 00 0.00 2 . 88 

Northwest 2. 16 0.00 0 . 00 0.00 0.00 0 . 00 2 . 16 
I , I I 1. 59 0.00 0 . 00 0 . 00 0.00 0.00 1 . 59 
I I I E , IVE 3.24 0.00 0.00 0.00 0 . 00 0.00 3.24 

Other I I I , IV 1 . 41 0.00 0.00 0.00 0.00 0 . 00 l . 41 
v~v I I I 0.00 0.00 0 . 00 0 . 00 0 . 00 0.00 0 . 00 

Southwest 4.62 5.45 0 . 00 0.00 0 . 00 0 . 00 4.65 
I , I I 4 . 58 0 . 00 0.00 0.00 0.00 0 . 00 4 . 58 
I I I E , IVE 4.56 5 . 45 0 . 00 0 . 00 0 . 00 0.00 4 . 65 
Other I I I , IV 4.72 0.00 0 . 00 0.00 0 . 00 0 . 00 4.72 
V-V I I I 0 . 00 0.00 0.00 0 . 00 0 . 00 0 . 00 0 . 00 

a 
For all endogenous crops including rotation hay. 
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Tabl e 14 . Acreages under conservation practices by major zones under 
1974-75 targe t pr ices in 1985 (Model 1 . 1). a 

Conven tional ti l l age Reduced til la9e 
Zone and St r . Con tour S. c rop St r. Contou r s. crop 
soi 1 class row only terrace row only terrace 

(000 acre) 
United States 215 , 547 29 , 1 23 36 , 017 37 , 697 7,779 5 ,095 

I ' I I 129,259 22,745 10,042 27,683 2,254 0 
I I I E , IVE 47 ,389 4,342 13 , 582 5,525 5,265 4 ,965 
Other I I I , IV 37 ,576 1 , 725 12,394 4,490 261 130 
V-VI 11 1 , 3 23 312 0 0 0 0 

North Atlant ic 1,848 0 0 5 ,533 0 491 
I ' I I 1, 365 0 0 3 ,473 0 0 
I I I E , I VE 385 0 0 828 0 491 
Other I I I, IV , 97 0 0 1 , 233 0 0 
V- V I 11 0 0 0 0 0 0 

South Atlanti c 3,553 3,681 3 , 843 2 ,077 1 , 222 787 
I ' I I 3, 376 3,349 3,843 563 1 , 222 0 
I I IE , I VE 6 332 0 0 0 787 
Other I I I , IV 1 71 0 0 1 , 514 0 0 
V- V I 11 0 0 0 0 0 0 

North Centra l 86,917 11 , 889 5,312 25,060 1 , 902 2,236 
I ' I I 64 , 040 9 , 659 2 , 508 20,098 749 0 
I I I E , IVE 10 , 268 1,426 2,804 4,470 1 , 1 53 2, 164 
Other I I I , IV 12,609 804 0 491 0 73 
V-VI 11 0 0 0 0 0 0 

Sou th Central 36 , 989 12,490 20 , 703 5,027 4 , 655 1 , 580 
I ' I I 20,838 9 , 250 3, 192 3,549 283 0 
I I IE, IVE 9,863 2,007 5, 118 227 4, 11 2 1 , 523 
Othe r I I I , IV 6,225 920 12,394 1 , 252 261 57 
V-V I 11 63 312 0 0 0 0 

Great Pl a in s 54,706 486 6, 159 0 0 0 
I ' I I 28,918 486 499 0 0 0 
I I IE , I VE 16,409 0 5,660 0 0 0 
Ot he r I I I , I V 8 , 262 0 0 0 0 0 
V-V I 11 1 , 11 8 0 0 0 0 0 

1-lor thwes t 13,700 0 0 0 0 0 
I , I I 4 , 318 0 0 0 0 0 
I I I E , IVE 5,297 0 0 0 0 0 
Ot her I I I , I V 3,943 0 0 0 0 0 
V-V I 11 142 0 0 0 0 0 

Southwest 17 ,835 577 0 0 0 0 
I ' I I 6,405 0 0 0 0 0 
I I I E , I VE 5 , 161 577 0 0 0 0 
Other I I I , IV 6, 269 0 0 0 ( J 0 
V- V I 11 0 0 0 0 0 0 

a 
For al 1 endogenous crops including rotat ion hay. 
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land farmed. Nationwide, 15 percent of the cultivated land is under some 

form of reduced tillage, concentrating in those areas where a high rate 

of soil loss takes place. For example, 27 percent of the cultivated 

acres in the South Atlantic region incorporate reduced tillage in the 

farming practices as do 22 percent of the cultivated acres in the North 

Central region. 

Agricultural Production Under Adjusted 
Target Prices (Model 1.2) 

This model indicates the production and export response obtainable 

as the relative commodity prices are altered. In determining the set of 

altered relative prices, it was desired to obtain an export mix approxi

mating current experiences. Thus, lower prices for cotton and wheat were 

selected, in conjunction with higher prices for feed grains (Table 6). 

All oLher model assumptions remain consistent with the previous analysis 

(Model 1.1). 

Commodity production and utilization 

Table 15 indicates the production, domestic consumption , and export 

levels determined in Model 1.2. The total export of the feed grains reaches 

1.4 billion bushels, of which 1 . 0 billion bushels are corn grain. This 

compares with the 1973 feed grain exports totaling 1.7 billion bushels , 

of which 1.3 billion bushels were corn grain f6]. Wheat exports under Model 

1.2 assumptions total 1.1 billion bushels compared to 1.4 billion bushels 

in J973 f6]. Und~r Model 1. 2 price assumptions , for each bushel of wheat 

• 
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Table 15. Commodity production and utilization under 
adjusted target prices in 1985 (Model 1.2). 

Domestic 
Commodity Unit Production consumption 

Corn mi l 1 ion bu. 5,541 . 4 4,501.7 

Sorghum 11 454.9 307.4 

Barley 11 429.7 429.7 

Oats 11 769.6 531. 4 

Wheat 11 1,817.9 711 . 7 

Soybeans 11 2,299 . 2 1,394.3 

Legume hay 
' 

million tons 176.8 176 . 8 

Non legume hay 11 187.6 187.6 

Si 1 age 11 564.0 564 . 0 

Cotton million bales 1 2 . 1 8.0 

Sugar beets million tons 26.4 26.4 

Porle rn i 1 l ion cwt. 1 59. 3 161 . 7 

Milk productsc rn i l l ion cwt. 1,167.3 1,170.6 

Beef a mi l l ion cwt. 332 . 0 348. 1 
I 

a 
Carcass weight. 

b 
Imports. 

cMilk equivalent. 

Exports 

1,039.7 

147.5 

0.0 

238? 

1,106 . 2 

904.9 

0.0 

0.0 

0.0 

4. 1 

0.0 

-2.4b 

-3.3b 

-16.lb 

exported, 1.29 bushels of feed grains are exported. This is close to 

the 1972-73 ratio of feed grains to wheat exports of 1.23. Sorgl1um, which 

is not exported under the 1974-75 target prices (Model 1.1), is exported 

at the level of 147.S million bushels under Model 1.2 assumptions. 

Wheat exports are reduced by 14 percent and cotton exports, which are more 

than 10 million bales under Model 1.1, reach only 4.1 million bales. 
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Land use 

The data in Tables 16, 17 , and 18 indicate the dryland, irrigated, 

and overall land-use patterns under Model 1.2 ass\1mptions. Total land use 

increases 6 million acres over the level of Model 1.1. The increase in 

dryland use accounted for 5.9 million acres of this total. The acreage 

shifts within the crop-use categories are consistent with the production 

patterns (Table 15), i.e., corn acreage increases and cotton decreases . 

Regionally, the increase in land utilization takes place mostly in the 

North Central (up 2.4 million acres) and the South Central (up 2.9 million 

acres) regions. Comparing Model 1.2 land use to the 1973 crop year in

dicates a closer balance in the pattern of production than the distribution 

obtained under Model 1.1 (Table 19). 

Model 1.2 serves as a base model for the remainder of the alternatives 

in the study. Its results, especially in terms of exports and land use, 

tend to be more closely related to the current U.S. patterns. Some of 

the differences can be explained in terms of long-run changes which will 

take place if U.S. agriculture is exposed to high~r prices. For example, 

the increased production of silage (corn and sorghum) from 15.0 million 

acres in 1973 (19] to 45.3 million acres in Model 1.2 (Table 19) , reflects 

the fact that one acre of silage can produce up to 50 percent more beef 

than an acre of grain. Estimates indicate that an acre of corn fed as grain 

can produce about 800 pounds of beef, while the same acre of corn fed as 

silage can produce 1,200 pounds of beef.11 

11 
Interview given to The Des Moines Register and Tribune by Dr. S.A . 

Ewing, Head, Department of Animal Science, Iowa State University , Ames , Iowa, 
July 20, 1974 . 

I 

1 

. 
t 

s 

s 

• 

G 

-



73 

l Table 16. Dry land acreages by major zones under adjusted target 
prices in 1985 (Model 1. 2) . 

Zone and Close A 1 1 
b soi 1 class Row hay 

a 
Pasture Other Total grown 

,e 
(000 acres) 

United States 186,409 81,534 54,836 635,491 8 ,462 966,732 
I ' I I 126,064 33,059 26,260 0 1 , 6 70 187,053 
I I I E , IVE 26,549 3 2, 193 21,890 • 0 3 , 511 84, 14 3 
Other I I I, IV 33,552 15,904 5,461 0 3, 047 57,964 
V-V 11 I 244 378 1 , 225 0 234 2,081 

North Atlantic 5,288 1 , 185 2,430 1 1 , 3 65 227 20,4j5 
I ' I I 3,384 612 1 , 325 0 104 5,425 
I I I E , IVE 674 394 734 0 61 1 , 863 
Other I I I, IV 1 , 21 7 176 371 0 35 1 , 799 
V- V I 11 13 3 0 0 27 43 

South Atlantic ' 16,452 1 , 065 972 36,533 1 , 5 55 56,577 m 
I ' I I 12,694 772 752 0 260 14,478 
I I IE, IVE 1 , 200 269 92 0 91 1 , 652 
Other I I I , IV 2,465 20 128 0 1 , 070 3, 683 
V- V I I I 93 4 0 0 134 231 ion North Central 96 ,953 23,447 18,890 53 , 235 328 192,853 
I ' I I 75 ,463 14,638 9,675 0 94 99,870 
I I IE, IVE 1 1 , 042 4,526 8,262 0 133 23,963 
Other I I I, IV 10,416 4,258 953 0 78 15,705 

ives V-V I I I 32 25 0 0 23 80 
South Central 49,362 21 , 758 11,558 172,234 733 255,645 

I ' I I 25,643 8,328 2,827 0 392 37,190 
I I IE, IVE 8,736 9,795 5,463 0 75 24,069 
Other I I I, IV 14,964 3,498 3,017 0 238 21,717 
V-V I I I 19 137 251 0 28 435 

Great Plains 9 , 257 23,306 18,662 190, 184 4,535 245,944 
I ' I I 5,953 7,065 10,801 0 667 24,486 
I I IE, IVE 1 , 93 2 1 1 , 1 26 6,501 0 2,986 22,545 
Other I I I, IV 1 , 345 4,920 386 0 882 7,533 
V-V I I I 27 195 974 0 0 1 , 1 96 

Northwest 303 6,416 I , 51 0 48,243 803 57,275 
ts I ' I I 64 945 798 0 38 1 , 845 

I I IE, IVE 11 2 4, 164 276 0 97 4,649 
Other I I I, IV 82 1 , 296 436 0 655 2, 469 
V-V I 11 45 11 0 0 13 69 

rain Southwest 8,794 4,357 814 123,697 281 137,943 
I ' I I 2,863 699 82 0 1 1 5 3,759 
I I IE, IVE 2,853 1 , 919 562 0 68 5,402 
Other I I I , IV 3,063 1 , 736 170 0 89 5,058 
V-V I I I 1 5 3 0 0 9 27 

' I a 
Including other hay and cropland pasture. 

[oi.a, t 
and vineyards. Summer fallow lands and orchards 
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Table 17. Irrigated acreages by rnaj or zones under adjus t ed t arget Ta 
prices i n 1985 (Model 1. 2) . 

-Zone and Close A 1 1 a 
b 201 so i I class Row grown hay Pas ture Other Tota I la, 

-(000 acres) 
United States 12,01 0 4,920 7,626 9 ,503 1 , 600 35,659 Un I , I I 8,438 1 , 710 4,738 0 934 15 ,820 

I I I E , IVE 1,624 598 1 , 091 0 210 3,523 
Other I I I , IV 1,925 2,557 1,697 0 431 6,610 
V-V I I I 23 55 100 0 25 203 

North Atlantic 0 0 0 0 0 0 Nol I , I I 0 0 0 0 0 0 
I I I E , IVE 0 0 0 0 0 0 
Other I I I , IV 0 0 0 0 0 0 V-VI 11 0 0 0 0 0 0 South Atlantic 0 0 0 0 0 0 SOI I , I I 0 0 0 0 0 0 I I I E , IVE 0 0 0 0 0 0 0 the r I I I , IV 0 0 0 0 0 0 ( V- VIII 0 0 0 0 0 0 I North Central 0 0 478 0 0 478 No, I , I I 0 0 358 0 0 358 I I IE, IVE 0 0 4 0 0 4 Other I I I , IV 0 0 1 1 6 0 0 116 ( V-V I I I 0 0 0 0 0 0 \ South Central 2,214 605 188 198 87 3 , 292 Sot I , I I 1 , 288 255 134 0 86 1 , 763 I I I I E , IVE 255 36 52 0 1 344 Other I I I, IV 671 313 2 0 0 986 ( V- VI 11 0 1 0 0 0 1 Great Plains 5, 142 1 , 135 2 , 501 5,394 1 7 14, 189 GrE 
I ' I I 3,902 702 1,696 0 5 6 , 305 I I I E , IVE 826 204 342 0 8 1 , 380 Other 111, IV 406 226 456 0 3 1 , 091 ( V-VI II 8 3 7 0 1 19 \ Northwes t 1 , 854 1 , 713 3, 129 2,366 679 9,741 -~OI 
I ' I I 1 , 13 9 636 1 , 399 0 394 3 , 568 I I I E , IVE 366 268 514 0 108 1 , 256 Other I I I , IV 337 758 1,123 0 164 2,382 ( V-V I I I 1 2 51 93 0 13 169 \ Sou t hwes t 2,800 1 ,467 1 , 330 1 , 545 817 7,959 Sou 
I ' I I 2 ,1 09 117 1 , 1 51 0 449 3,826 I I I IE , IVE 177 90 179 0 93 539 I Other I I I , IV 511 1 , 260 0 0 264 2 , 035 

C V- VI 11 3 0 0 0 11 14 
V 

f 

alncluding -other hay and cropland pasture. 
b 
Summer fallow lands and orchards and v in eya rds . 
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Table 18. Cropland utilization by major zones under adjusted target 
prices in 1985 (Model 1.2). 

Zone and Available Janda Unused croeland 
land class Dry lrri g . Dry lrrig. Tota 1 

(000 acres) 
United States 344, 172 29,437 34,981 1 , 3 55 36,336 

I ' I I 175,594 18, 1 07 605 437 1,042 
I I I E , IVE 93,982 4,768 13,879 166 14,045 
Other 11 I , IV 61,392 6,256 8 , 770 605 9,375 
V-V I I I 13,204 306 11 , 727 147 11,874 

Nort h Atlantic 10,268 0 2, 141 0 2, l '-t 1 

I ' I I 4,838 0 0 0 0 
I I IE, IVE 2,743 0 1,054 0 1,054 
Other 11 I, IV 2, 140 0 540 0 540 
V-V I I I 547 0 547 0 547 

South Atlantic 
' 22,477 0 6 ,944 0 6,944 

I ' I I 12,724 0 137 0 137 
I I I E , I VE 4, 196 0 2,935 0 2,935 
Other I I I, IV 4,534 0 2,849 0 2,849 
V-V I I I 1 , 023 0 1 , 023 0 1 , 023 

North Central 144,470 481 9 , 259 3 9, 262 
I , I I 97,001 358 182 0 182 
I I I E , IVE 26,150 4 2,628 0 2,628 
Other I 11 , IV 17,522 11 9 2,652 3 2, 655 
V-V I I I 3,797 0 3,797 0 3,797 

South Central 85,427 3,734 5,726 228 5,954 
I ' I I 35,147 2,458 32 1 24 156 
I I IE, IVE 24,932 388 1 , 3 71 4 1 , 3 75 
Other I I I , IV 22,366 879 1 , 713 95 1 , 808 
V- V I 11 2,982 9 2,610 5 2,615 

Great Plains 61 , 651 9,795 8,179 685 8,864 
I ' I I 23,876 6,028 0 0 0 
l I IE, IVE 26, 1 45 1 , 989 4,759 125 4,884 
Other I 11, IV 7,717 1 , 688 612 483 1,095 
V-V I I I 3,913 90 2,808 77 2,885 

i'llorthwes t 9,428 5,884 1 , 51 6 1 0 1 , 526 
I ' I I 1,538 2,781 0 0 0 
I I I E , IVE 5, 188 1 , 066 950 8 958 
Other I I I , IV 2,328 1 ,893 192 0 192 
V-V I I I 374 144 374 2 376 Southwest 1 O, 451 9,543 1 , 2 1 6 429 1,645 
I ' I I 470 6,482 254 313 567 
I I I E , I VE 4,628 1 , 3 21 182 29 2 11 
Other I I I, IV 4,785 1 , 677 212 24 236 
V- VI 11 568 63 568 63 631 

' 
a 
Includes only cropland ava i 1 ab 1 e for endogenous crops. 
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Table 19. Acres of major crops under 1974-75 target prices (Model 1.1), 
adjusted target prices (Model 1.2) in 1985, compared with 
1973. 

Crop Model 1.1 Model 1.2 1973a 

(million acres) 

Corn grain 48.3 53.3 61.8 
Soybeans 63.8 67.1 56 . 4 
Wheat 62.2 59 . 5 53 . 9 
Hay crops 62.3 62 . 5 62 . 2 
Sorghum grain 7.5 9 . 9 15.9 
Cotton 15.1 11.4 12 . 0 
Barley 5 . 4 9 . 1 10.5 
Oats 14 . 3 12 . 2 14 . 1 
Silage 44 . 6 45 . 3 15 . 0 

a Source : Statistical Reporting Service [ 19] . 

Under Model 1 . 2 , 68 percent of the row crops are grown on land classes 

I and II. This compares with 63 percent in 1967 [2] . About 80 percent of 

the close-grown crops are divided between land classes I through IV compared 

with 96 percent in 1967 [2]. Land classes I-IV also account for 88 percent 

of all the hay crops under Model 2.1 and 84 percent in 1967 [2]. Total 

unused cropland under Model 1.2 is 36.3 million ac res (Table 18) , with a 

lower concentration of idled cropland in the cent ral regions as compared 

to Model 1 .1. 

Regional location of production 

The location of production of the r ow c r ops , close-grown crops, and 

hay crops under the adjusted target prices (Model 1.2) shows only minor 

changes from the 1974-75 target prices (Model 1.1) . Because of the large 
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increase in corn acres, the Corn Belt states indicate a larger acreage of 

row c rops . The reduction in cotton acreage is offset by local shifts to 

soybeans in the South Central and Southeast regions of the country. The 

close-grown crops concentrate in the Central Plains area . 

Regional impacts on commodity prices 

At a national level , Model 1.2 indicates slightly higher prices than 

Model 1.1 (Tables 20 and 12 , respectively). Corn price increases five 

• 
cents per bushel, and sorghum price increases four cents per bushel . How-

ever, cotton and soybean prices both decrease . The location price for all 

grain crops , except wheat, are reduced. This indicates that under the ad

justed target prices (Model 1 . 2), the production restraints are more con

sistent with the optimal location of production than under the 1974-75 

target prices (Model 1 . 1) . Tl1e cotton and wheat location prices increased 

as their r elative land use in marginal areas is challenged by the now 

r elatively higher priced feed grains. 

One measure of the location efficiency o f production 12 is to compare 

the location price of a commodity to the total price of the commodity. 

Unde r Model 1 . 2, location price increases the national price of the com

modi t ies as follows: corn, 4 percent; sorghum, 17 percent; wheat, 15 percent; 

soybeans , 2 percent; legume hay , 11 percent ; and beef, 1 percent (Table 20). 

It will be shown later that, in general, as the level of production in

creases to satisfy higher exports, the proportion of location price to the 

total price of the commodity tends to decrease. 

12
rnefficiency in regional location of production can be attributed to 

farmers risk aversion, incomplete information, and slow adoption of new 
crop varieties and production methods. 
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Table 20. U.S. average commodity supply, location, and total prices 
under adjusted target prices in 1985 (Model 1.2) . 

Commodity Unit Supply Location Total 
price price price 

(Dollars per unit) 

Corn (Bu.) 1 . 39 0 . 06 1.45 
Sorghum (Bu . ) 1 . 61 0.32 1 . 93 
Barley (Bu . ) 1 . 28 0 . 00 1 . 28 
Oats (Bu . ) 0 . 68 0 . 00 0 . 68 
Wheat (Bu . ) 1 . 64 0 . 28 1 . 92 
Soybeans (Bu . ) 2 . 65 0 . 05 2 . 70 
Legume hay (Ton) 28 . 69 3 . 49 32 . 18 
Nonlegume hay (Ton) 34 . 43 0 . 00 34 . 43 
Silage (Ton) 10 . 47 0 . 83 11 . 30 
Cotton (Lb . ) 0 . 28 0 . 07 0 . 35 a 

(CWT) 41. 41 0 . 17 41 . 59 Por~ 
Milk (CWT) 5 . 01 0 . 44 5 . 46 a 

(CWT) 70 . 52 0 . 72 71. 23 Beef 

a 
Carcass weight equivalent . 

bMilk equivalent. 

Feed consumed by livestock 

The data in Tables 21 and 22 indicate the quantity of feed consumed 

by livestock class and the proportion of the total value r epresented by 

each feed, respectively. In general , only minor differences exist between 

the rations fed under the 1974- 75 target prices (Model 1 . 1) and t he adjusted 

target prices (Model 1 . 2). Thus , despite changes in the r elative pr ices 

of the feed grains and roughages , the changes are not large enough to 

greatly shift the ration composition for the livestock classes . 

' 
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Table 21 . Feed consumption by class of livestock in the United 
States under adjusted target prices in 1985 (Model 1 . 2). 

Feed 
Class grains a High proteinb 

supp l ements Wheat Fo ragesc 

(000 bu.) (000 cwt . ) (000 bu.) (000 tons) 

Beef cows 143,887 124,477 0 319,938 

Beef feeding 335,723 112 , 097 0 105,925 

Dairy 1,415, 820 58,806 32 , 50 1 37,337 

Hogs 1,905,059 157,631 9,579 2,087 
d 

All other 1,281,574 260 , 601 43 ,398 101,576 

' 
Total 5,082 , 063 713,612 85 , 478 566,863 

acorn equivalent. 

bincludes soybean and cottonseed oilmeals and high protein grain 
supplements. Does not include animal protein supplements. 

C Includes legume hay, nonlegume hay, and pasture, and corn and 
sor ghum silages in hay-equivalent tons. 

d Includes sheep and lambs, broilers , turkeys , eggs , and other live-
stock . 

Policy Implications 

Since the early 1930s agricultural policy in the United States has 

been based on production control in terms of set-aside acres and other 

programs to regulate production . In most of these years, in addition to 

production control, different programs were established to guarantee a 

reasonable return to the farmer . Most of the price control programs were 

based on the concept of a parity price system. The Agricultural Act of 

1973 is the most r ecent attempt by the U.S. Congress to depart from the 
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Class 

Beef cows 

Beef feeding 

Dairy 

Hogs 

All othersd 

Total 

80 

Feed consumption by class of livestock in the United 
States under adjusted target prices in 1985 (Model 1.2). 

Feed 
. a grains 

0. 68 

1 . 59 

6.69 

9 . 00 

6 . 06 

24.02 

High 
protein b 

supplements 

(Percent 

2.32 

2.09 

1 . 1 0 

2.94 

4.85 

13.29 

Wheat 

distribution) 

0 . 00 

0.00 

0 . 20 

0.06 

0.27 

0.53 

C Forages 

34. 71 

11 . 80 

4.03 

0.22 

11 . 3 9 

62. 15 

Tota I 

37.71 

15.48 

12 . 02 

12 . 22 

22.57 

100 . 00 

acorn equivalent. 

bincludes soybean and cottonseed oilmeals and high protein grain 
supplements. Does not include animal protein supplements . 

C 
Includes legume hay, nonlegume hay, and pasture, and corn and 

so r ghum silages in hay-equivalent tons . 

d 
Includes sheep and lambs, broilers , turkeys, eggs, and other 

livestock. 

parity price concept [21] . Specifically, the act reads, "To extend and 

amend the Agricultural Act of 1970 for the purpose of assuring consumers 

of plentiful supplies of food and fiber at reasonable prices" [21, p . l]. 

With the aid of Models 1 . 1 and 1.2, we show that if the agricultural 

industry is to operate under the price structure s uggested by the act, 

other goals (targets) not specified in the act might not be obtained . 

l 

I 

One such goal is the maintenance of "balanced exports" as reflected in the , 

farmers' response to the prices . 



e • 

81 

Figure 15 shows agricultural exports under Model 1 . 1 , Model 1.2, and 

1972-73 averages. Under tiodel 1.1 assumptions, farmers received the 

1974-75 target prices for their exported cotmnodities . However, under 

Model 1.2 assumptions, these prices have been adjusted (Tahle 6) such that 

a "balanced export basket" is being produced. The export o( feed grains 

(corn, sorghum, and barley) are clearly being suppressed by the 1 74-75 

target prices (Model 1 . 1), which at the same time encourages the export of 

wheat and cotton . The adjusted target prices (Model 1 . 2) tend to encourage 
• 

feed grain production and suppress wheat and cotton production relative to 

Model 1.2 (Figure 15) . The relative product mix of exports under the 

adjusted target prices (Model 1.2) is more in line with the 1972-73 farm 

exports ' mix . 

The way in which the government can obtain the most desirable export 

mix is shown by the study. If it is desirable to encourage the export of 

directly consumed commodities , wheat and cotton, then the relative ratio 

of prices as specified in the Agricultural Act of 197i [21) and used in 

Model 1.1 seems to be appropriate. However, if it is desired to increase 

the relative proportion of feed grains in the export basket , the relative 

prices used in the adjusted target price alternAI ivP (Morlel l . ?) ~PP~ to 

be appropriate. 

The different price support policies can have further implications on 

the regional distribution of production and farm income. The relative 

distribution of the cultivated land tends to be in favor of wheat and cotton 

under 1974-75 target prices (Model 1.1) and tends to reduce the number of 

acres devoted co feed grains (Figures 16, 17, and Table 19) . 
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Overall crop acreages increase by about 20 million acres under the 

1974-75 target prices (Model 1 . 1) and by 28 million acres under the ad

justed target prices (Model 1.2) from 1973 [6]. Silage crops (corn and 

sorghum) present the sharpest increase in acres, up about 30 million 

acres from 1973, reflecting the substitution of the silages for grains in 

the livestock rations. 

Another major difference in the crop acreage distribution is the 

appearance of more legume hay and less nonlegume hay in both models com-
• 

par ed to 1973 acreages (Figure 16) . ~11ile the total number of hay acres 

in Models 1.1 and 1 . 2 is almost identical to the number of hay acres 

harvested in 1973 (62 . 2 million acres), legume hay under Models 1.1 and 

1 . 2 accounts for 83 percent of the total hay acreages. This is compared 

with only 44 percent legume hay in 1973 [6]. This change, as was explained 

earlier, reflects an increased utilization of nonfertilizer nitrogen. If 

the nitrogen produced by the legume crops is credited to the crops which 

will follow it, as was done in this study, a sizeable advantage is shown 

by a rotation with a legume crop compared to a nonlegume rotation . Here 

the model does not take into account noncost technical difficulties 

associated with the production of legume hay. Despite the technical dif

ficulties, as nitrogen becomes more scarce and expensive because of the 

energy shortage, and the cost of high protein supplements increases in 

response to the increase in foreign demand, especially for soybeans, farmers 

may move toward a larger acreage of legume crops as a source of roughage 

as well as nitrogen for their crops. 
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The overall land use increases by about six million acres under the 

adjusted target prices (Model 1 . 2) compared with the 1974-75 target prices 

(Model 1.1). However, the national average land rent (marginal value 

products) does not show any significant change (Table 23). The regional 

land rents however, reflect the relative changes in the crops grown. For 

example, the land rent under the adjusted target prices (Model 1.2) in 

the North Central region increases because of the larger corn acreage . 

At the same time, the land rent in the North Atlantic region declines be

cause of the smaller wheat acreage under the adjusted target prices (Model 1 . 2 

Table 23. Land rents (marginal value products) under 1974-75 target 
prices (Model 1 .1) and adjusted target prices (Model 1.2) in 
1985. 

Major Zone Model 1.1 Model 1.2 

(dollars per acre) 
United States 31. 63 31. 59 

North Atlantic 14.61 10.84 

South Atlantic 14.04 14 . 65 

North Centra 1 33.03 37 . 74 

South Central 42.05 33 .21 

Great Pl ains 21 . 28 23.39 

Northwest 38. 12 40 . 00 

Southwest 26 . 81 23.97 

I 



he 

ices 

'or 

e-

1del 1 .. 

-

I 

87 

The effect of the different pricing policies on the overall domestic 

cost of food can be measured in terms of per capita cost of food. Under 

the adjusted target prices (Model 1.2), the per capita cost of food is up 

by less than three percent from the 1974-75 target prices (Model 1.1). 

Farm income, defined here as the total return to land, water, and 

labor , is $85 million higher under the adjusted target prices (MoJ pl 1 .2) 

than under the 1974-75 target prices (Model 1.1). 

• 



V. EXPORT CAPACITY OF U. S. AGRICULTURE 
AND REGIONAL PRODUCTION FLEXIBILITY 

This part of the study is constructed such that U.S . agriculture 

capacity can be measured under different assumed rates of adjustment in 

the regional location of production and crop specialization . Model 2 . 1 

assumes only minor adjustments in the regional production pattern when 

compared with the regional production in 1969 [24] . It requires crop 

production to meet at least 80 percent of 1969 acres and livestock units . 

Under Model 2.2 assumptions, the regional location of production is re

quired to meet 50 percent of 1969 acres and livestock units . For the 

first two models, crop acreages are not allowed to exceed 200 percent of 

1969 acreages, and livestock production is not allowed to exceed 300 percent 

of 1969 livestock units. The last model in set two, Model 2.3 , puts no 

upper or lower limits on the regional production patterns other than those 

consistent with the rotations, soil loss restraints , and the land base . 

The prices used for these models (Table 24) are twice the level of 

the commodity export prices determined under adjusted tar get prices (Model 

1.2). The three models in set two used the high export prices to 

encourage full use of the nation ' s agricultural resources. 

A maximum annual soil loss limit of five tons per acre r es t ricts the 

crop rotations selected in this part of the study . This restriction en

courages the use of farming practices such that , even with incr eased pr o

duction and exports of agricultural products , environmental standar ds can 

be maintained. 

88 
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Table 24 . Commodity export prices under the high export prices in 1985 
(Models 2.1, 2.2, and 2.3) and actual 1973 prices. 

------------------------- ----- ----------
Commodity Unit High export prices 

Wheat bushel $4.00 $4.00 

Cor n II 2.38 3.00 

Cot ton pound .45 .56 

Barley bushel 2.13 2.80 

Sor ghum II 3 . 80 3.40 

Oat s II 1 . 16 1 . 30 

Soybeans • II 5.57 5 . 57 

a Source: St atistical Repor ting Service [ 17] . 

I f no r estr iction is imposed on the export of corn and cotton, the 

model wi l l expor t these commodities in quantities that exceed a reasonable 

mar ket mix . To overcome this problem, a maximum export of 3.5 billion 

b ushel s of cor n and 10 million bales of cotton are imposed on the model. 

These levels still allow for a substantial increase in exports over the 

1973 levels of 1.2 billion bushels and 6 . 1 million bales for corn and 

co t ton , r espectively [23). 

Production Location Patterns Restricted to 
80 Percent of the 1969 Acres (Model 2.1) 

Model 2.1 is the most locationally restrictive model in set two . The 

1985 pr oduction location restrictions include: a minimum of 80 percent 

of the acres planted in 1969 for corn, wheat, soybeans, cotton , sorghum, 

and legume hay. These crops , except legume hay, also have a maximum limit 
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of twice the acres planted in 1969 [24] . Legume hay acreage in 1985 is 

allowed to increase to three times the 1969 acres. A minimum of 80 percent 

and a maximum of 300 percent of the 1969 livestock production level in 

each region is set for beef cow , beef feeding, hogs, and dairy production . 

Commodity production and utilization 

The levels of production, domestic consumption, and exports of the 

specified agricultural connnodities are given in Table 25. Exports of the 

feed grains increase from 1 . 4 billion bushels under Model 1.2 (Table 15) 

to 5 . 5 billion bushels, almost four times, in response to the higher 

export prices of Model 2.1. The export of feed grains under the higher 

export prices is about three times greater than the 1973 feed grain export 

level [23]. Wheat exports increase from about 1.1 billion bushels to 1.8 

billion bushels in response to the price increase between Models 1.2 and 

2.1. Soybean exports increase from 0.9 billion bushels in Model 1 . 2 to 

1.4 billion bushels in Model 2 .1 (Tables 15 and 25 , respectively). Cotton 

exports under Model 2.1 are at the upper limit allowed of 10 million bales. 

This compares to the 6.1 million bales exported in 1973 [23], the recent 

high export level for cotton. As a result of the high meat prices in 

Model 2 .1, the domestic consumption of beef and pork is lower than under 

Model 1 . 2. This reduction in demand for livestock products frees feed 

grains for export as well as freeing land from roughage production. 

Model 2 . 1 shows that with moderate flexibility, U.S. farmers can increase 

their output and exports substantially in response to the higher export 

prices by 1985. 

• 

I 
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Table 25. Commodity production and utilization under high export prices 
in 1985 (Model 2 . 1) . 

Domestic 
Commod ity Unit Production Consurn;,tion Exports 

Co rn mi 11 ion bu. 8,1 17 . 3 4,617.3 3,500.0 

So rghum 11 1,350.4 271 . 1 1 , O 79. 3 

Barley II 821 .7 219 . 8 601 . 9 

Oats 11 570.3 249.6 320.7 

Wheat 11 2,436 . 4 668. 1 1 , 768. 3 

Soybeans 11 2,540.1 1,127.1 1,413.0 

Legume hay • mi 1 1 ion tons 143 . 7 143.7 0.0 

Non legume hay II 195. 1 195 . 1 0 . 0 

Si 1 age 11 292.2 292.2 0 . 0 

Cotton million bales 18_ 1 8. 1 10 . 0 

Sugar beet s mi 1 1 ion tons 26.4 26.4 0.0 

Po r k a mi 1 I ion cwt . 156.2 158.6 -2.4b 

Hilk products C 11 1,1 67 . 3 1 , 1 70 . 6 b 
-3 . 3b 

Beef a 11 246.6 262.7 -1 6. 1 

a 
Carcass weight equivalent 

b Imports 

cMilk equivalent 

Land use 

The higher connnodity prices in Model 2.1 bring an additional 22 

million acres of dryland into cultivation (Table 26) . The acreage shifts 

include increases of 18 million acres in row crops and 17 million acres 

in close-grown crops and a reduction of over 15 million acres of hay crops . 

The higher return for the export commodities encourages maximum production 
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Table 26. Dryland acreages by major zones under high export prices 
in 1985 (Model 2 .1) . 

Zone and 
soil class 

United States 
I , I I 
I I IE, I VE 
Other I I I , IV 
V- V I I I 

North Atlantic 
I , I I 
I I IE, I VE 
Other I I I , IV 
V-V I I I 

South Atlantic 
I , I I 
I I I E , I VE 
Other I I I , IV 
V-VI 11 

North Central 
I , I I 
I I I E , I VE 
Other I I I , IV 
V-V I I I 

South Central 
I , I I 
IIIE, IVE 
Other 111, IV 
V-V I I I 

Great Plains 
I , I I 
I I IE, I VE 
Other I I I , IV 
V-VIII 

Northwest 
I , I I 
I I IE , I VE 
Other I I I , IV 
V-V III 

Southwest 
I , I I 
I I IE , I VE 
Other I I I , IV 
V-V I I I 

a 

Row 

204,706 
129,706 
36,662 
37,841 

497 
5,496 
3,364 

778 
1 , 341 

13 
20,306 
13,067 
2,925 
4,221 

93 
108,962 
79,753 
16,886 
12,269 

54 
49 , 763 
24, 171 
9,729 

15 ,835 
28 

9,363 
6,331 
2,102 

903 
27 

303 
64 

1 1 2 
82 
45 

10,513 
2,956 
4, 130 
3 , 190 

237 

Close 
grown 

(000 
98,455 
38 ,809 
41 , 094 
17,524 
1 , 028 
1 , 23 7 

612 
436 
186 

3 
1 , 638 

896 
476 
262 

4 
24 , 261 
16, 164 
4, 150 
3,769 

178 
25 , 53 1 
10,168 
11 , 290 
3 ,954 

119 
33 ,944 
8 ,935 

18,456 
6,062 

491 
8 , 286 
1 , 222 
5,565 
1,488 

11 
3,558 

812 
721 

1 , 803 
222 

A 11 a 
hay 

acres) 
39 , 626 
17,205 
12,906 
7,284 
2,231 
2,555 
1 , 345 

815 
395 

0 
1 , 063 

392 
504 
167 

0 
12,068 
4 , 041 
5,353 
2,083 

591 
9,693 
2, 511 
3,928 
3, 212 

42 
11 , 4 70 
8,063 
1 , 662 

170 
1 , 575 
2,013 

771 
183 

1 , 036 
23 

764 
82 

461 
221 

0 

Pasture 

635 ,491 
0 
0 
0 
0 

11 , 365 
0 
0 
0 
0 

36 , 533 
0 
0 
0 
0 

53,235 
0 
0 
0 
0 

172,234 
0 
0 
0 
0 

190 , 184 
0 
0 
0 
0 

48,243 
0 
0 
0 
0 

123,697 
0 
0 
0 
0 

Including othe r hay and crop l and pasture. 
b 
Summer fallow lands and o rcha rds and vineyards. 

b Other 

10,631 
2,069 
5,646 
2,682 

234 
227 
104 

61 
35 
27 

1 , 555 
260 

91 
1, 070 

134 
328 

94 
133 
78 
23 

548 
337 
153 
30 
28 

7, 553 
1 , 144 
5, 043 
1 , 366 

0 
204 
38 
97 
56 
13 

216 
92 
68 
47 

9 

Total 

988,909 
187 , 789 
96 ,308 
65,331 
3 ,990 

20,880 
5,425 
2,090 
1 , 957 

43 
61 , 095 
14,615 
3,996 
5,720 

231 
198 ,854 
100,052 
26,522 
18, 199 

846 
257 ,769 

37 ,1 87 
25 , 1 00 
23 ,031 

217 
252,514 
24,473 
27,263 
8,501 
2,093 

59 , 049 
2,095 
5,957 
2, 662 

92 
138,748 

3,942 
5,380 
5,261 

468 
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per acre utilizing higher cost per unit output processes . R~g1onally, 

cha cltanges in drylnnd use include on increase of 1.S million acres in 

the South Atlantic region, 6.0 million acres in the North Central region. 

2.1 million acres in tlte South Central rcgJon. 6 . 6 million ncres in th~ 

Great Plains region, and only minor changes elsewhere (1nbles 16 and 26). 

Irrigated land use totals over JS million acres for botl1 tltc dlu tcd 

target price and the high export price altcrn tivcs (T blcs 17 ind 27, 

rl!Sp "ctivcly). The high export price al tern tivc (Model 2.1) h 1s a larger 
• 

row c r op ac r eage but sm...-illcr acreage of th close-grown ond h~ y crop 

The Southwest and South Central regions r the only nrcas \.'her tot 1 

irrigation increases in response 1:0 the high export prices. 

Almost 10 million of the 14.6 millLon idle er (Tnbl 28) arc on 

land groups V to Vilt . which arc choracccrized by high oil lo • 

Model 2 .1, incorpor,ting o 5-ton oil lo l imlt . 68 percent of th ldlc 

acres are in land groups V to \Ill (Table 28), while und~r Mod~l 1.2 , 

incorporating the 10-ton limit, only 33 percent of th ldl~ dcr r on 

land groups V to VIII (Tabl 18) . Th<.> land that r ooln idle i lind 

'1.h ich either has a high ero ion 1 vel, and thu pr sent an ecologic l 

problem, or is of lo~ productivity m kin lL unproflt bl to uJcivat~. 

Land rent increases by npproximat ly 300 pre nt a export pricl 

double from the adjust1.:d target pri c lev1.: l (Hod 1 1. 2). Rcr ion l ly, the 

land rents increase proportionally more in the high-yi ldlng ntr 1 .:ind 

sou hero sections of the United States (Table 29). The mu h lnrg r 

increases in the land rents ari L be nu L tl1 upply of land l r lativ ly 

inelastic and any increase in the r turn per acre i directly cnpitnllz d 

into the value of land. 
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Table 27. Irrigated acreages by major zones 
in 1985 (Model 2.1) . 

under high export prices 

Zone and Close A 11 a 
so i 1 class Row grown hay Pasture 

United States 12,336 
(000 

4 ,369 
ac res) 
7,378 9,503 

I ' I I 8,716 1 , 905 4 , 177 0 
I I I E , IVE 1 , 391 544 783 0 
Other I I I , I V 2,209 1,868 2,325 0 
V- VI II 20 52 93 0 

North Atlantic 0 0 0 0 
I , I I 0 0 0 0 
I I I E , IVE 0 0 0 0 
Other I I I, IV 0 0 0 0 
V-V I I I 0 0 0 0 

South Atlantic 0 0 0 0 
I , I I 0 0 0 0 
I I I E , IVE 0 0 0 0 
Other Ill , IV 0 0 0 0 
V-V I I I 0 0 0 0 

No rth Central 0 0 478 0 
I , I I 0 0 358 0 
I I I E , I VE 0 0 4 0 
Other 111, IV 0 0 11 6 0 
V-V III 0 0 0 0 

South Central 2, 170 656 285 198 
I , I I 1 , 144 304 231 0 
I I I E , I VE 254 36 52 0 
Other 111 , I V 772 315 2 0 
V-VI 11 0 1 0 0 

Great Plains 4,897 1 , 273 2, 470 5 ,394 
I , I I 3 , 745 848 1 , 718 0 
I I I E , IVE 708 156 252 0 
Other I I I , I V 439 269 500 0 
V-V III 5 0 0 0 

Northwest 1 , 738 1,643 2,710 2,366 
I ' I I 1 , 140 574 1 , 208 0 
I I I E, I VE 249 250 296 0 
Other I I I , I V 337 768 1 , 11 3 0 
V-V I I I 12 51 93 0 

Southwest 3,531 797 1 , 435 1 , 545 
I ' I I 2,687 179 662 0 
I I I E , I VE 180 102 179 0 
Other 11 1, IV 661 516 594 0 
V-V I 11 3 0 0 0 

alncluding other hay and c ropland pasture. 

bSummer fallow lands and o rchards and v ineyards. 

b 
Other Total 

1 , 600 3 5, 1 86 
934 15, 732 
210 2,928 
431 6,833 

25 190 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 478 
0 358 
0 4 
0 11 6 
0 0 

87 3 ,396 
86 1 , 765 

1 343 
0 1 , 089 
0 1 

17 14,051 
5 6,316 
8 1 , 124 
3 1 , 211 
1 6 

679 9 , 136 
394 3, 316 
108 903 
164 2,382 

13 169 
817 8, 125 
449 3,977 

93 554 
264 2,035 
1 1 14 1 
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Table 28 . Cropland utilization by maior zones under high export prices 
in 1985 (Model 2.1). 

Zone and 
soil class 

United States 
I , I I 
IIIE, I VE 
Other 111 , IV 
V-VI I I 

North Atlantic 
I , I I 
IIIE, IVE 
Other I 11 , IV 
V-V I I I 

South Atlantic 
I , I I 
I I I E , I VE 
Other I I I , IV 
V-Vl I I 

North Central 
I , I I 
I I IE, I VE 
Other I I I , IV 
V-V I I I 

South Central 
I , I I 
I I I E , I VE 
Other 111 , I V 
V-V I I I 

Great Plains 
I , I I 
I I I E, I VE 
Other I 11 , IV 
V-V I I I 

Northwest 
I , I I 
I I I E, I VE 
Other 111 , IV 
V-V I I I 

Southwest 
I , I I 
I I I E , I VE 
Other I I I , IV 
V- V I I I 

• 

Available Janda 
Dry lrrig . 

344,172 
175,594 
93 ,982 
61 , 392 
13,204 
10 , 268 
4,838 
2, 743 
2, 140 

547 
22 , 477 
12,724 
4, 196 
4,534 
1,023 

144 ,470 
97,001 
26,150 
17,522 
3,797 

85,427 
35,147 
24,932 
22,366 
2,982 

61 , 651 
23 ,876 
26, 145 
7, 717 
3,913 
9 ,428 
1 , 538 
5, 188 
2,328 

374 
1 O , 451 

470 
4,628 
4,785 

568 

(000 
29 ,437 
18 , 1 07 
4,768 
6,256 

306 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

481 
358 

4 
119 

0 
3, 734 
2,458 

388 
879 

9 
9,795 
6,028 
1 , 989 
1,688 

90 
5,884 
2,781 
1 , 066 
1,893 

144 
9,543 
6,482 
1 , 3 21 
1,677 

63 

Unused cropland 
Dry l rr i g. Total 

acres) 
13,967 

32 
2, 353 
1 , 677 
9,905 
1 , 755 

0 
827 
381 
547 

2,426 
0 

591 
812 

1 , 023 
3,259 

0 
68 

1 61 
3,030 
3,499 

32 
344 
299 

2,824 
2,299 

0 

339 
5 

1 , 955 
353 

0 
0 
0 

353 
376 

0 
184 
19 

173 

652 
358 
11 7 
105 
72 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

226 
126 

0 
91 

9 
129 

0 
83 

0 
46 

0 
0 
0 
0 
0 

297 
232 
34 
14 
17 

14,619 
390 

2,470 
1 , 782 
9 977 
1,7':>5 

0 
827 
381 
547 

2,426 
0 

591 
812 

1 , 023 
3 , 259 

0 
68 

1 61 
3,030 
3,725 

1 58 
344 
390 

2,833 
2,428 

0 
422 

5 
2,001 

353 
0 
0 
0 

353 
673 
232 
218 

33 
190 

a 
Includes only cropland available for endogenous crops. 
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Table 29. Land rents (marginal value products) under the adjusted 
target prices (Model 1.2) and the high export prices 
(Model 2.1) in 1985. 

Zone 

United States 

North Atlantic 

South Atlantic 

North Central 

South Central 

Great Plains 

Northwest 

Southwest 

Model 1 . 2 

31.59 

10.84 

14 . 65 

37 . 74 

33 . 21 

23.39 

40 . 00 

23 . 97 

(Dollars per acre) 

Regional location of production and commodity prices 

Model 2. 1 

92 . 62 

22.99 

56 . 89 

112 . 08 

99 . 79 

70 . 92 

89 . 92 

65 . 57 

Comparing regional location of production under Model 2 . 1 to location 

under adjusted target prices (Model 1.2) reveals only minor changes . The 

change in production under the high export price assumptions (Model 2. 1) 

resulted from increasing intensity of production in almost all regions. 

The decrease in hay acreage is most pronounced in the Corn Belt and in the 

wheat growing regions where the hay crops are replaced by the exported 

crops : corn, wheat, sorghum, and soybeans . The additional ac r es of the 

row crops spread west and north of the traditional Corn Belt states . 

In general , commodity prices incr ease in the same proportion as export 

prices increased from Model 1 . 2 with moderate exports to Model 2.1 with 

high exports. For example, the export price of corn increases from $1 . 50 

to $3.00 per bushel, and at the same time, the national average selling 

price of corn increases from $1 . 45 to $2 . 86 per bushel (Tables 20 and 30) . 
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National selling prices are not the same as export prices because of 

transportation costs between the location of production and the exporting 

market regions. But, the weighted average commodity prices for all the 

exporting market regions (coastline regions) are exactly equal to the 

export prices. The average cost of transportation for export, is equal 

to the difference between the export price and the national selli~g price . 

For example , the average cost of transporting one bushel of corn for export 

is 14 cents ($3 . 00 minus $2 . 86). The commodity location price accounts 

fo r up to 16 percent of the total commodity price in the case of sorghum 

and as little as two percent of the total commodity price in the case of 

corn (Table 30) . The relatively large increases in the price of feed grains 

and r oughages a r e reflected in proportionate increases in the feed costs 

portion of the livestock activities. The price of pork increases by 37 

percent and beef by 27 percent (Tables 20 and 30) , reflecting the higher 

nonfeed costs per unit of output of the beef sector . The reduction in 

the per capita consumption of beef and pork in response to the higher 

prices (Table 5) also has an impact on the final equilibrium of livestock 

and commodi t y prices . The lower total demand allows the livestock to 

concentra te relatively more heavily in those areas where its production 

is efficient and tends to reduce the feed price impact. 

Feed consumed by livestock 

Many of the changes in feed consumption are the result of the relative 

change in the level of the per capita consumption of livestock products 

mentioned above. The decline in the consumption of livestock affects the 
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Table 30. U.S. average commodity supply, location, and total prices 
under high export prices in 1985 (Model 2 . 1) . 

Commodity 

Co rn 

Sorghum 

Barley 

Oats 

Wheat 

Soybeans 

Legume hay 

Nonlegume hay 

Si l age 

Cotton 
a 

Po r k 

Mi 1 kb 

Beef 
C 

Unit 

(Bu.) 

(Bu.) 

(Bu . ) 

(Bu . ) 

(Bu.) 

(Bu . ) 

(Ton) 

(Ton) 

(Ton) 

(Lb . ) 

(Cwt . ) 

(Cwt . ) 

(Cwt. ) 

Supply 
price 

2. 79 

2.73 

2. 53 

1 . 26 

3. 25 

5. 42 

42. 11 

45 . 46 

13 . 04 

0. 54 

56 . 51 

6. 13 

88 . 76 

aCarcass weight equivalent, 

bMilk equivalent. 

Location 
pr ice 

(Dollars per unit) 

0. 07 

0. 55 

0. 00 

0. 00 

0.55 

0. 17 

4.07 

0. 00 

1 . 61 

0.66 

0.43 

0.59 

0.84 

Total 
pr ice 

2.86 

3. 28 

2.53 

1 • 26 

3.80 

5. 58 

46 . 18 

45 .46 

14. 66 

0. 60 

56 .94 

6. 73 

89 . 60 

r elative use of the feed components . Consumption of feed gr ains , high 

protein supplements, and wheat is r educed by 300 mil lion bushel s , 12 . 2 

billion pounds, and 44 million bushels , respectively . These qua ntities 

can move directly into the export market . The 121 million ton r educti on 

in roughage allows for a real l oca tion of their acres to the expor t c r ops 

(Tables 21 and 31). 
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Table 31. Feed consumption by class of livestock in the United States 
under high export prices in 1985 (Model 2 . 1) . 

Class 

Beef cows 

Beef feeding 

Dairy 

Hogs 

All other d 

Total 

Feed 
. a grains 

(000 bu.) 

65,501 

228,388 

1,410,733 

1,865,231 

1,211,236 
• 

4,781,088 

acorn equivalent. 

High protein 
supplementsb Wheat Fo rages C 

(000 cwt.) (000 bu .) (000 t ons) 

42,323 0 232 ,370 

85,077 0 77 , :;r:;3 

60,878 0 38 , 124 

154,351 159 1,961 

249,064 41 , 794 96 ,113 

591,693 41,953 446,121 

bincludes soybean and cot t onseed oilmeals and high-protein grain 
supplements. Does not include animal pr otein supplement s . 

C Includes legume hay, nonlegume hay, and pasture , corn , and sor ghum 
silages in hay-equivalent tons . 

d Includes sheep and lambs, broilers, turkeys , eggs , and other 
livestock. 

Production Location Patterns Restricted to 
50 Percent of the 1969 Acres (Model 2 . 2) 

Model 2.2 is the intermediate step between the higher restrictive 

production l ocation alternatives and the removal of these restrictions 

altogether. Under Model 2 . 2 assumptions , a minimum of 50 percent in each 

r egion of the number of acres planted in 1969 is required in 1985 for the 

following c r ops : corn , wheat, sorghum , soybeans, cotton, and legume hay . 

A maximum of only 200 percent of the acres planted in 1969 (24] is allowed 

in 1985 for all the above crops except for legume hay , in which case an 



r J 100 pr nt i low d. For th ur v t k a tiv1tie --

b f w, b ff ding, d iry ow, nd hog ini u of 50 percent of 

th numb r of unit rni d in 1969 i requir d in 1985 nd n xiou of 

300 P r nt f th 1969 1 vel 1 allow d. All oth r u ption employed 

in M dl'l 2. r id nti l with tho u d in Mod 1 2.1. Any change in 

thl' mod 1 r ult thu con b ttribut d to th chanse in th production 

lo tin Tl tr :l nt • Diff r n bctw nth r ult nnd tho e obtained 

und r 80 ptr nt mini um production r trnint in ~odcl 2.1 ar very 

1hc only ignifi nt differ nc i n incr e in the export of oats--

bout 60 million bu h 1 mor th n in Model 2.1. 

A in produ tion, only minor chang~ in 1 nd u e re ob erved bc~een 

H d l 2.1 (80 pr cnt r tri tion) nd 1odcl 2 ... (SO pre nt r triction). 

Tiu tot 1 ultiv t d dtyland in re by onl> -00 , 000 crc6 under dcl 

.2. The> d c-lin in ro1o. crop and lo -grO'-'ll rop acreo (nbout one 

tllion or ) 1 off th> th cultivot d hoy crop. A 

light inert ocr gc of frri tcd ropland occur. Th 

v r~gc land r nt dl'cr b) about $3 pr er under todel 2.2. R gion 11) . 

the lnnd r nt vnry from an incrcos of $6. 78 per acre :ln th 'orth 

Atl ntic r1cgion to reduction of $9.31 per ocr in th South C ntral region. 

R ionol loc tion of eroduction nd commodity pric s 

Only minor ch ng in production locntion occur bet"' 11 tod~l 2.1 

(80 pcrc nt minimum productlon) ind Hod 1 2.2 (50 percent minimum pro-

ductlon). 1hert nr1 om uh ti tutions within the ro'"' crop c tc ory , but 

only minor uh tltutions bct"-'C'c>n th• ro'"' c1ops and close-gro"'" crops. 



les--

of 

red 

lon 

iall. 

reen 

,n). 

onally, 
1 

egion. 

,ut 

101 

The change in regional production location price is sometimes 

s ubstantial; however , the effect of the increase in regional flexibility 

on the average price of commodities is quite small (Tables 30 and 32). 

This implies that the total gain to the economy, if measured in terms of 

oppor tunity costs of production, obtained from an increase in flexibility 

of location of production, is quite small . 

Tabl e 32 . U. S. average commodity supply, location, and total 
under high export prices in 

• Supply Commodity Unit price 

Co r n (Bu . ) 2. 75 

Sor ghum (Bu.) 2.62 

Ba r ley (Bu . ) 2.53 

Oa t s (Bu . ) 1 . 23 

Wheat (Bu . ) 3 . 27 

Soybeans (Bu.) 5. 35 
Legume hay (Ton) 41 . 87 
Nonlegume hay (Ton) 44.76 

Si l age (Ton) 12. 88 

Cotton (lb.) 0.52 
a Pork {Cwt . ) 56.87 

Mi 1 kb (Cwt.) 6.09 

Bee~ {Cwt.) 91. 64 

aCarcass weight equivalent . 

bMilk equivalent. 

1985 (Model 2.2). 

Location 
price 

( Do l 1 ars per unit) 

0.08 

0.57 

0.00 

0.00 

0.45 

0. 13 

4.29 

0.00 

1 • 50 

0. 04 

0.44 

0. 14 

0.70 

prices 

Tota 1 
pr, ce 

2.33 

3. 18 

2. 53 

1 . 23 

3.72 

5.49 

46 . 16 

44.76 

14. 38 

0. 56 

57.31 

6.23 

92. 34 
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Production Location Patterns W:i th No 
Regional Production Restraints (Model 2 . 3) 

Model 2.3 analyzes the U. S. agriculture industry ' s capacity to export 

agricultural products if a complete adjustment in regional location of 

production is possible . This model represents a measurement of the maxi

mum long-run export capacity of U.S. agriculture if it is assumed that 

all resources are flexible and producers respond fully to economic fo r ces . 

In analyzing and comparing the production patterns indicated by Model 2 . 3 

(no location restrictions) , Model 2.1 (80 percent of 1969 r estrictions) 

ser ves as the base. Under Model 2 . 3 assumptions, corn grain exports are 

restricted to a maximum of 3 . 5 billion bushels and cotton exports to 10 

million bales to maintain a "balanced export" pattern , as was done in 

Models 2 . 1 and 2.2. 

Commodity production and utilization 

Model 2.3 results show a substantial increase in the production and 

exports of sorghum grain, barley, oats , wheat , and soybeans (Table 33) . 

Sorgl1um exports under Model 2.3 are 1.5 billion bushels. This compares 

with only 0.2 billion bushels of sorghum exports in 1973 (23). Compared 

with Model 2.1, exports of barley decline by 244 million bushels and oats 

decline by 157 million bushels (Tables 33 and 25). Wheat exports increase 

to 2 . 0 billion bushels compared with only 1.2 billion bushels in 1973 [23) . 

Soybean exports also increase substnntially from 1 . 4 billion bushels in 

Model 2.1 co 1.8 billion bushels in Model 2 . 3. Soybean exports were at an 

all-time l1igh in 1974, when tlte United States exported 0.5 billion bushels 

of soybeans and soybuun products [6]. 



1 Table 33 . 

Commod i t i es 

Co rn 

So rghum 

Ba r ley 

Oats 

Wheat 

Soybeans 

Legume hay 
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Commodity production and utilization under high export 
prices in 1985 (Model 2.3). 

Uni t Production 

mi 1 1 ion bu . 7,922.9 
II 1,736.0 
II 579.9 
11 261.4 
11 2,662.6 
II 2,808.4 

mi l 1 ion tons 167.0 
• 

Domestic 
Consumption 

4,422.9 

192.2 

222.0 

97.6 

667.8 

1,051.2 

167.0 

Exports 

3,500 . 0 

1 , 453 . 8 

357 . 9 

161.8 

1 , 994. 5 

1,757.2 

0.0 
Non legume hay 11 186.4 186.4 0. 0 
Si 1 age 11 272.3 272.3 0.0 
Cotton million bales 18. 1 8. 1 10.0 
Suga r beet s million tons 26 . 4 26.4 0.0 

b a Pork mi 11 ion cwt. 156. 2 158.6 -2 . 4· 
Mi 1 k productsc 11 

Beef°' 11 

aCarcass weight equivalent. 

b Impor ts . 

cMilk equivalents . 

1,167.3 1 , 1 70. 6 
b 

-2 . 3 
246.6 262.7 

b 
-1 6. 1 

The increase in export levels, which results from removing the upper 

limits on the regional location of production restraints, are great. In 

Model 2.2, the reduction in the location of production restraints did not, 

in many cases, increase the potential acreage of the region's most 

advantageous crop, as the acreage of this crop was already at its upper 

, limit. In order to reach full production capacity of agricultural com-, 
modities, however , many regions have to more than double their cultivated 
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acreage of specific crops. If an increased regional concentration of 

crops and a change to production ~ethods consistent with increased output 

is attained, then export levels significantly above present levels could 

be forthcoming. 

Land use 

Removal of the regional restrictions on production has resulted in 

the increased use of more than four million acres of dryland (Table 34) 

and 440,000 acres of irrigated land (Table 35). Row crop acreage increases 

by almost seven million acres and hay crops increase by about five million 

acres, while close-grown crops decrease by about four million acres when 

compared with Model 2.1 (Tables 26 and 27). Changes in the acreage of some 

crops include: soybeans and legume hay increase more than eight million • 

acres each; wheat and sorghum grain increase more than six million acres 

each; corn silage increases more than 2. 5 million acres; barley, oats, and 

corn grain reduce by about five million acres each; nonlegume hay and 

summer fallow decrease three million acres each; and cotton decreases 

about two million acres. 

't more efficient location of crop production , in general, results 
~ 

in ht5 .. ~r yields. However, in cases where a large increase in the c r op 

acreage takes place, some of the increase in yield is offset by the addi

tional acres of lower yielding land. In some cases , the resulting yield 

is lower than the yield obtained under Model 2.1. As a result of speci

alization, a noticeable yield change is indicated for cotton, up by . 3 

bales per acre. This higher yield allows the same number of bales to be 

1 
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Table 34 . Dryland acreages by major zones under high export prices 
in 1985 (Model 2.3) . 

Zone and Close Al 1 
1ut soi 1 class Row grown haya Pasture Otherb Total 

d (000 acres) 
United States 211 , 443 93,702 45 ,033 635 ,491 7,431 993 , 1 00 

I ' I I 1 30, 1 25 37,028 19,000 0 1 , 868 188 ,021 
I I IE, IVE 41 , 3 78 36 ,1 22 17,262 0 2,920 97,682 
Other I I I, IV 39 , 322 19,071 6 , 114 0 2,409 66,916 
V-V I I I 618 1 , 481 2,657 0 234 4,990 

North Atlantic 6,720 1 , 0 1 1 2,832 11 , 3 65 227 1.?.1SS 

I ' I I 4, 132 370 819 0 104 5,4L5 
I I IE, IVE 63 1 509 1,663 0 61 2 ,864 
Other I 11 , IV 1 , 940 105 258 0 35 2, 338 
V- V I I I 17 27 92 0 27 163 

:ases South Atlantic 20 , 088 2, 021 2,300 36,533 1 , 555 62 ,497 
I ' I I 13,225 865 265 0 260 14,615 

ion I I I E , IVE 2,858 772 865 0 91 4 ,586 
Other I I I , IV 3,912 380 1 , 1 70 0 1,070 6,532 

n V- V I I I 93 4 0 0 I 34 231 
North Central 112,045 25,755 7,979 53,235 262 199,276 

some I ' I I 81 , 215 15,766 2,978 0 94 100,053 
I I I E , IVE 17,452 5,404 3,625 0 67 26,548 

n Other I I I , IV 13,151 4,200 811 0 78 18,240 
V-V I I I 227 385 565 0 23 1, 200 

) 
South Central 48,930 22,357 15,256 172 ,234 238 259,015 

I ' I I 21 , 1 87 9 ,479 6 , 569 0 11 2 37,347 

md I I I E , I VE 11 , 683 7,468 6,220 0 75 25,446 
Other I I I , IV 15,997 5 , 209 2, 173 0 23 23,402 
V-V I I I 63 201 294 0 28 586 

Great Plain s 14,226 31 , 398 11 , 563 190, 184 4,719 252,090 
I ' I I 7,374 8,654 7,307 0 1 , 1 50 24,485 
I I I E , IVE 5 , 775 16,295 2,323 0 2,453 26 ,846 
0 the r 1 I I , IV 1,050 5,958 358 0 1 , 1 1 6 8 ,482 
V- V I I I 27 491 1 , 575 0 0 2,093 

Northwest 303 7,004 3,319 48,243 171 59,040 
I , I I 64 1 , 230 771 0 38 2, 103 
I I IE , IVE 11 2 4,330 1,402 0 97 5,941 
Other 1 I I , IV 82 1 , 433 1 , 1 23 0 23 2,661 
V-V I 11 45 11 23 0 13 92 

l- Southwest 9 , 131 4,156 1 , 784 123,697 259 139,027 
I , I I 2,928 664 291 0 11 0 3,993 
I 1 1 E , IVE 2,867 1 , 344 1 , 164 0 76 5,451 
Other I I I , IV 3, 190 1,786 221 0 64 5,261 
V-V I 11 146 362 108 0 9 625 

' I a 
Incl ud ing other hay and cropland pasture. 

b 
Summe r fallow lands and orchards and vineyards. 
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Table 35. Irrigated acr eages by maj or zones under high export prices 
in 1985 (Model 2. 3) . 

Zone and Close A 1 1 
soi 1 class Row grown haya Pastu re Othe rb Tota I 

(000 ac re s) 
Unit ed Sta t es 1 2,239 5,468 6, 816 9 , 503 1,600 35,626 

I ' I I 8,685 1, 985 4,053 0 934 15 , 657 
I I I E , I VE 1,425 728 1, 069 0 210 3,432 
Other I I I, IV 2,109 2, 703 1 , 597 0 431 6,840 
V-VI 11 20 52 97 0 25 194 

North Atlantic 0 0 0 0 0 0 
I ' I I 0 0 0 0 0 0 
I I E , IVE 0 0 0 0 0 0 
Other I I I , IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 

South Atlantic 0 0 0 0 0 0 
I ' I I 0 0 0 0 0 0 
I I I E, IVE 0 0 0 0 0 0 
Othe r I I I , IV 0 0 0 0 0 0 
V-VI 11 0 0 0 0 0 0 

North Cen t ra 1 0 0 467 0 0 467 
I ' I I 0 0 358 0 0 358 
I I I E , IVE 0 0 4 0 0 4 
Other I I I , IV 0 0 105 0 0 105 

' V-VIII 0 0 0 0 0 0 
South Central 2,245 628 235 198 87 3,393 

I ' I I 1 , 218 279 181 0 86 1, 764 
I I I E , IVE 253 35 52 0 1 341 
Other I I I, IV 774 313 2 0 0 1,089 
V-VIII 0 1 0 0 0 1 

Great Plaines 4,822 1, 584 2, 743 5,394 17 14,560 
I ' I I 3,704 961 1 , 636 0 5 6,306 
I I I E , IVE 748 341 524 0 8 1 , 621 
Other 111 , IV 365 282 579 0 3 1 , 229 
V-VI 11 5 0 4 0 1 10 

Northwest 1 , 738 1,843 2,518 2,366 679 9, 144 
I ' I I 1 , 138 572 1 , 204 0 394 3,308 
I I I E , IVE 251 250 310 0 108 919 
Other I I I , IV 337 970 911 0 164 2,382 
V-V I I I 12 51 93 0 13 169 

Southwest 3,434 1 , 413 853 1 , 545 817 8,062 
I ' I I 2, 625 173 674 0 449 3,921 
I I I E , IVE 173 102 179 0 93 547 
Other I I I , IV 633 1 , 138 0 0 264 2,035 
V-V I 11 3 0 0 0 11 14 

a 
Including other hay and cropland pasture . 

b 
Summer fallow lands and orchards and vineyards . 
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pr oduced on almost two million acres less land . Under the given cotton 

expor t limit of 10 million bales, the removal of the production restraints 

shifts cotton acres from the irrigated lands of the Southwest (Arizona, 

New Mexico, and part of Texas) to the dryland acres in the Southeast. 

Under Model 2.3 only ten million acres remained unused (lable 36) . 

Of this total, nine million acres are on land groups V to VIII which are 

subject to high erosion rates normally above the limit of five tons per 

acre per year used in this model. 

The removal of the restrictions on the location of production increases 

the average land rent to $108.35 per acre (Table 37) , an increase of 17 

percent compared to Model 2 . 1 (Table 29). The increase in land rent, as 

a result of the removal of the regional restriction on production, is dlte 

to a shift in the returns above costs totally to the land. The increase 

in land rents can be used as a partial measure of the degree of in

efficiency in the regional location of production exhibited in tl1e previous 

models (Models 2.1 and 2.2). 

Wate r use 

The total water consumed under Model 2.3 declines to 98.8 million 

acre-feet (Table 39). This decline in water use occurs concurrently with 

an increase of 440,000 acres of irrigated cropland. Thus, the removal 

of the restrictions on location of production allows a more efficient use 

of water as high water-using crops are moved to rainfed areas and the 

lower water-using crops are substituted allowing for greater acreage in 

areas where previously water availability limited production. Regionally, 
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Table 36. Cropland utilization by major zones under high export 
prices in 1985 (Model 2. 3). 

Zone and Ava i 1 ab 1 e 1 and a Unused c roeland 
so i l c lass Dry lrri g. Dry lrrig. Total 

(ooo acres) 
United States 344,172 29,437 9,606 384 9,990 ' , I I 175,594 18 , 107 0 238 238 

I I I E , IVE 93 ,982 4 , 768 517 75 592 
Other I I I , IV 61,392 6,256 175 14 189 
V- V I I I 13 , 204 306 8,914 57 8,971 

North Atlantic 10 , 268 0 479 0 479 
I , I I 4 ,838 0 0 0 0 
I I I E , IVE 2, 743 0 53 0 53 
Other I I I , IV 2, 140 0 0 0 0 
V- VIII 547 0 426 0 426 

South Atlantic 22 , 477 0 1 , 023 0 1 , 023 
I , I I 12, 724 0 0 0 0 
I I I E , IVE 4 , 196 0 0 0 0 
Othe r I I I , IV 4,534 0 0 0 0 
V- V I I I 1 , 023 0 1 , 023 0 1 , 023 

No r th Centra l 144 ,470 481 2,850 0 2,850 
I ' I I 97 ,001 358 0 0 0 
I I IE , IVE 26 ,1 50 4 43 0 43 
Other I I I , IV 17 , 522 119 1 3 1 0 1 3 1 
V-V I I I 3,797 0 2,676 0 2, 676 

South Centra l 85 ,427 3, 734 2,476 8 2,484 
I , I I 35 , 147 2,458 0 0 0 
I I I E , IVE 24,932 388 0 0 0 
Othe r I I I , IV 22 , 366 879 20 0 20 
V-V I I I 2,982 9 2,456 8 2,464 

Great Plains 61,651 9,795 2, 260 83 2,343 
I ' I I 23,876 6, 028 0 0 0 
I I I E , IVE 26, 145 1,989 300 41 341 
Othe r I I I , IV 7,717 1, 688 5 0 5 
V-VI 11 3,913 90 1 , 955 42 1 , 997 

Northwes t 9,428 5,884 353 0 353 
I ' I I 1 , 538 2, 781 0 0 0 
I I I E , IVE 5 , 188 1, 066 0 0 0 
Othe r I I I , IV 2 ,328 1 , 893 0 0 0 
V- V I I I 374 144 353 0 353 

So uthwes t 10,45 1 9, 543 165 293 458 
I , I I 470 6,482 0 238 238 
I I I E , IVE 4,628 1 , 3 21 1 21 34 155 
Other I I I , IV 4 , 785 1 , 677 19 14 33 
V-V I I I 568 63 25 7 32 

a 
Inc l udes only cropland available for endogenous crops . 
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Table 37. Land rents (marginal value products) of alternative land 
classes by major zones under high export prices in 1985 
(Model 2 . 3) . 

Land classc5 

Zone I • I I I I I E , IVE Ill-IV V-VI 11 Tota la 

( Do 11 a rs per acre) 

United States 130.66 82.65 87.60 2 I • 63 1 R.Jr; 

North Atlantic 1 16. 35 56.95 82.52 22.94 91 . 118 

South Ptlantic 108.97 68.80 62.80 0.00 91. 34 

No rth CentraJ 137.68 105.66 85.71 17 . 70 124.45 

South Central 141 . 38 9).85 113.13 27.50 1 19. 24 

Great Plains 107.99 56.67 59. 39 17.65 78. 12 

l~Or t l1west 166. 18 92.51 77.28 96 . 85 109.53 

Southwest 98.40 66.00 67.77 16. I 0 76. 19 

aExcluding other hay and pasture lands. 

a great decline in water consumption appears in the California-South 

Pacific region where the total water consumption declines by 2.6 million 

acre-feet (Table 38). At the same time, the consumption of water increases 

in the upper Colorado and the Columbia-North Pacific regions. The national 

average price of water (marginal value products) increases only slightly 

to $19.53 per acre-foot. 

Commodit1 prices and location of production 

The removal of location restrictions on production creates a 

significant change in the value of the commodities produced. i~ationallv. 

the weighted average price of the commodities is reduced by only one 
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Table 38. Withdrawals and consumptive use of water in the western 
river basins under high export prices in 1985 (Model 2.3). 

River basin 

Western basins 
Missour i 
Ar k.-White- Red 
Texas - Gulf 
Rio Grande 
U. Colo rado 
L. Colo rado 
Great Bas in 
Co 1 • - N. Pac i f i c 
Cal . -S . Pac i f ic 

Western basi ns 
Missour i 
Ark . -White- Red 
Texas- Gulf 
Rio Grande 
U. Colo rado 
L. Co lor ado 
Great Bas in 
Col .-N. Pacif i c 
Cal .-S. Pac i f i c 

Projected 1985 
Tota1 
1970a Agricultu re 

Municipal and 
industrialb C 

Other 

182,896 
26,880 
13,440 
23,520 
7 , 056 
9,072 
8 , 064 
7 , 504 

33 , 600 
53 , 760 

82 , 432 
13 , 440 
7, 616 
6 , 944 
3 , 696 
4 , 592 
5,600 
3,584 

12,320 
24,640 

(000 acre- feet per year) 

Wi thd rawals 

89 , 302 
15,146 
4 , 91 1 
5 , 313 
4 ,850 
3,424 
5 , 569 
2, 950 

17 , 355 
29 , 784 

41 , 962 
5 , 174 
8 , 486 

13 , 164 
1,084 

690 
1 , 013 

742 
5 , 109 
6 , 500 

Consumpt ive use 

75 , 778 
13 , 28 2 
4 , 662 
4 , 202 
3 , 612 
2 ,828 
5 , 244 
2, 385 

15 , 000 
24 , 563 

17 , 382 
990 

1 , 691 
6,845 

452 
286 
413 
285 
907 

5,513 

6,248 
1,734 

0 
0 
0 

189 
1 , 93 7 
1 , 1 77 

0 
1 , 211 

5 , 550 
1 , 734 

0 
0 
0 

141 
1, 746 

849 
0 

1, 080 

a 
Source: Marry and Reevers [10 , Table 17]. 

Tota I 

137,512 
22 , 054 
13 , 397 
18 , 477 
5, 934 
4 , 303 
8 , 519 
4 ,869 

22 , 464 
37 , 495 

98,710 
16 , 006 
6, 353 

11 , 04 7 
4 , 064 
3,255 
7 , 403 
3 , 519 

15 , 907 
31 , 1 56 

blncludes rural domestic, municipal, self-supplied industr ial , 
recreation, mi ning, and thermal electr ic power . 

clncludes onsite uses and water export s out of the wes t ern basins . 
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percent (Table 39) , but this is accompanied by a significant increase in 

exports. Using the prices obtained under Model 2.3 as weights (Table 39) , 

the value of the exported commodities increases by 3.2 billion dollars or 

by 10.6 percent over the Model 2 .1 level . 

The removal of the locational restrictions of production reduces 

all location prices to zero, and price variations between different regions 

under Model 2.3 (no location restrictions) reflect only transportation 

costs . 

• 

Table 39 . U. S. average commodity supply , location , and total 
under high export prices in 

Commodity Unit 
Supply 
price 

Corn (Bu.) 2.82 

So r ghum (Bu.) 3 . 11 

Ba r ley (Bu . ) 2.58 

Oats (Bu.) 1 . 1 2 

Wheat (Bu . ) 3.70 

Soybeans (Bu.) 5.41 

Legume hay (Ton) 48 . 30 

Non legume hay (Ton) 45.91 

Sil age (Ton) 15 . 45 

Cot ton (Lb.) 0.56 

Porka ( Cwt . ) 56.79 

Mi l kb (Cwt.) 6.22 
a 

Beef (Cwt . ) 90.94 

aCarcass weight equivalent. 

bMilk equivalent . 

1985 (Model 2.3). 

Location 
price 

( Do l 1 ar s per unit) 

0.00 

0.00 

0.00 

0 . 00 

0.00 

0 . 00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

prices 

To ta l 
price 

2.82 

3 . 11 

2.58 

1 . 1 2 

3.70 

5.41 

48. 30 

45.91 

15.45 

0 . 56 

56.79 

6.22 

90.94 
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Feed consumed by livestock 

Livestock production under Model 2.3 is the same as in Model 2.1, 

but some changes occur in the rations of Model 2.3 (Table 40) as com

pared to Model 2.1 (Table 31). The beef cow ration is based entirely 

on forages--hays and silages . The beef feeding ration also indicates a 

substitution of forages for feed grains . Those two changes r esult in a 

decreased use of about three million bushels of feed grains for the live

stock of Model 2. 3, offset by an increase of about eight million tons of 

forage. 

Table 40. Feed consumption by class of livestock in the United States 
under high export prices in 1985 (Model 2. 3) . 

Class 
Feed 

. a g rain s 

(000 bu . ) 

Beef cows 0 

Beef f eed in g 99,353 

Dairy 1,385,937 

Hogs 1,833 ,042 

A 1 1 o t he rd 1 , 2 0 3 , 1 8 7 

Total 4,521 , 519 

acorn equivalent. 

Hi gh p roteinb 
supplements 

(000 cwt.) 

-977 
84,769 

55 , 521 

151,557 
249,064 

539 ,934 

• 

Wheat C Forages 

(000 bu.) (000 tons) 

0 

0 

0 

0 

41 , 794 

41,794 

236,333 

82 ,107 

37,760 

1,928 

96, 11 3 

454 , 241 

blncludes soybean and cottonseed oilmeals and high protein grain 
supplements. Does not include animal protein supplements . Negative 
number indicates that the supply of high protein supplements by-pro
ducts from animal slaughter is greater than the amount consumed as feed . 

C 
Includes legume hay, nonlegume hay and pasture, corn , and 

sorghum silages in hay-equivalent tons. 

d 
Includes sheep and lambs, broilers , turkeys, eggs, and other 

livestock. 
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The removal bf the upper l imit on the acreage of legume hay increase 

it by more than eight million acres. The alfalfa which substitutes for 

the TON of the feed grains also reduces the demand for oilmeals because 

of the higher protein content of the legumes . The legumes are also en

couraged by their nitrogen carryover, which reduces the demand for 

commercial nitrogen. The more efficient production pattern also results 

in an increase in the acres available for producing export commodities. 

• 
Policy Implications and Export Capacity 

The results presented in this section have fa r-reaching implications 

for any agr icultural policy which encourages all-out production . Under 

high pr ices , agricultural exports can be expected to increase substantially 

over the export level which U.S . agriculture experienced in the last 

few years . Even when the regional allocation of production is not optimal , 

the possible expansion of production and exports is extensive. 

Three models have been presented in this section . All three models 

assume the same export prices (Table 24). The three models are different 

only with r espect to the regional location of production specifications. 

The most restricted situation is presented in Model 2.1 and most unrestric-

ted in Model 2.3 . 

Results under high export prices with a 50 percent production 

restraint (Model 2 . 2) show only minor differences from those under high 

export prices with 80 percent production restraints (Model 2.1) . There

fore, only two models of this section (Models 2.1 and 2 . 3) will be 

compared to the adjusted target prices model (Model 1.2). 
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The l ong-run increase in agricultural exports due to changes in 

export prices (Figure 18) is presented in terms of the adjusted target 

prices model (Model 1.2) and the high export prices models (Models 2.1 

and 2.3). Further increases in exports can be generated if, in addition 

to high export prices, the optimum regional allocation of production , 

subject to regional availability of resources, can be obtained (Model 2 . 3) . 

Due to the increase in export prices alone, by 1985 export of feed grains 

could increase from 1 . 4 billion bushels, if the adjusted target pr ices 

(Model 1 . 2) are realized , to 5 . 5 billion bushels if the high export prices 

(Model 2 . 1) are realized--up almost four times . Other substantial in

creases in exports due to high export prices are also obtained for wheat , 

soybeans, and cotton in 1985 (Figure 18) . 

Such a massive export level requires great reorganizations of farm 

production, transportation systems , and marketing channels. The possibility 

of export levels as high as presented in this study is highly dependent 

on the availability of a worldwide market for U. S. food and fiber. If 

the quantities produced are to be sold at the prices used in this study, 

a whole set of questions might be asked concerning possible buyer s who 

can afford to buy U.S . farm products at the supply prices indicated . 

Under adjusted target prices (Model 1 . 2), total net value of the 

seven export commodities is $5 . 9 billion (1972 dollar s) . This total 

export value increases to $31.5 billion under high export prices (Model 2 .1) 

and to $33.8 billion under high export prices with no regional restriction 

on production in 1985 (Model 2 . 3). The latter is almost a sixfold incr easef3 

13
For the year ending December 31, 1973, the exported value of the 

above seven crops is $12 . 6 billion , which is only 71 percent of the total 
value of food and fibers exported in that record year amounting to $17 . 7 
billion (6) . 

I 
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If the world mark t prices during the 1972-74 export season were an indi

cation of ho~ world market prices, under a tight upply ituation, are 

r lotcd to th~ price obtain din this tudy. then the above amounts could 

b uh tonti lly high r. A mention d by many other studi s, most of the 

needy ountr in tl1 Far Eo t and Afric c nnot afford to buy at such 

high xport pric , a their conomi 

of th cnfrgy ond food price increou•~ • 

or under great stress as a result 

In ummar~. the question of U.S. 

agricultural export cnpncity tl1u 1 very much tied to the question of 

bu) r who c n fin nee th purchns of U.S. ogrlcultur l products at these 

supply pric . In reality, U.S. griculturol exports may actually be 

dct rmined ither by th fin nci 1 capability of th importing countries 

or international orgoniz tion ~hich help subsidize such levels of exports 

on behalf of poor countri s. No internotion 1 organization hos yet come , 

forth to do so. 

L nd Ut:iC 

Land is one of th min resources of agricultural production in the 

Unit d Stnt s. Th abundance of gricultural farm lnnd in the United 

States w mnjor rcnson for f rm surplus cop city in the 1950s and 1960s . 

With the incr nee in xport , land us cnn become more intensive . If . at 

lea ton n nntional boBis, lond was not a limiting r source , the combination 

of Aoil erosion rcstr:iction and high export lev ls by 1985 could change this 

ituotion drastically. tnnd us und r adjusted target prices when soil 

cros:lon is limited to rn ximum of t"'n tons per ncr (Mod 1 1.2) is compR r ed 
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with land use under high export prices and a maximum soil loss of five 

tons per acre (Models 2.1 and 2.3, Table 41). Model 2.3, as mentioned 

earlier, does not specify any restriction on the regional location of 

production. 

The tight supply of land under a five-ton soil loss limit is clearly 

presented in Table 41. Not only a very small number of acres remains un

used under high expor t prices with no restriction on the location of 

production (Model 2 . 3), but most of the unused land (about 90 percent) is 

on land classes V to VIII and subject to high erosion . Of the total 

unused land, only about one million acres (less than one-half of one percent 

of the total available land) is on land classes I to IV, which under normal 

conditions has a good chance of meeting the maximum of five tons per acre 

soil loss requirements . 

The high commodity prices are the major reason for the land rents 

(marginal value products) increasing more than threefold (Figure 19) from 

the adjusted target prices analysis (Model 1 . 2). The increase in land 

use attributed to the removal of the regional production restraints brings 

an additional 4.6 million acres into cultivation. This increase in land 

use is accompanied by an increase in the average land rent of 17 percent 

from $92.62 per acre under high export prices with regional production 

restraints (Model 2.1) to $108.35 per acre under high export prices with 

no regional production restraints (Model 2.3). This substantial increase 

in land rents represents the increasing opportunities for agricultural 

land use as exports increase. As happened during the 1972-73 year, such 
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T bl 4 • L nd u und r dju ted torg t pri (M del 1.2) and high 
xport price (Mod l 2.1 and 2.3) 

Avsilebl land dry 

Avoilabl lond irrigated 

Available }ond total 

Dry cropland used 

lrrigot d roplnnd used 

Totol land us d 

Unused dry cropland 

Unus d irrigot d cropland 

Unua<>d land totnl 

Percent of unus d 1 ndb 

Unus d lnnd group V-VIII 

Per e nt of the unus d }ondc 

n 
For ndog nous crop uses only . 

Model 1.2 

341J . 172 

29 , 437 

373,600 

309 , 191 

28 ,082 

337 , 273 

34 , 981 

1, 355 

36,336 

9.73'Z 

11 , 874 

32.68t 

in 1985. 8 

Model 2. 1 

(1000 a res) 
344,172 

29 . 437 

373,609 

330,205 

28 , 785 

358,990 

13 , 967 

652 

14 , 619 

3.91 

9 , 977 

68.25 

b 
Totol unused land oa n pcrc nt of the totnl available land . 

Hodel 2.3 

344 , 172 

29 ,437 

373,609 

334 ,566 

29 ,053 

363 , 619 

9 , 606 

384 

9,990 

2. 67t 

8,971 

89 . BO'L 

C 
Unused land in lnnd group V-Vlll as n totnl of the unused land . 

high land rents represent very high go ins for formers who arc lendo\o.-ners . 

However , high land r nts tend to discourog new 101mers from enc~ring 

agriculture. Not only does the purchase price of land become very high 

as a r ault of tl1 increase in lnnd rents , but also the possible fluctu

ations in land prices could be much greater if the Pxport levels change 

from yenr to year . R lntiv ly , a swill chnng~ in xpo r ts could t r igger 

a much wider fluctuntion in land rents and land pr·fces . 

,-

• 

t 



I .,:i, ;,..a - 1--- -- - ,- ~- = ·~ ·~ I ~ I 
- -

Dollars per acre 

I 

I 
I 
I 
i 

I 

2.3 • 

120 ~ ~ l~ ~ 2 . 3 

~ ?1 ~ ~ 
2.3 2 . 3 ~ ~ 2.1 ~ 

~~ ~ ~ ~ 
>. ~ ~ ~ 2.3 D-.'\ 

2.1 ~ ~, 

~~ 

2.3 

105 J ~ 
2.1 ~ 

90J ~ 

751 I 
~ 

2.3 

2 . 3 

~ 

~ ~ ~ 1.2 ~-' 

~ -~ ~~ ~ ~~ ,'> ~ 

2: 1 ~ ~ 
1.2 ~' 

30 1 
~' 

15 

~ .~ ~ ~ 
UNifED NORTH SOUTH NORTH SOUTH GREAT 
STATES ATLANTIC ATLANTIC CENTRAL CENTRAL PLAINS WEST 

Figure 19. Land rent prices (marginal value oroducts) 11ndPr adiusted ta,get oricPs (ModP1 l .?) 
and high export prices (Models 2.1 and 2.3) in 1985. 

e-' 
e-' 

'° 



120 

Water use 

In contrast to land use, even under moderate exports, most of the 

water which can be used by agriculture is being utilized. In some regions, 

more water is available than what is actually being used, such as the 

Columbia-North Pacific region, but only small changes in the number of 

irrigated acres are noticed due to a lack of developed land in the region 

or no water transfer methods from these regions to other regions where 

developed land is available. As mentioned earlier, this study assumes no 

further water development after 1980 . This implies that the regional 

water supply becomes almost completely inelastic by that time . The effect 

of high export prices (Model 2 . 1) is to increase the marginal value pro

duct of water (Figure 20). Overall , the marginal value product of water 

under high export prices (Model 2 . 1) increases more than $6 per acre-foot 

(54 percent) from the average water price obtained under the adjusted 

target prices (Model 1.2) . 

For some regions, the water value increase is much higher than the 

average increase in water value . For example , water values in the Arkansas

White-Red River basin are up by $21.37 per acre-foot (66 percent) , and 

water values in the Rio Grande basin are up by $58.43 per acre-foot or 

251 percent as a result of the high export prices (Model 2 . 1). 

From the national point of view this study shows that even without 

additional water development after 1980, U. S. agriculture has the capacity 

for both meeting domestic demand and producing very large quantities of 

food and fiber for export . However, considering t he regional water needs , 
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use, and prices. some expansion of water development can be economical 

by 1985 in regions where additional water could be supplied by conventional 

water development projects for less than the regional marginal value 

products of water obtained in this study (Figure 20). Of course, the 

marginal value product of water obtained in this study is contingent on 

the high commodity pric~s indicated previously . 

Food cost and farm income 

The high export prices assumed under Models 2. 1 and 2.3 substantially 

affect the cost of food and farm income. All domestic commodity pr ices 

increase with the export prices, from the adjusted target prices (Model 1 . 2) 

to the high export prices (Models 2.1 and 2 . 3). However , while all export 

prices ar~ double their previous level , the national average domestic 

commodity prices do not increase by the same proportion (Table 42). The 

consistent differences between the export prices and the domestic prices , 

as mentioned previously. is due to th~ average transportation costs f r om 

the producing r gions to the export points. 

Th 3 result of removing the regional production restraints (Model 2.3) 

is, in general , lown r domestic prices . This reduction in domestic commodity 

prices is accompnnied by a substantial increase in exports , implying that 

higher exports do not necessarily require higher domestic prices if the 

expansion in production is accompanied by the appropriate regional pro

duction ndj,1stments nnd increased specialization. The analysis does not 

cover the impact that tht!se adjustments have on the nonfarm rur al areas . 
t 
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Table 42. Commodity national average prices under adjusted target 
prices (Model 
2 . 3) in 1985 . a 

1.2) and high export 

Commod ity Unit 

Corn (bu .) 

Sorghum (bu.) 

Barley (bu .) 

Oa t s (bu . ) 

Wheat (bu.) 

Soybeans (bu.) 

Legume hay • (ton) 

Nonlegume hay (ton) 

Silage (ton) 

Co tton (lb.) 

Sugar beets (ton) 

Pork b 
(cwt .) 

Milke (cwt .) 

Beef b (cwt.) 

a 
1972 dollars. 

bCar cass weight equivalent. 

cttilk equivalent . 

----
Hodel 1.2 

1. 45 

1.93 

1.28 

.68 

1.92 

2 . 70 

32. 18 

34 . 43 

11 . 30 

. 35 

10.49 

41 . 59 

5 . 46 

71 . 23 

prices (Models 2 . land 

Model 2.1 Model 2.3 
- - --- ----

2.86 2.82 

3.28 3.11 

2.53 2.58 

1.26 1.12 

3 . 80 3. 70 

5 . 58 5.41 

46. 18 48.30 

45. 46 45.91 

14.66 15 . 45 

. 60 . 56 

13.24 10.32 

56 . 94 56 . 79 

6 . 73 6.22 

89 . 60 90.94 

Overall per capita cost of food (Table 41) increases by only 11 

pe rcent from the adjusted target prices (Model 1.2) to the high export 

pr ices (Model 2.1). The increase in tl1e per capita cost of food is not 

proportionate to the commodity prices, as the consumption level of many 

products fall with the higher prices . 
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Table 43. Other results summarizing adjusted target prices (Model 1.2) 
and high export prices (Models 2.1 and 2.3) in 1985. 

Item 

a Per capita cost 

Net value of export 

Total soil loss 

Average soil loss 

Average water value 

Average land rent 

Total nitrogen purchased 

N purchased per acre 

N applied per acre 

Total farm incomeb 

Unit Model 1.2 Model 2.1 Model 2 . 3 

dollars 170.36 192 . 06 189.70 

million dollars 5,940 31,530 33,779 

million ton 1,722.8 997.1 1,010 . 4 

ton/acre 5 . 1 2 . 78 2.78 

$/acre foot 12.59 18.93 19.53 

dollars/acre 31 .60 92 . 62 108 . 36 

million lb . 16,445.7 23,905 . 2 23,375.2 

lb. 48.76 66 . 59 64.29 

lb. 69.86 82 . 55 79 . 88 

million dollars 14,305 37,684 43,715 

a 
For raw endogenous commodities only. 

bFarm income includes total return t o land , water , and labor. 

Farm income, defined as the total return to land , water, and labor, 

increases by about 163 percent (Table 43) from the adjusted target prices 

and moderate exports (Model 2.1), to the high prices and high exports 

(Model 2.3). Under complete regional adjustments (Model 2 . 3), farm in

come can be even higher. Under high exports , however, farmers may possibly 

be subject to higher costs of all inputs resulting from the higher demand 

for these inputs . 
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Environmental impact 

In the framework of this study , no serious economic problems seem to 

be presented if soil loss is restricted to a maximum of five tons per 

acre. It is interesting to note that the total soil loss, under high 

exports with the 5-ton per acre maximum soil loss (t~del 2.1), is only 

60 percent of the soil loss under moderate exports and the 10-ton maximum 

per acre soil loss (Model 1.2 , Table 43). Not only do soil loss restrictions 

not seem to pose a problem for increasing exports, but by appropriate 

• reallocation of production, exports can be increased and soil loss can be 

reduced at the same time , as the comparison between Models 1 . 2 and 2 . 3 

(Table 43) indicates . 

Nitrogen purchased is defined as the amount of nitrogen applied less 

the total nitrogen obtained from livestock manure and legume production . 

Unde r high export alternatives (Models 2 . 1 and 2.3), the quantity of nitro

gen purchased is up by almost 50 percent over the level in the moderate 

export alternative (Model 1.2, Table 43). This is mainly due to an increase 

in cultivated acreages but also to a larger application per acre which 

becomes profitable under the high export and domestic prices. It is 

interesting to note (Table 43) that both the total nitrogen purchased and 

the nitrogen applied per acre can be r educed when a complete regional pro

duction adjustment is made (Model 2.3) . This is due to a better allocation 

of c r ops and livestock , and hence, to a better utilization of all available 

input resources. 
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Table 44. Nitrogen restriction levels assumed for each crop in 1985 
under r estricted nitrogen models (Models 3.1 and 3.2). 

Crop Maximum N per acre (lb.) 

Barley 55.0 

Corn • 110.0 grain 

Corn s i 1 age 11 0 . 0 

Cot ton 80 .0 

Legume hay none 

Nonlegume hay none 

Oats 55.0 
' 

Sorghum grain 11 0. 0 

Sorghum silage 110.0 

Soybeans 

Suga r beets 

Wheat 

-none 

none 

55.0 

Fertilizer Restrictions Under Moderate 
Agricultural Exports in 1985 (Model 3 . 1) 

Model 3.1 is the first of the two fertilizer restriction alternatives . 

The model evaluates the economic implications for the agricultural industry 

as a result of imposed nitrogen-use limits (Table 44). The export levels 

obtained under the adjusted target prices (Model 1.2) are set as fixed 

levels to be maintained . All other assumptions of Models 1 . 2 and 3.1 are 

identical. Even though the absolute value of the results is presented, 

the interpretation of the results is done by observing the relative changes 

between the two models. 
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Commodity production and utilization 

Only minor changes in production and domestic consumption occur under 

restricted fertilizer use at moderate export levels (Table 45). The small 

changes taking place reflect the same export levels and per capita con

sumption of the commodities and a slight variability in the livestock rations 

encouraged by the production possibility changes resulting from the ferti-

lizer restriction. 

Table 45. Commodity production and utilization under restricted nitrogen 
use at moderate exports in 1985 (Model 3. 1) . 

Commodities Unit Production 

Corn mi 11 ion bu. 

Sorghum I I 

Barley I I 

Oats 11 

Wheat II 

Soybean 11 

Legume hay million tons 

Non legume hay II 

Silage II 

Cot ton mi 11 ion bales 

Suga r beets mi 11 ion tons 

Porka mi 11 ion cwt. 

Mi 1 k productsc 11 

Beef 3 11 

aCarcass weight equivalent . 

b Imports. 

cMilk equivalent. 

S,560.7 

454.0 

422 . 9 

761 . 4 

1 ,815 . 7 

2,300 . 9 

178 . 3 

186.2 

562.3 

1 2 . 1 

26.4 

159. 3 

1 , 167.3 

332. 0 

Domestic 
Consumption 

4 , 521.0 

306 . 5 

422 . 9 

523 . 2 

709 . 5 

1,3~6 . 0 

178.3 

186. 2 

562 . 3 

8.0 

26.4 

161 . 7 

1 , 170.b 

348 . 1 

Expo r ts 

1,039.7 

147.5 

0.0 

238. 2 

1 , 1 06. 2 

904.9 

0 . 0 

0 . 0 

0 . 0 

4. 1 

0.0 

- 2 . 4b 

- 3.3b 

- 16 . lb 
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Nitrogen use 

The imposition of the per acre nitrog n r trictions r ult i 

reduction of 1,193 million pounds of nitro c>n u 

compared to unrestricted nitrogen us~ ot mod rt 

pc>r enr (T1bl 46) 

xport 

use level is r fle tcd in a reduction f nltro •n pur h d. 

Th nitrog n 

h w l 

from livestock provide a rel 1tively on tone am unt ol fc>rtilizcr, h 

livestock enterpri~~~ over the rn,r::t o! pp} i ll n. in 14 nt pr 

pound as th av r1ge pri c for nitrogen, thl r ductl n ln nitror, nu 
• 

amounts to on annual r ductJon in fnn e p~ndit r 1 6 mllli n. 

Table 46. Nitrog n use by m.1jor zon 
rcstri t d nicrog nu (H 
use (Model 1.1) in 1985. 

at dcrit xp re und run
dcl l. ) ind r tri t d nilr n 

Zone Model 1 . 2 Model 3. l Prent ch1ngc 

United States 

North Atlantic 

South Atlantic 

North Centr 1 

South Centr l 

Great Pl ins 

Soutl c t 

( 1111 n b • 
16,4 6 

256 

1,199 

3,427 

5,266 

4,487 

1,113 

698 

15,254 

1,1 -

3,1 1 

":J , 152 

4,054 

1, 04 

50 

7.25 

-12 . 50 

-6.42 

-8. 05 

-2 .16 

-9 .65 

-6 .4 7 

-27.08 
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Yield reduction 

Comparing the average national yields per acre under restricted 

nitrogen use at moderate exports (Model 3.1) with the unrestricted nitrogen 

use yields (Model 1.2) shows: barley, down 0.5 bushel per acre or 1 . 2 

percent; corn grain, down 2.5 bushels per acre or 2 percent; corn silage, 

down 0.1 ton per acre or one percent; oats, down 0.2 bushel per acre or 

less than one-half of one percent; and wheat, down 0.2 bushel per acre, 

about one-half of one percent. One reason behind the small national yield 

reduction from nitrogen restrictions is the incorporation of rotations 

which include legume crops in the study; when the per acre nitrogen appli

cation is restricted, these legume rotations beco1ne more attractive and 

replace the continuous rotations used previously . This is one of the main 

reasons for the high proportion of legume crop acreages in the restricted 

nitrogen models. 

Land use 

The restriction on the application of nitrogen results in an important 

land and nitrogen substitution. While total nitrogen used declines by 

1,193 million pounds from the unrestricted nitrogen use (Model 1 . 2), total 

acres under cultivation increase by 2. 1 million acres (Table 47) . Under 

restricted nitrogen at moderate exports (Model 3. 1), this substitution 

rate is one acre of land for every 560 pounds of commercial fertilizer 

applied but does not necessarily hold for total nitrogen use, as a large 

proportion of the nitrogen is supplied from legume crops and livestock wastes . 
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Table 47. Land use by major zones at moderate exports under unrestricted 
nitrogen use (Model 1.2) and restricted nitrogen use (Model 
3.1) in 1985. 

Zone Model 1 . 2 Modul 3.1 Percent Change: 

United States 337.273 339,402 +.63 

North Atlantic 8 .127 8,309 +2.24 

South Atlantic 15,533 15,640 +. 69 

North c~nt r,il 135,689 136,193 +.37 

South Centra 1 83,207 83,311 +. 12 

Great Plains 62,582 t>3,353 +l.23 

1lorthwest 13,786 14,008 +I. 61 

Southw~st 18,349 18,588 ➔ 1.30 

The increase in total land utilization is not distributed equally 

over all crops. Because of the reduction in yields nd the maintenance 

of the same export levels as in the unrestricted nitrogen situation, 1n 

increase in acreage occurs, especially for the rops being exported. Com

pared with the unrestricted nitrogen use it mode>ratc xport (Model 1.2), 

corn grain acreage increases 1.5 million acres; cotton ncreage increases 

240,000 acres; legume hay increases 173,000 acres; and wheat acre>age in

creases 3u0,000 acres. Acres of the other crops t'hange only slight!~. 

Overall, land rent as represented by the marginal v1lut produ t 

increases by $1.46 per acre as a result of the restriction on f rtiliz r 

use at moderate exports. A mut'h larger increase in lond rent Ot't'urs. fr 

example, in the North Central region whtr land rent is inc:reased by $4.83 

per acre or 45 percent as a result of the r stric-tcd fertilizer us~. 
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Commodity prices and farm income 

The restriction on fertilizer application at moderate exports resulted 

in a small increase in commodity prices (Table 48). Such a small change 

in commodity prices is also reflected in the small change in the average 

Table 48. U.S. average commodity supply , location, and total prices under 
restricted nitrogen use at moderate exports in 1985 

Commodity Unit Supply 
price 

Corn (Bu . ) 1 . 41 

Sorghum (Bu . ) 1 . 63 

Barley (Bu . ) 1 . 3 1 

Oats (Bu.) 0.70 

Wheat (Bu.) 1 . 63 

Soybeans (Bu.) 2. 68 

Legume hay (Ton) 28.96 

Non legume hay (Ton) 35.03 

Si 1 age (Ton) 10.73 

Cot ton (Lb.) 0. 29 

Pork a (Cwt . ) 41. 84 

Mi 1 kb (Cwt.) 5.05 

Beef a (Cwt . ) 71 . 39 

aCarcass weight equivalent. 

bMilk equivalent. 

Location 
price 

( Do 11 a rs per unit) 

0.05 

0. 35 

0.00 

0.00 

0.31 

0.05 

3.68 

0.00 

0.92 

0. 07 

0. 18 

o.45 

0.74 

(Model 3.1). 

Total 
price 

1 . 46 

1 . 97 

1 . 31 

0. 70 

1. 95 

2.73 

32 . 64 

35 .03 

11 . 65 

0. 36 

42 .02 

5.50 

72. 1 2 

per capita cost of food and fiber. Per capita food and fiber cost (row 

endogenous commodities only) under restricted nitrogen use at moderate exports 

(Model 3 . 1) increased only $2.03 (1.1 percent) per year over the unrestricted 
' 
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fer t ilizer-use level (Model 1.2). This increase in the per capit3 cost 

of food and fibe r s indicates the small impact of a nitrogen restriction 

on fa r m pr ices when livestock wastes and legumes can be substituted in 

the rotation and only moderate export levels are experienced. 

Fertilizer Restrictions Under High 
Agricultural Exports in 1985 (Model 3.2) 

Model 3 . 2 addresses itself to the problem of restrictions on the 

appl ica tion of fe r tilizer while facing an expanded demand for the export 

of U. S. agr irultural products. If high exports such as those obtained 

i n thi s study should occur in the future, the question is: Can the U.S . 

agricultur al sector maintain the high level of exports and still reduce 

nitr ogen use? The analysis covers the impacts on the agricultural industry 

and on the U. S. consumer's food and fiber budget while maintaining exports 

a t thei r high levels . 

The comparison is based on forcing the export level of agricultural 

commodities to the level obtained under the unrestricted fertilizer use at 

high expo r t analysis (Model 2.1, Table 25). Model 2.1 simulates a high 

export situation when only limited shifts in the location of production 

take place as compared with the 1969 location of production [24). In 

addition, Model 2.1 calls for a five-ton maximum soil loss per acre, with 

no restriction on nitrogen use. Except for adding the restrictions on 

fertilizer application (Table 44), Models 2.1 and 3 . 2 have the same set of 

assumptions. 
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Nitrogen use 

The total reduction in nitrogen application under restricted fertilizer 

use at high exports (Hodel 3 . 2) is 2,668 million pounds or 1.3 million 

tons o f nitrogen per year (Table 49). This is equal to a reduction in 

f e rtilizer purchases of $373.5 million per year with a nitrogen price equal 

Table 49. Nitrogen use by major zones at high exports under unrestricted 
nitrogen use (Model 2 . 1) and restricted nitrogen use (Model 
3.2) in 1985. 

Zone Model 2 .1 Model 3 . 2 Percent Change 

United States 23,905 
(million lbs . ) 

21 , 223 -11 . 22 

North Atlantic 272 203 -25 . 37 

South Atlantic 1 , 919 1 ,648 - 14Ql2 

North Central 7 , 427 6,248 -15 . 87 

South Central 6,622 6)275 -5 . 24 

Great Plains 5,636 5 , 159 -8 . 46 

Northwest 1,260 1 , 119 - 11 . 19 

Southwest 769 570 -25 . 88 

to 14 cents per pound. The 11 percent reduction in nitrogen application 

under high exports is l a rger than the r educ tion in nitrogen applied unde r 

restricted nitr ogen use at moderate exports (Model 3 . 1) . The larger 

reduction is consistent with farmer s harvesting more acr es and utilizing 

more fertilizer per acre under the higher exports and higher price alter

natives (Model 3 . 2) . The higher commodity prices yield a higher r eturn 

• 
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fo r nitrogen than the return for nitrogen obtained ,1nder the lower price 

alternatives. This indicates lorger reduction in use on the highly 

fe r tilized lands and some reduction on other lands as more ncres approach 

the limits (Table 44) and some acres exceed the limits . 

Land use 

The yield reductions , when accompanied by the some high exp t 1 ~vel 

and thus the same production level, result in o large substitution of lnnd 

fo r fe r tilizer . Total land use under restricted fertilizer use and at 
• 

high exports increases by 3.3 million acres (Toble 50) above the unrestricted 

fe r t i lizer us~ alternative at l1igh exports ( lode] 2.1). Tl1e avernge rate 

of substitution of land for nitrogen, at the level of production obtained 

unde r Model 2.3, is one acre for every 830 pounds of commercial nitrogen 

applied. Not only is more land substituted for mor<.' nitrogen, when ni.tro

gen is restricted at high exports, but also the average rate of substituti n 

is greater than on<.' acre for every 60 p und 

restricted nitrogen use at modern E exports. 

This fact can be explained by noticing that under high xports 

(Model 2.1 and 3.2), the marginal productivities of both lc1nd and nltrogen 

are smaller than under moderat exports (Model 1.2 and 3.1). Howcve>r, 

the marginal productivity of nitrogen under high exports i declining 

relatively more than the marginal productivity of land. Thtrefore. th 

rate of land for nitrogen substitution und r high exports (830 pound f 

N) is greater than under modtrnte exports (560 pounds of N). 
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Table 50. Land use by major zones at high exports under unrestricted 
nitrogen use (Model 2.1) and restricted nitrogen use (Model 
3.2) in 1985. 

Zone Model 2.1 Model 3.2 Percent Change 

United States 358,990 
1,000 acres 

362,220 +. 90 

North Atlantic 8 , 513 8 ,757 +2.87 

South Atlantic 20,051 21,447 +6 . 96 

North Central 141,692 142,156 + .33 

South Central 85 ,436 86,023 +.69 

Great Plains 69 , 018 69,060 +. 06 

tlo rthwest 14,959 15,189 +1 . 54 

Southwest 19,321 19,588 +1.36 

The sharp increase in land use also is reflected in the land rents 

(marginal value products). The average land rent increases from $92 . 62 

per acre under unrestricted fertilizer use at high exports (Model 2.1 , 

Table 29) to $132 . 25 per acre after the fertilizer restrictions are imposed 

at high exports (Model 3 . 2 , Table 51). This is an increase of almost 43 

percent in land rent. Land rent in the North Central region increases 

from $112 . 08 per acre to $160 . 71 due to fertilizer-use restrictions at high 

exports. The largest relative change in land rent occurs in the South 

Atlantic region, where land rent increases by 73 percent as a result of the 

fertilizer use restrictions at high exports. 
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Table 51. Shadow prices (marginal value products) of alternative land 
classes by major zones under restricted nitrogen use at high 
exports in 1985 (Model 3 . 2) . 

Zone 

United States 

North Atlantic 

Sou th At 1 antic 

North Centital 

South Cent ral 

Great Plains 

No rthwest 

Southwest 

I , I I 

160.55 

47. 15 

122 .1 5 

176.07 

169.89 

133.80 

202 .90 

129.70 

Land classes 

I I IE , I VE I I I - IV 

(Doi Jars per acre) 

103.00 

27 . 29 

64 . 03 

143.58 

105.96 

77 . 32 

105.43 

83 .86 

99 ,86 

21. 98 

65 . 20 

108.79 

120.03 

80.33 

92 . 84 

82 . 45 

aExcluding other hay and pasture lands . 

Water use 

V-V I I I 

34. 10 

0. 00 

6,93 

39. 12 

83 . 97 

28.68 

48.66 

1 9. 78 

a Tota 1 

3 7. 19 

98.70 

1 60. 71 

1 3 7. 62 

100.78 

1 28. 1 6 

97. 38 

Total water consumption increases by 616,000 acre-feet from the 

unrestricted fertilizer use at high exports (Model 2.1) to 101.7 million 

acre-feet under the restricted fertilizer use at high exports alternative 

(Model 3.2) . Overall, the value of water increases from $18.93 per acre

foot under unrestricted fertilizer use at high exports (Model 2.1) to 

$21 . 50 per acre-foot under restricted fertilizer use at high exports (Model 

3.2), an increase of 13 percent in water prices. 
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Commodity prices 

In contrast to the results obtained under restricted fertilizer use 

at moderate exports (Model 3.1), restricted fertilizer use at high exports 

(Model 3.2) indicates a sharp increase in all commodity prices (Table 52). 

Nationally, the increases range from a rise of 16 percent for pork (from 

$56 .94 per cwt . in Model 2.1) to $66.23 per hundredweight under restricted 

fertilizer use at high exports in Model 3.2, to a high of 33 percent for 

oats (from $1.26 per bushel in Model 3 . 2). Other price increases include : 

sorghum grain, 25 percent; wheat, 28 percent; soybeans, 21 percent; and 

beef, 20 percent. Corn and cotton are the only crops which display a 

reduction in price . However, this is due to a simultaneous effect of 

export restrictions imposed on Models 2.1 and ~.3, and regional location 

production restrictions on the price of these crops and not to the effect 

of restrictions on fertilizer use . When export restrictions are not imposed, 

such in the case of Models 2 . 1 and 3 . 1 , all prices are higher under the 

restricted nitrogen alternative. 

The average per capita cost of food and fibers (includes raw endogenous 

commodities only), based on population of 242 million by 1985, increases 

from $192.06 per year under unrestricted fertilizer use at high exports 

(Model 2.1) to $233.40 per year under restricted fertilizer use at high 

exports (Model 3. 2) , an increase of 16 per~ nt. 
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Table 52. U. S. average commodity supply, location, and total prices 
under restricted nitrogen use at high exports in 1985 
(Model 3.2). 

Supply 
Conunodity Unit price 

Corn (8 u.) 2.74 

Sorghum (Bu. ) 3.33 

Bar 1 ey (Bu.) 3.26 

Oats (Bu . ) 1 . 68 

Wheat (Bu. ) 4. 18 
• 

Soybeans (Bu . ) 6.60 
Legume hay (Ton) 52 .26 

Nonlegume hay (Ton) 55.31 

Si 1 age (Ton) 1 7. 05 

Cotton (Lb . ) 0.49 

Pork a (Cwt . ) 65.71 

Mi 1 kb (Cwt. ) 6 . 81 

Beef a (Cwt . ) 106. 02 

aCarcass weight equivalent . 

bMilk equivalent . 

( Do 11 a rs 

Policy Implications 

Location 
price 

per unit) 

0. 1 0 

0.77 

0. 00 

0.00 

0.67 

O. 18 

5.28 

0.00 

2. 30 

0.07 

0.52 

0.67 

1 . 01 

-----
Total 
price 

2.83 

4. 10 

3.26 

1 • 68 

4.85 

6.78 

57.54 

55.31 

19.35 

0. 56 

66 .23 

7.48 

107.03 

The main purpose of the reduced fertilizer models is to evaluate 

the economic effects on U.S. agriculture of a reduction in the amount of 

commercial nitrogen used per acre as an environmental measure . This change 

would serve both energy conservation and environmental concerns. The 

reduction in nitrogen use is entirely a reduction in nitrogen purchased, as 

farmers essentially utilize all of the nitrogen available from legume crops 

and livestock residue before purchasing commercial fertilizer. The 
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analysis and the comparisons are made by observing the different effects 

which nitrogen, and therefore, all fertilizers could have on commodity 

prices, nitrogen, land, and water use at moderate exports (Models 1.2 and 

3 .1 ) and high exports (Models 2 .1 and 3.2). 

Land for nitrogen substitution 

The percent reduction in nitrogen use, as can be expected, is much 

larger under high exports (Figure 21). This is mainly due to higher rates 

of nitrogen application per acre under the unrestricted nitrogen use at 

high exports, resulting from the higher commodity prices. The r egional 

nitrogen-use reduction ranges from a low of 2.16 percent in the South 

Central region to 27 .08 percent in the Southwest under moderate export 

levels. The regional reduction in nitrogen use under the high export sit

uation, while higher on the average, has a smaller range between the lowest 

reduction and the highest reduction than is experienced with the moderate 

exports (Figure 21) . 

The increased land use, due to the fertilizer restriction, is expected 

to increase land rents. However, the magnitude of the increase in land 

rents is greatly dependent upon the export levels. Under restricted fertil

izer use at moderate export s , the national land rent increases only $1.46 

per acre . At the same time , under the restricted fertilizer use at high 

exports, national land rent is up almost 40 dollars per acre (Figure 22). 

The increase in land rents resulting from restricted fertilizer use varies 

greatly between r egions; the more productive regions display greater changes 

r 

, 
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Figure .21. Percent change in nitrogen use under moderate and high exports in 1985 . 
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Figure 22 . Change in land rent price under restricted nitrogen use at moder ate and high 
exports in 1985 . 

. - - ~-- •· • 



' I 

143 

in land ren ts. In summary , the imposition of fertilizer-use restrictions 

at high exports can be expected to have a substantial effect on land rents, 

the profitability of the agricultural industry, and eventually on the cost 

of food . 

Wa t er use 

The effect of a nitrogen restriction on water use is reflected 

through changes in the value of water rather than the amount of water used. 

This is due. to the relatively inelastic water supply assumed in the model 

after 1980. The characteristics of the value of water changes under re

stricted fertilizer use are quite similar to land rent changes (Figure 23). 

Only small increases in the value of water take place under restricted 

fertilizer use at moderate exports. On the other hand, under restricted 

fertilizer use at high exports, significant increases in the value of water 

occur in the western basins. The over all value of water rises by $2 . 57 

per acre-foot under restricted fertilizer application at high exports . 

For some river basins, however, the change in the value of water is sub

stantially higher (Ark.-White-Red, Lower Colorado, and Great Basin). No 

change in the value of water is seen for the Rio Grande River basin where 

the value of water (marginal value product) is the highest of all cases. 

This is due to the fact that the shortage of water in the Rio Grande basin 

is being satisfied by desalinization of sea water at $100 per acre-foot. 

World food costs 

In summary, the implications of the above results, as to the possible 

effect of fertilizer-use restrictions resulting either because of environmental 
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concern or because of an energy shortage, are highly dependent on the 

level of demand maintained when nitrogen use is rest r icted. The moderate 

export level presented is near the 1972-73 export levels of the agricul

tural connnodities . The r esults indicate that no great adverse effects 

can be expected on agricultural production in the long run if exports re

main at that level. Of cour se, if the supply of nitrogen is short for 

a given year , some reduction in yields and production can be expected for 

that year. However, given sufficient time, fa rmers could substitute other 

resources for nitrogen and alter their farming methods in such a way that 

more nitrogen will be supplied from legume crops and most of the nitr ogen 

in livestock residue will be returned to the soil. Under such circumstances , 

production, exports, and the cost of food can be back near their long-run 

trends. 

A completely different picture exists if nitrogen use is restricted 

at high export levels. We could expect a sharp rise in the food bill if 

exports r emain at the same high level. The higher price of farm products 

increases the farm level price of food and also increases farm income by 

a greater proportion than the increase in the magnitude of the consumers' 

food bill. 

The high cost of food also affects the balance of payments. Foreign 

buyers of U. S. produced food and fiber would need to pay $4.5 billion more 

than for the identical quantities purchased under the unrestricted nitrogen 

situation. This is a 14 percent increase in the cost of American food and 

fiber for importing countries. 
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