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FORWARD
 

Important interrelationships exist between domestic agricultural

policies and opportunities and public costs of international aid in the
 
form of food. 
 Since their outset, U.S. public policies for agriculture

have been of developmental nature. Up to 1930, the entire thrust of
 
U.S. agricultural policies was developmental in nature. They supposed

that greater farm income might be best attained through greater yields

and production. The developmental elements of early policies were re
flected in programs which increased the supplies of physical and
 
knowledge resources and kept their prices low.
 

As a consequence of these programs, the nation has been able to
 
produce more food than can be absorbed by domestic consumers and inter
national trade at prices acceptable to the farm public. To attain con
ditions which still allowed technological development of agriculture

but diverted consequences of gains to consumers (tbrough lower outlays

for food) at a sacrifice to farmers (through reduced farm income),

supply control programs have been in effect over a large proportion of
 
the last 40 years. Acreage withheld from crop production averaged

around 55 million acres over the last decade. But even with these land
 
retirement and supply control programs, the nation has been able to
 
produce crop outputs exceeding domestic and foreign demand at support

price levels. This capacity and the restrained level of supply control
 
attained has thus allowed a large proportion of U.S. international aid
 
to be in the form of food commodities. Shipment of food commodities
 
under P.L. 480 were high throughout the 1960's; for wheat, averaging
 
nearly a third of annual production.
 

Without P.L. 480 wheat, feed grain and cotton exports, an in
creased amount of land would have had to be retired during the 1960's
 
if the same level of domestic prices had been maintained. Hence, the
 
cessation of P.L. 480 food shipments would not necessarily reduce the
 
costs of domestic farm programs by a corresponding amount. Cessation
 
of exports under these programs, with domestic prices maintained at
 
the same level, would require offsetting public expenditures for a larger

land retirement program.
 

In other words, the choice may not be between (a) a land retire
ment program and P.L. 480 shipments of the magnitudes over the past de
cade, or (b) a land retirement program of this magnitude and no P.L.
 
480 shipments. Rather it may be a choice between the first and a
 
larger land retirement program to offset cessation of publicly assisted
 
food exports and maintain prices. Under the latter set of choices, the
 
public costs of food aid then may be marginal; since part or all of
 
the funds to support this international activity might (or would) be
 
needed for larger land retirement and supply control programs.
 

The study reported in this manuscript has been made accordingly.

Its objective is to measure the public costs of programs relating to
 



domestic agriculture when outlays are for varying levels and mixes of

land retirement and publicly assisted exports, and when supply con
trol is implemented through different types of land retirement programs.

Dr. Mayer also has indicated the potential costs at which food could be

provided recipient countries under different levels of P.L. 480 ex
ports and various alternatives in type of land retirement programs.
 

The results of this study indicate the need for further
 
analysis of interrelationships in domestic farm programs, food aid
 
and public costs. 
 Hence, we expect to conduct further analyses of

trade-offs inmagnitude of food aid programs and domestic supply con
trol and pricing programs.
 

Earl 0. Heady
 
Executive Director
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Introdu~tion
 

The capacity of U.S. Agriculture to produce quantities of major
 

grain commodities in excess of domestic and commercial export demand
 

has been evident to agricultural interest for several decades. 
Efforts
 

to remove this persistent problem have focused on two alternative types
 

of programs. One set of programs attempted to shift the aggregate
 

supply curve of farm commodities to the left through restricting the
 

land input on thousands of individual farms. The second set of
 

programs focused on shifting the aggregate demand curve to the right
 

through programs to increase the quantities of food utilized by million
 

of individual consumers, both at home and abroad. 
These two sets of
 

programs have been carried forward together as a 
means of relieving the
 

pressures on the agricultural sector to adapt its resource base to the
 

new technological plateau on which farming operations rest. 
Programs of
 

supply control have received the most attention in recent years (and the
 

most public funds). But large amounts of public funds have also 
 been
 

expended on programs of export food distribution.
 

Programs of enlarging exports of major crops under special kinds
 

of financing were officially initiated in 1954 under the Agricultural
 

Trade Development and Assistance Act (Public Law 480, 83rd Congress).
 

P.L. 480 programs provided that surplus farm commodities could be sold to
 

foreign countries under special terms, or in some cases, simply donated. 

Under the special terms provision, commodities were provided to countries 

;.for payment in their own currency. Under the donation provision,
 

supplies of food commodities could be given to victims of disaster. Pro
vision was also made for food supplies to move through welfare
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organizations to persons otherwise unable to fill their need for food.
 

A later addition to the program allowed sale of commodities for long
 

term credit at low interest rates and with eventual payment in dollars.
 

The introduction of export promotion programs in the 1950's grew
 

out of price and income difficulties in the agricultural sector. 
Partly,
 

these problems were a carryover of the enlarged production base of the
 

World War II period as well as 4 result of the sharp decline in export
 

markets after the Korean conflict. 
 But besides these two sources of
 

imbalance, the agricultural sector achieved a rapid growth in producti

vity after 1950. By 1959, few disagreed with Cochrane when he pointed
 

out that, "...the aggregate output of agriculture is outdistancing a very
 

rapid rate of population growth in the United States by more than one

half of one percent per year. 
And where the income elasticity of raw
 

farm products approaches zero, as in the United States, this imbalance...
 

properly measures the additional pressure of supply on demand each year,
 

hence measures the increased downward pressure on farm prices (or, under
 

price supports, the widening of annual rate of surplus).-!/ 
The downward
 

pressures on farm prices resulted in a major emphasis on two policy
 

alternatives: 
 increased shipments of farm commodities to foreign markets
 

and reduced acreages of land for major crops. 
Demand expansion programs were
 

initiated in 1954 to increase exports to nations recuperating from the
 

effects of World War II and the Korean Conflict; land retirement programs
 

were instituted in 1956 to reduce total acreages of crops and slow growth
 

in aggregate output.
 

/ illard VT. Cochrane. "Farm Technology, Foreign Surplus Disposal and
Domestic Supply Control." 
 Journal of Farm Economic Vol. XLI, No. 5
 
December, 1959, p. 886.
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Long-Term Trends in Agricultural Trade
 

Placed in the perspective of a century of world trade, the decade
 

after P.L. 480 was initiated has brought some startling changes in total
 

shipments of agricultural commodities between countries. 
After P.L. 480
 

programs started in 1956, both U.S. exports and world trade in agri

cultural commodities increased considerably. In the next decade, world
 

trade in wheat doubled and the proportion of world wheat exports supplied
 

by the U.S. increased from 33.5 to 38.5 percent 
 (Table 1). Feed grains
 

(corn, barley, and oats) also followed a similar trend; world trade more
 

than doubled over the period and the proportion shipped by the United
 

States rose from 30.3 percent to 47.5 percent.
 

Besides the more recent changes in agricultural trade, some sub

stantial shifts in individual country food situations also occurred over
 

the last century. 
 At one period of history, India accounted for 10 per

cent of the world trade in wheat. This has dwindled and today that nation
 

is an importer of this commodity. Another historical feature of agri

cultural trade has been the change in exports of wheat from Russia. 
After
 

1917, exports of wheat nearly ended and only recently have they shown a
 

tendency to increase. A similar trend is evident with feed grains.
 

Exports dropped sharply after 1917 and only in recent years has Russia in

creased its share of feed grain exports. A downward trend is also evident
 

in farm exports from the Danube countries (which include most of western
 

and Eastern Europe). Exports of both wheat and feed grains from these
 

countries have dropped over the last century.
 

Besides the United States, two remaining nations -- Argentina and 

Australia -- export sizeable quantities of wheat and feed grains. 
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Table 1 . Percentage distribution of annual world exports (Gross) of wheat
 
and feed 	grains 1854-58 to 1962-66.
 

Wheat
 

Country 	 1854-58 1884-88 1909-13 1924-28 1934-38 1952-56 1962-66
 

Percent
 

United States ..... 24.9 35.8 14.5 22.1 8.0 33.5 38.5 
Canada ............ 6.4 1.2 12.6 35.2 27.9 31.3 23.4 
Russia ............ 12.0 25.3 22.3 2.1 4.2 2.6 6.4 
Danube Countries.. 9.8 18.6 15.8 4.2 7.6 1.1 2.2 
Argentina ......... ... 1.4 13.2 16.8 19.3 8.8 7.4 
Australia ......... 	 2.4 6.9 10.6 16.4 9.8 11.4
 
India............. 3.2 10.1 7.1 2.1 1.6
 
Other ......... 43.7 5.2 7.6 6.9 15.0 12.9 10.7
 

Total 	 100.0 100.0 100.0 100.0 100.0 100.0 100.0
 

Metric tons
 
(000's) 2,544 91500 19,696 23,852 17,332 27,142 55,489
 

Feed Grains
 

Percent 

United States..... 16.8 20.3 9.2 10.0 7.8 30.3 47.5 
Canada............ 2.6 4.0 1.9 7.9 3.2 20.2 2.9 
Russia........... 16.8 36.4 36.2 3.7 3.1 2.6 4.8 
Danube Countries.. 26.9 24.4 17.3 15.8 11.1 3.2 4.4 
Argentina ......... ... 3.7 23.2 44.9 53.3 14.2 11.4 
Australia......... 0.2 0.6 5.0 2.3 
Other ............. 36.9 11.2 12.2 17.5 20.9 24.5 26.7 

Total 	 100.0 100.0 100.0 100.0 100.0 100.0 100.0
 

Metric tons corn 535 2,590 6,800 8,452 10,049 5,386 22,745
 
Metric tons barley 350 1,910 5,536 3,541 2,655 5,900 6,933
 
Metric tons oats 272 1,414 3,041 1,658 878 1,511 1,429
 

(000's1)
 

Total (000) 1,157 5,914 15,377 13,651 13,582 12,797 31,107
 

Source: 	 Data for 1854-58 to 1952-56 are from Robert M. Stern, "A Century of
 
Food Exports," in Foreign Agricultural Trade, Selected Readings, Iowa
 
State University Press. Ames, Iowa. 1966; data for 1962-66 are from
 
FAO, Trade Yearbook, Rome, 1967.
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Australia has more recently become a major wheat exporter and in recent
 

years'has* ranked third in the world. While agricultural exports from 

the U.S. have increased since the initiation of P.L. 480, it is also true
 

that as early as 1885, the United States provided one-fourth of world
 

wheat exports and one-fifth of world feed grains exports. Only during
 

1934-38 did U.S. wheat shipments fall below 10 percent of total world
 

trade indicating the severe effecte of economic conditions on trade
 

between nations. However, world feed grain trade during this period re

mained fairly stable.
 

Food Production and Land Use
 

The favorable level of exports from the U.S. indicates that total
 

agricultural production has far exceeded domestic needs. 
That favorable
 

record has largely resulted from two factors: A supply of land resources
 

which has been relatively elastic even at constant or declining
 

commodity prices, and the continuous introduction of various kinds of
 

yield-increasing technologies which doubled production per crop acre
 

between 1910 and 1960. Over the decade 1952-56 and 1962-66, yields in

creased at such a rapid rate that major crop acreages could be reduced by
 

43 million acres (Table 3) and still have total farm production rise by
 

15 percent. Production per acre increased 28 percent over the decade.
 

The reduction in harvested crop acreage under government programs
 

resulted largely from overproduction of a few specific crops. Wheat acre

age in the early 1950's totaled over 70 million acres as high prices held
 

over from World War II encouraged enlarged plantings. By 1962-66, acreage
 

quotas had reduced harvested wheat acreage by some 10 million acres al

though total production continued to climb.
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Table 2. Acreages, yields, and production of major crops inlnited States with
 
export acreages and prices received by producers. 

1854-58 1884-88 1909-13 1924-28 1934-38 1952-56 1962-66
 

All Crops
 

Harvested Acreage..... n.a. n.a. 329 359 334 341 298 
Export Acreage........ 
Crop Failure Acigage.. 
Production/Acre-7,,.. 
Total Production-i... 

n.a. 
n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 
n.a. 

36 
10 
69 
64 

50 
14 
69 
72 

22 
33 
64 
68 

42 
15 
90 
95 

72 
8 

118 
110 

Wheat 
Harvested Acreage ..... n.a. 36.3 48.1 56.1 55.4 58.1 47.5 
Export Acreage ........ 
Yield/Acre ............ 

n.a. 
n.a. 

5.8 
13.2 

3.7 
14.2 

8.9 
14.7 

2.2 
12.9 

15.4 
18.6 

27.1 
25.9 

Total Produc ion...... 
Price/bushel.......... 

n.a. 
n.a. 

479.9 
.73 

681.7 
.87 

826.4 
1.20 

715.6 
.65 

1,080.4 
2.04 

1,231.0 
1.63 

Cotton 
Harvested Acreage ..... 
Export Acreage ........ 
Yield/Acre ............ 
Total Production ...... 
Price/Pound ........... 

n.a. 
n.a. 
n.a. 
3.1 

n.a. 

18.3 
5.7 
.36 
6.6 

8.52 

33.0 
11.2 
.39 

13.0 
12.01 

41.8 
12.2 
.36 

15.0 
18.29 

28.4 
6.7 
.45 

12.7 
10.26 

20.4 
2.7 
.72 

14.7 
32.91 

13.4 
4.0 

1.04 
14.0 

29.14 

Feed Grains
4 / 

Harvested Acreage ..... n.a. 168.6 145.4 150.9 140.8 128.5 88.4 
Yield/Acre ............ 
Total Production ...... 
Price/Ton ............. 

n.a. 
n.a. 
n.a. 

.40 
66.8 

13.68 

.65 
94.9 

22.24 

.52 
77.9 

36.16 

.54 
75.4 

23.72 

.93 
119.4 
48.93 

1.53 
135.6 
40.83 

Source: United States Bureau of the Census. 
Historical Statistics of the United
 
States, Colonial Times to 1957, a statistical abstract supplement,

Washington, D. C. 1960; and the Statistical Abstract 1964-68 issues.
 

1/ Acreages are million acres, yields per acre are bushels for wheat, pounds for
 
cotton and tons for feed grains, total production is million bushels for wheat,

million bales for cotton and million tons for feed grains.


2/ Simple 5 year average of published production index, 1957-59 = 100.
 
3/ Weighted 5 year average.

4/ Corn, oats and barley; grain sorghum is not included.
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Wheat was not the only crop to feel the effects of increased yields
 

and reducedacreages during the 1950's. Feed grains yields also rose
 

consistently. By 1962-66, yields of feed grain were 75 percent above a
 

decade earlier. Acreages were reduced from 128 million acres 
in 1952-56
 

to 88.4 million acres by 1962-66.
 

As with wheat and feed grains, cotton acreage in the United States
 

also tapered off after World War II. By 1962-66, only 13.4 million acres
 

of cotton were harvested in the United States. Production of cotton re

mained relatively constant and in 1962-66, 14.0 million bales were
 

harvested. 
Cotton prices trended upward for most of this period. In
 

recent years, government programs reduced the market price and sub

stituted direct government payments to maintain total revenue per bale of
 

cotton.
 

From a historical perspective, total crop acreage in the United
 

States trended downward over the last several decades. Harvested acreage
 

of all crops reached a high of 359 million acres in the period 1924-28
 

with production from 50 million acres entering export markets. Total acres
 

of harvested crops tapered off during the 1934-38 period as a result of
 

weather and severe economic conditions. But the decline in total
 

harvested acres of crops in this period was only temporary and large in

creases took place during World War II. Crop acreages remained large
 

through 1954 as the Korean Conflict provided demand for most commodities.
 

Export acreage totaled 42 million acres between 1952-56 with prices for
 

major commodities at record levels.
 

The decade after the Korean Conflict saw a rapid decline in acre

ages harvested. Total crop acreage harvested fell below 300 million
 

acres, a twentieth century low. Wheat acreage totaled'47.5 million acres,
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feed grains 88.4 million acres, and cotton 13.4 million acres, a total
 

of 149 million acres in the period 1962-66. Between 1924-28 and 1962-66,
 

these crops used nearly a hundred million acres less cropland, falling
 

from 248.8 million acres to 149.3 million acres. Fortunately, for entre

preneurs with large investments in farmland, other crops expanded some,
 

notably soybeans and grain sorghum, and government programs removed large
 

acreages of cropland from potential production. Instead of a large re

duction in land prices as might have been expected, land prices continued
 

to climb throughout most of this period.
 

Land Diversion and Government Export Programs
 

While land diversion programs removed a large amount of potential
 

production after 1956 (Table 3) a significant part of the remaining pro

duction was moved into foreign markets under P.L. 480 programs. Some
 

production also went into domestic programs of supplementing diet of low
 

income families. But a much larger portion was shipped into foreign
 

markets under P.L. 480 programs.
 

Wheat has been the major crop exported under government programs of
 

special financing (Table 4). Over 40 percent of U.S. wheat production
 

moved under government programs in some years since the inception of P.L.
 

480. A much smaller proportion of feed grains, less than 3 percent in
 

most years, moved under these programs. Primarily this small proportion
 

results because most feed grains are used domestically, less than 15 per

cent of feed grains production is exported. Over 50 percent of the
 

wheat crop has been exported in some recent years.
 

The history of land diversion and export programs point up that
 

supply reduction and demand expansion represent two alternative methods
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Table 3. Cropland diversion ,under specified programs, 1956-68. 

Program
 
Conser- Crop- Cropland


1 Feed Acreage vation land Adjurt-
Year. Total .Wheat- Grains Cotton Reserve Reserve Conversion ment 

(million acres) 

1956 13.6 --- 12.2 1.4 --

1957 27.8 ... ... ... 21.4 6.4 

1958 27.1 ..--- --- 17.2 9.9 

1959 22.5 ... ..--- - 25.5 

1960 28.7 --- --- --- 28.7 

1961 53.7 --- 25.2 ---. 28.5 ...... 

1962 64.7 10.7 28.2 ---. 25.8 ... 

1963 56.1 7.2 24.5 --- 24.3 0.1 --

1964 55.5 5.1 32.4 0.5 --- 17.4 0.1 --

1965 57.4 7.2 34.8 1.0 --- 14.0 0.4 

1966 63.3 8.3 34.7 4.6 --- 13.3 0.4 2.0 

1967 40.8 --- 20.3 4.9 --- 11.0 0.6 4.0 

1968 47.8 --- 31.0 3.0 --- 9.2 0.6 4.0 

Source: United States Department of Agriculture. Agricultural Statistics 1968.
 

I/ Wheat acreage diversion is voluntary diversion only and does not include
 
required diversionffor participation in price support programs. In 1968,
 
required diversion is estimated to total million acres.
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Table 4. Exports of major cereals under P.L. 480 programs, 1954-67.
 

Year 
Begin-
ning 
July 

Sales 
for Foreign 
Currency 

or Long-term 
Dollar Credit 

Disaster 
Relief, 
Foreign 
Donations 
and Other 
Assistance Barter 

Total 
P.L.480 

Shipments 
Total 

Production- Production 

Percent 
P.L.480 

,1Exports of 

H 2/ 

1954 23,802 16,954 46,459 87,215 983,900 8.86
 
1955 94,347 14,652 66,716 175,715 937,094 18,75
 
1956 200,536 23,924 87,086 311,546 1,005,397 30.99
 
1957 179,023 31,688 9,807 220,518 955,740 23.07
 
1958 227,914 31,732 20,062 279,708 1,457,435 19.19
 
1959 300,648 32,827 25,662 359,137 1,117,735 32.13
 
1960 327,214 61,499 34,090 422,803 1,354,709 31.21
 
1961 386,396 63,316 41,337 491,049 1,232,359 39.85
 
1962 413,065 58,721 6,493 478,279 1,091,958 43.80
 
1963 400,102 69,076 35,167 504,345 1,146,821 43.98
 
1964 500,633 55,932 12,441 569,006 1,283,371 44.34
 
1965 459,675 65,957 45,522 571,154 1,315,613 43.41
 
1966 253,535 51,739 67,351 372,625 1,311,702 28.41
 
1967 331,534 13,828 80,352 425,714 1,522,382 27.96
 

FEED GRAIN

1954 153 87 529 769 114,073 0.67
 
1955 551 46 3,493 4,090 120,846 3.38
 
1956 805 295 2,318 3,418 119,308 2.86
 
1957 1,110 434 359 1,903 132,424 1.44
 
1958 1,401 362 590 2,353 144,121 1.63
 
1959 1,375 373 1,101 2,849 149,605 1.90
 
1960 1,031 578 957 2,566 155,618 1.65
 
1961 1,038 840 1,193 3,071 140,626 2.18
 
1962 840 451 741 2,032 142,899 1.42
 
1963 995 501 277 1,773 156,432 1.13
 
1964 861 451 385 1,697 134,200 1.26
 
1965 1,659 452 236 2,347 157,400 1.49
 
1966 3,500 412 426 4,638 157,600 2.64
 
1967 1,758 485 659 2,902 175,100 1.66
 

l/ Calendar year.
 

2/ Thousand bushels.
 

3/ Includes corn, oals, barley and grain sorghum in thousand tons.
 



of handling excess production capacitylof U.S. agriculture. The U.S. 

has developed two specific set of programs, one to remove excess land 

resources from agricultural production, and a second to absorb the com

modities produced in excess of domestic and commercial export demand. 

Together these two programs have jointly managed to slow the outflow of 

resources from the agricultural industry brought on by rapid intro

duction of new innovations. As was pointed out in 1966, "what the U.S. 

has today is not surplus production but reserve acreage. This reserve 

acreage can be returned to production as needed -- to produce for U.S. 

/ ' 
use, commercial exports, and food assistance exports".- These various 

programs provide the agricultural sector with insurance against large
 

economic fluctuations. They represent an attempt by society to offset
 

some of the harsh economic and social losses to farmers growing out of
 

the private and public creation of yield-increasing innovations which
 

greatly increase potential production in agriculture, place downward
 
d 

pressure on prices received by producers and reduce the need for labor
 

in agriculture.
 

Costs of Supply Control and Demand Expansion
 

Programs
 

Costs of programs to restrain production and increase demand have
 

increased substantially since their inception. In the first full year
 

of operation of P.L. 480, this program had a total cost of $430.9
 

million for purchase, shipment and distribution of commodities in
 

recipient countries (Table 5). This cost doubled in the second year of
 

1/ 	United States Department of Agriculture. The New Food Aid Program. 
Washington, D.C. November, 1960' 
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Table 5. 	 Gross cost of financing programs carried out under the Agricultural
 
Trade Development and Assistance Act of 1954 through Dec. 31, 1967.
 

Title I Title II-Donations Title III
 

Famine and 	 Bartered
 
Year Sales for Long-term other Voluntary materials for
 
beginning foreign credit sales emergency agency supplemental
 
July 1 currencies for dollars relief programs stockpile Total
 

(millions of dollars)
 

1954 129.5 - 86.9 214.5 - 430.9 
1955 624.2 - 93.6 271.2 - 989.0 
1956 
1957 

1,396.4 
1,144.7 

-
-

124.9 
121.4 

234.1 
254.3 

217.3 
83.9 

1,972.7 
1,604.3 

1958 1,113.3 - 97.9 178.7 314.7 1,704.6 
1959 1,308.0 - 95.5 130.8 192.4 1,726.7 
1960 1,557.3 - 198.6 169.3 200.5 2,125.7 
1961 1,606.1 29.0 241.9 191.7 193.3 2,262.0 
1962 1,739.4 80.3 215.6 238.8 99.7 2,373.8 
i963 1,636.2 65.1 228.2 341.6 37.7 2,308.8 
1964 1,505.8 211.0 147.2 174.6 40.6 2,079.2 
1965 1,287.8 274.6 222.5 148.3 25.8 1,959.0 
1966 1,067.8 221.7 335.9 34.2 32.5 1,692.1 
1967 312.6 123.3 120.0 - 10.3 566.2 
1968 
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operation and again the next year. It reached a high.in 1962 when total
 

outlays were -$2,373.8 million but tapered off after that.
 

Land use and price support programs also increased sharply after
 

the initialyears of Operation. In 1956, these programs had a total cost
 

of $554 million (Table 6) with over half being spent on conservation and
 

price support programs. After 1956, costs for these programs rose,as
 

the Soil Bank Program was expanded to restrain total crop production.
 

As acres retired increased in 1957, total costs doubled, reaching over
 

$1 billion. While this trend was temporarily reversed in 1959 and 1960,
 

it resumed after 1961 and reached $2 billion by 1964 and $3.5 billion by
 

1968. For this level of expenditure, some 50 million acres of cropland
 

were held out of production; other acres of'cropland were improved
 

through conservation practices and farmers receive price supports in the
 

form of direct payments on portions of the remaining production.
 

Together, program costs for price support, supply control and export
 

expansion totaled nearly $50 billion during the period 1956 to 1968. On
 

the benefit side these programs assisted U.S. agriculture in the
 

structural adjustment problems growing out of the introduction of labor

saving output-increasing innovations and provided supplies of food to
 

less fortunate people in cther nations of the world. Society, through
 

various kinds of government programs, placed limits on the amount and
 

rate of structural adjustment required of the agricultural sector and as
 

a mutually beneficial policy, set up programs to supplement diets of
 

millions of less fortunate human beings. The combination of programs used
 

,indicates that both supply reduction and demand expansion are feasible al

ternatives for dealing with the welfare and food producing capacity of
 

the agricultural sector.
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Table 6. Government payments to farmers under various land use And price
 
support programs, 1954-68.
 

Calen- Conser- Soil Feed 
dar vation Sugar Wool bank grain Wheat 
Year program Act program program program program Cotton Total-= 

(million dollars)
 

1954 217 40 
 .- 257 
1955 188 41 - -  - - 229 
1956 220 37 54 243 - - - 554
 
1957 230 32 53 700 -  - 1,016
 
1958 214 44 14 815 - - - 1,089
 
1959 228 44 82 
 323 - - - 682
 
1960 217 50 51 370  - - 693
 
1961 230 45 56 334 772 42 
 - 1,484 
1962 224 54 54 304 841 253  1,736
 
1963 222 57 37 3049

/ 843 215 - 1,686
 
1964 227 67 25 199 1,163 483 39 2,169
 
1965 215 64 18 160 1,391 525 70 2,452..
 
1966 220 60 34 145 1,293 679 773 3,266z'
 
19675 226 62 29 129 865 731 932 3,071A/
 
1968= 215 64 66 114 1,366 747 787 3,452-'
 

1/ 	Includes Great Plains conservation payments since 1958.
 

2/ 	Includes land-use adjustment program and cropland conversion and Appalachia
 
programs.
 

3/ 	Includes cropland adjustment program.
 

4/ 	Preliminary.
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Methodology for Estimating Net Costs.of U.S. Food Aid
 

This study develops a model to measure the net cost of food ship

ments under P.L.480. The model simulates the.production-marketing and
 

exportation of food shipments within the conditions now existing in the
 

agricultural sector. These conditions include the two major alterna

lcives open to policy makers described previously. One alternative is
 

the lowering of total production from agriculture through various
 

supply control programs. The second alternative is to provide a
 

quantity of agricultural output for shipment under government programs.
 

Each alternative policy has a set of costs associated with it. The
 

objective of this model and analysis is to place these alternative
 

policies and their costs in relationship to each other and develop a
 

perspective for planning a future set of policy elements for the nation.
 

The U.S. has for some years given sizeable amounts of aid to other
 

nations, both in the form of monetary resources and aid-in-kind. In
 

1966, 30.7 percent of U.S. aid was shipments of food commodities under
 

P.L. 480 programs (Table 7). Technically, these shipments were sales
 

for local currency or long term credit but the preponderance of evidence
 

is that a sizeable portion of such shipments will eventually turn out to
 

be a form of economic aid. Even for that portion for which repayment is
 

likely, the pricing policy should reflect the long term ability of
 

nations to repay and the realistic U.S. government cost of such aid.
 

At least in the near future, the policy alternatives open to the
 

U.S. government are limited. Through a long series of public decisions,
 

the nation has specified a set of public programs to maintain the social
 

http:Costs.of
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Table 7. United States Economic Assistancl/to other regions of the world,
 
by kinds during Fiscal Year 1966-'
 

Percent Percent
 
Region P.L.480
 

Total of Total of Total
 
Economic Kind of Economic Assistance 1/ Assist- Assist-


Region Assistance Loans Grants P.L.480 Other- ance ance
 

million dollars Percent
 

Near East-

South Asia.....1,474.5 548.2 74.2 823.9 28.2 26.2 55.9
 

Latin America...1,387.7 505.4 142.0 202.2 538.1 24.7 14.6
 

East Asia./...... 1,264.9 76.6 761.5 292.6 134.2 22.5 23.1
 

Africa.......... 388.3 88.9 80.6 141.8 77.0 6.9 36.5
 

Europe .......... 468.0 -.3 -.2 205.4 263.1 8.3 43.9
 

Other ........... 631.8 0 266.2 60.1 305.5 11.2 9.5
 

Total........ 5,615.2 1,218.8 1,324.2 1,726.0 1,346.1 100.0 30.7
 

Source: 	 Agency for International Development. Proposed Foreign Aid Program
 
FY 1968. U.S. Govt. Printing Office. Washington, D.C. May 1967.
 
Tables No. 1 and No. 2.
 

a/ 	Does not include military aid which totaled $1,046 million in 1966
 
(Statistical abstract of the United States, 89th edition, 1968).
 

b/ 	Includes Export-Import Bank long term loans; Peace Corps, supplementary
 
contribution to the Inter-American Development Bank and the International
 
Development Association; and other miscellaneous programs.
 

c/ 	 Includes Vietnam. 
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welfare of our agricultural sector and assure the nation of an abundant
 

supply of food. To achieve -this purpose, a large acreage of land is re

tired under government programs for temporary periods of time. Two
 

possible alternatives exist for this land: it can be used to produce
 

for non-commercial export markets or it can continually be retired from
 

production under government programs. In the past, a combination of
 

these programs was adopted based partially on available government re

venue and partially on the magnitude of food needs in other countries.
 

To measure the net cost of food shipments under the two alternative
 

use of land and other resources, (retirement or subsidized exports), a
 

linear programming model was developed to simulate resource use of the
 

agricultural sector and the purchase and shipment of agricultural com

modities under P.L.480 programs. The major resource restraint in the
 

model is cropland, since this resource forms a basic input in the crop
 

production process and has been used as the major mechanism for con

trolling the aggregate supply of agricultural commodities. Through
 

government programs for agriculture, the supply of cropland for indivi

dual farms and for the nation has become institutionalized. Production
 

units have specific allotments for production of certain crops. When the
 

available base or national allotment for certain crops has resulted in
 

over production at supported price levels, the governqient has purchased
 

excess acres of allotment from the producer to reduce aggregate pro

duction,
 

Concepts included in the model
 

The institutionalization of the supply of land resources in the
 

past several decades has in effect placed a two-way restraint on the total
 



land resources available for major crops. One restraint arises because
 

available cropland is limited for any given level of technology. This
 

restraint takes the form
 

x1 +x 2 + ...+x n <L, ()
 

where xi represents the amount of land used in the production of crop
 

i; (i=l,...,n). Thus, land use in the production of crops cannot ex

ceed total available cropland, L. Under conditions where land re

sources required for crop production are less than total land available,
 

the inequality of this restraint holds and excess land resources remain
 

idle.
 

With the institutionalization of land use in the United States,
 

excess land resources are no longer forced by the market to lie idle but 
are
 

removed from production u:ider government programs. This new type of re

lationship in resource use must be accounted for in a model for
 

evaluating use of land resources. An additional land using activity
 

must be defined so that
 

x1 + x2 + ...+ xn + r=L (2)
 

where x1,
x2,...,x n denotes acres of crops, and r is retirement of acres
 

of cropland under government programs. These activities must use all
 

cropland available. If all land is required for production to meet
 

potential demand, then retirement activities remain at zero level. How

ever, ifpotential production exceeds demand, then retirement activities
 

absorb the excess cropland.
 

Whether cropland is used for production of a crop or is retired
 

under a government program, there are costs associated with its use.
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These costsmay be expressed Ina cost function,
 

C =: ci xi + c r (3)
 

which specifies that retiring each unit of cropland under the J-th
 

program costs cj, 
and each unit used for the i-th crop costs ci To
. 


derive a net cost of using cropland for production of the i-th crop,
 

Equation (2) can be solved for r and substituted into Equation (3)
 

giving
 

C - cixi + cj (L -zx ), 
 (4)
 

and total cost becomes a function of the total supply of land and total
 

acres of crop production. Equation (4) can be rearranged as
 

C f E (c, - c4) x, + c, L. 
 (5)
 

which denotes that the cost of each unit of xi is the cost of crop
 

production, ci, less the cost of retiring the same cropland, cJ, 
 Thus
 

the net cost of producing an acre of crop is
 

NC = - cj.
ci (6)
 

The net cost per unit of production may be found by dividing Equation
 

(6) by the yield per acre of the i-th crop.
 

The concept of net cost outlined above is an integral part of the
 

linear programming model for this study.-
 As used, it represents a
 

means of estimating the net cost of using marginal units of cropland
 

for supplying food to other nations under P.L.480 as opposed to retiring
 

the cropland from production under government programs. Further it
 

provides a basis for developing pricing policies for future food sales
 

under the Food Aid Act of 1966.
 

1/ For a complete description of the mathematical model used see Appendix A.
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Model Parameters
 

Several sets of parameters are estimated for the model. These
 

include (1) output coefficients for each crop production activity for
 

each of the 150 production areas, (2) cost coefficients for each
 

activity in the model including crop production, land retirement, com

modity substitutions, inland transportation and international
 

shipping, (3) cropland restraints for each region and crop included in
 

the analysis, and (4) domestic and export demand levels for each
 

commodity. A short explanation of each set of parameters will provide
 

a background from which to evaluate the later analytical results.
 

Output Coefficients. Output coefficients are estimated for each
 

major crop activity for each of the pcoduction areas in which the crop 

is acclimated. The coefficients representing yields per acre are
 

estimated for 1970 using linear equations on post 1948 time series
 

data for each state. To derive yield estimates for each of the 150
 

production areas, state yield estimates are adjusted by indexes of
 

region to state ratios of yields to reflect variation among production
 

areas within each particular state. These estimates of yields for each
 

crop production area are used for both activities which satisfy
 

domestic and commercial export demand and for those activities which
 

provide commodities for P.L. 480 programs.
 

Activity Costs. Activity costs are estimated for each activity
 

included in the model. For crop production activities, per acre costs
 

of production are estimated for each crop in each production region.
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The formulation used is 

Cj pml + r + fs W, + ioij + dq (18) 

where c1j is production cost per, acre :forthe J-th crop in the i-th 

production area, and
 

pm is power and machinery costs
 

lr is labor requirement costs
 

fs is fertilizer and seed costs
 

w is irrigation costs for water, if any
 

io is interest costs on operating capital, and
 

dq is drying and storage costs.
 

All costs are measured in 1966 prices and reflect no allowance for in

flationary factors which may have occurred through the projection year
 

1970.
 

For commodity substitution activities, costs are based on factors
 

involved in using wheat as a feed instead of as a food grain. The
 

adjustments in enterprise operation necessary to shift from feeding coarse
 

grains to feeding wheat have an economic cost because of differences in
 

allowable portions of wheat and coarse grains in rations. Further,
 

government programs maintain a cost differential between wheat and coarse
 

grains. Activity costs for wheat-feed grain transfers reflect these con

siderations.
 

Activity costs for transporting wheat, feed grains and soybeans
 

between the 31 demand regions are based on railroad rates for transporting
 

agricultural commodities between destinations. Data were obtained from
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/
several sources. No costs are estimated for transportation of cotton
 

since most cotton is ginned within the demand region where produced.
 

Cropland Restraints. Cropland restraints ar based on historical 

harvestediacreages of the crops included in the model -- wheat, feed 

grains (including corn, oats, barley and grain sorghum), soybeans, and 

cotton. These restraints are based on acreages harvested over the pe

riod 1952-54 when crop acreages were at recent maximums. Since 1952-54, 

production of one or more of these crops has been restricted by govern

ment programs and total acreages have been at a lower level. Acres no 

longer required have been retired under government programs but remain 

available for production of crops if control programs are terminated. 

The acreage base for wheat, feed grains, soybeans and cotton totals 241.1 

million acres. As was evident from Table 3, a sizeable proportion of this 

base has been retired from production in recent years.
 

Commodity Demands. Total demand for the specified commodities
 

includes domestic demand, commercial export demand and shipments under
 

government programs. Domestic demand is estimated for 1970 based on
 

domestic population size and average per capita consumption levels for
 

direct consumption demand. For feed grains and oilmeals, a derived de

mand is estimated based on demand for livestock and livestock products
 

and historical trends in feed conversion rates. Demand for domestic con

sumption of each commodity is constant throughout the analysis.
 

sources include: Ulrey, lyon W. The Economics of Farm Products Trans
portation, Marketing Research Report No. 843, Economic Research
 
Service, United States Department of Agriculture. Washington, D.C.,
 
1969, Skold Melvin D. Programming Regional Adjustments in Grain Pro
duction to Meet Changing Demands. Unpublished Ph.D. Thesis, Iowa
 
State University Library, Ames, Iowa 1963; and Wright, Bruce H.
 
(private communications) Iowa State University, Ames, Iowa 1968.
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Commercial export demand is estimated'for :1970,based on trends of
 

recent years. Commercial exports are defined as,unassisted sales as 

well as t:hose with government assistance .in the form'of (a) extension
 

of credit and credit guarantees for relatively short periods, (b) sales
 

of government-owned commodities at less than domestic market prices, and
 

(c) export payments in cash or in kind.
 

Noncommercial export demand which includes P.L. 480 programs is
 

the major variable in the model. Demand from this source fcr each com

modity -- wheat, feed grains and cotton -- is varied from a zero level 

of shipments to a level in excess of past or expected levels of shipment. 

As each commodity is considered, demand levels for the other two
 

commodities are set near recent levels. For example, when demand levels
 

for wheat under P.L. 480 programs are varied from zero to 525 million
 

bushels, demand for feed grains under these programs is set at 3.0
 

million tons and .cotton at 2.0 million bales.
 

Demand levels for each of the commodities included in the model are
 

specified in Table 8. Average commodity utilization levels are provided
 

for the 1966-68 marketing years and projected for the 1970 marketing year
 

Analytical Procedure
 

The model developed for this study uses linear equations to express
 

all relationships, The model includes activities which simulate the pro

cesses of crop production --government purchase - storage and shipment of 

commodities under P.L. 480 programs,. A considerable number of govern

mental decisions are required before the eventual.shipment of commodities
 

to recipient countries under P.L. '480 programs (See.Figure 1). Inthe 



Table 8 . Demand levels specified for Domestic use, Commercial Export, and varying levels of food aid under P.L. 480. 

1966-68 Marketing Year Projected 1970 Marketing Year
 
Domes- Commer- Domes- Commer-


Commodity tic cial Other tic cial Level of P.L. 480 Exports
(Million) Use Exports Exports1/ Use Exports 0 1 2 3 48 E6xpr
5 


Wheat (bu.) 585- / 301 433 591- / 300 0 75 150 225 300 375 450 525
 

Feed Grains (tons) 144.6 19.2 2.1 145.4 22.0 0 1.5 3.0 4.5 6.0 7.5 9.0 10.5
 

Cotton (bales) 8.9 1.6 2.3 9.1 1.5 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
 

4
Oilmeals3/ (tons) .22.8 10.0 4/ 24.1 12.2 a a a a a a a a
 

1/ Includes exports under P.L. 480, programs for barter and other exports financed by the U.S. Government.
 

2/ Does not include feed for wheat.
 

3/ Includes both soybeans and cottonseed.
 

4/ Oilmeals exports under P.L. 480 are included with commercial exports.
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I Step 1 

, . PROJECTION OF SUPPLY-


DEMAND SITUATION
 

Step 6 Step 2 
SHIPMENTS SALES FOR ESTIMATION OF 
UNDER P.L. 480 DOMESTIC PRODUCTION
 
PROGRAMS UTILIZATION COMMODITY REQUIREMENTS
 

STORAGE 

Step 5 Step 3
 
COMMODITY CREDIT CORPORATION ADMINISTRATIVE DECISIONS 

PRICE SUPPORT PURCHASES ON PRODUCTION
 
AND LOAN ACQUISITIONS CONTROL PROGRAMS 

Step 4 
PRODUCER DECISIONS ON
 

PLANTING-HARVESTING rMARKETING 

Figure 1.Public policy processes for managemenit of food and fiber supplies 
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model, decisions in Steps 1 through 3 of Figure 1 are prespecified while 

Steps 4 through 6 are internal to the model. 
In Step 6, sales for
 

domestic utilization are assumed to be zero; 
 shipments under PL.480
 

are specified for discrete intervals as noted previously in Table 8.
 

Methodologically, the model uses parametric programming to vary
 

both demand levels for P.L. 480 shipments and activity costs for commodity
 

purchase under government price support programs. 
Initially, P.L. 480
 

demands are set at zero 
level for the specified commodity. After
 

finding the optimal combination of activities for that shipment level,
 

the P.L. 480 demand vector is increased by a discrete interval. At each
 

specified increase, estimates are derived of the per unit net cost of
 

providing the marginal unit of the commodity to the recipient country.
 

This per unit cost measures the net cost of using cropland and other re

sources to produce the commodity for the market established by P.L. 480
 

programs, as compared to retiring the cropland (with other resources re

maining idle) under government land retirement programs. 
Per unit costs
 

for wheat, feed grains and cotton are estimated over a wide range of
 

shipment levels.
 

One of the major difficulties encountered with the model was to
 

simulate the purchase of commodities by the government at support prices
 

(Step 5 in Figure 1). 
 The usual minimum cost linear programming model
 

selects activities to satisfy a given level of demand based on the
 

criterion of least-cost. As demand is increased, the cost for providing
 

the marginal unit also increases. 
With this type of model, costs for
 

supplying an increasing amount of a commodity for export would normally
 

rise as more marginal production areas provide the additional units of
 

production.
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But in reality the process by-which commodities become available 

for shipment under P.L. 480 programs caused the costs for marginal and 

average units to be equal. That is,the price support mechanism which
 

results in commodities becoming available through the Commodity Credit
 

Corporation for food aid programs sets a constant price for all units,
 

1, 2, ..., n. To simulate this constant purchase price in the model,
 

parametric cost programming is used to vary cost elements on shipping
 

activities as the quantity of commodities shipped under P.L. 480
 

programs increases. This process is shown in Figure 2 where the total
 

cost (tc) of procurement and shipment of commodities under P.L.480 is
 

broken down into variable costs for producing each unit, a return to
 

fixed factors used in production, and costs for transportation, storage
 

and shipping. The dotted line defines the support price (sp) for each
 

commodity. In the model, the cost coefficients on the shipping acti

vities are adjusted with each increase in quantity to simulate the
 

difference between pc and tc. In this manner, a constant cost is
 

simulated for producing, storing and shipping a unit of the J-th com

modity as follows:
 

c Zj + crjSrj = tcrj (19) 

where tc is the total cost for all activities required to deliver a
 

unit of the J-th commodity to the r-th recipient country. As the element
 

c increases for producing the J-th crop for export under P.L. 480, the
 

cost element crj is reduced in magnitude, thus holding tc constant.
 
rj rj
 

Total costs (tc) are taken from actual costs of operating P.L. 480 pro

grams in the 1966-68 period. These data are given in Table 9 along with
 

quantities shipped under-P.L. 480 programs for 1966-68.
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tc
 

Government costs for transportation, storage, shipping, etc.
 

o " Return to fixed factors used in productio
U 

Variable production costs
 

I I I 

Quantity shipped
 

Figure 2. Simulated cost estimates of P.L. 480 shipments
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Table 9. Quantities pf major commodities and costs incurred for purchase .nd shipment
 
of commodities under P.L. 480 programs for the fiscal years, 1966-.68.
 

Commodity Total Costs incurred fort.
 
and Quantit l Commodity Ocean Export Other Total
 

=
Fiscal Year Shipped- Purchase Transportation Payment Costs Costs
 

Wheat (Thousand (Thousand Dollars) 
bushels) 

1968 362,987 597,202 83,885 16,611 --- 697,698 
1967 273,269 511,525 8,392 43,181 48,016 611,114 
1966 485,075 803,714 99,847 214,694 150,166 1,268,421 

3-Yr. Ave. 
Quantity 373,403 636,843 63,977 91,404 65,995 858,219 
Cost/Bu. --- $1.71 .17 .24 .18 2.30 

Feed Grains (Thousand 
Tons) 

1968 1,952 95,758 8,607 --- --- 104,365 
1967 3,844 195,715 29,579 --- 91,168 316,462 
1966 2,007 101,910 11,723 --- 4,803 118,432 

3-Yr. Ave. 
Quantity 2,598 130,997 16,620 --- 31,958 179,573 
Cost/Bu. --- $1.41 .18 --- .34 1.93 

Cotton (Bales) 

1968 955,212 119,591 980 --- --- 120,572 
1967 1,189,482 142,774 1,618 2,153 759 147,304 
1966 625,745 78,283 553 13,940 10,422 103,198 

3-Yr. Ave. 
Quantity 922,556 113,436 1,049 5,359 3,723 123,568 
Cost/lb. --- $0.246 0.002 0.012 0.008 0.268 

1/ 	Includes sales for foreign currency, sales for dollars on credit terms and
 
disposition under Title II except commodities in prepared form (rolled oats,
 
rolled.wheat, etc.). The costs fpr the latter items are not included in the
 
totals given.
 

http:1966-.68
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As described above the parametric programming techniques used in
 

conjunction with the model provide two types of simultaneous
 

variation: one variation allows a discrete change in the quantities
 

of the food aid demand vector; the second variation allows for a dis

crete change in the shipping cost vector. The practical significance is
 

that this combination of changes in the model allow simulation of real
 

world conditions for production, government purchase and eventual ship

ment of commodities to overseas destinations under P.L. 480 p:ograms.
 

Recipient Countries
 

Countries included in the study were chosen based on past records
 

of receiving food aid under P.L. 480 programs and on their location
 

throughout the world. An efford was made to establish a recipient
 

country in all major areas of the world (See Figure 3). The analysis
 

assumes that as food shipments are expanded, each of the countries re

ceives a fixed proportion of each increment based on the programmed
 

quantities of wheat, feed grains and cotton under agreements signed with
 

these countries in the period 1966-68. For example, an average of 323
 

million bushels of wheat were programmed for shipment under Title I of
 

P.L. 480 during 1966-68 (Table 10). In distributing the incremental
 

quantities, the proportion received by each nation during this period
 

was held constant. For wheat India receives 52.6 percent and Pakistan
 

10.6 percent. For feed grains, India and Pakistan receive 62.0 and 6.4
 

percent respectively. Cotton programmed for shipment under Title I of
 

P.L. 480 was distributed somewhat differently. Korea was scheduled to
 

receive 30.0 percent with India receiving 24.0 percent. Taiwan received
 



Ii,, 

Figure 3. Location of major recipient countries under P.L. 480 programs.
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Table 10 .	 Average quantities of commodities programmed under agreements

for calendar years 1966-68 and percent receiy~d by the
 
specified countries under Title I, P.L. 480.-


WHEAT 	 FEED GRAINSV2. / COTTON 
1966-68 
 1966-68 
 1966-68
Country Average 
 Percent Average Percent 
 Average Percent
 

(Thousand (Thousand 
 (Thousand

bushels) bushels) bushels)
 

All Countries 323,149 100.0 91,752 100.0 
 1,012.3 100.0
 

Congo 1,498 
 0.5 
 341 0.4 22.3 2.2
 

Morrocco 8,308 
 2.6 --- --- 12.9 1.3 

Sudan 3,488 
 1.1 ---..-- --


Tunisia 2,204 
 0.7 1,583 1.7 7.7 
 0.8
 

India 170,075 52.6 56,907 62.0 243.3 24.0
 

Pakistan 34,405 
 10.6 5,905 6.4 7.7 
 0.8
 

Korea 11,204 3.5 1,088 
 1.2 303.3 30.0
 

Taiwan 	 --- --- --- 66.7 6.6 

Brazil 24,496 	 ---7.6 	 ---.....
 

Chile 1,470 
 0.5 984 
 1.1 30.0 3.0
 

Mexico 


Others 66,002 
 20.4 24,945 27.2 318.4 31.4
 

Source: 
 The While House. Annual Report on P.L. 480 for 1966, 1967 and 1968.
 

1/ 
Includes Title I and Title IV shipments for 1966.
 

2/ Feed grains include the following quantities (1,000 bu.): 1966-68 Average
 

Corn 22,933
 
Barley 1,239
 
Oats 23
 
Grain Sorghum 67,55
 

Total 	 91,752
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6.6 percent of these shipments. Altogether, an average of 91.8 million
 

bushels'of feed grains and 1.0 million bales of cotton were programmed
 

under P.L. 480 programs in each year between 1966 and 1968.
 

One country was included in the analysis even though no commodities
 

were programmed during the period 1966-68. 
Mexico was included to pro

vide an estimate of the price differential resulting from international
 

shipping costs for feed grains. 
Mexico has received a small amount of
 

feed grains under P.L. 480 programs since their inception in 1954.-/
 

Estimated Costs of Individual Commodities for P.L. 480
 

Programs
 

The estimated cost of providing quantities of wheat, feed grains and
 

cotton to each specified country is reported in the following sections.
 

These estimated net costs take into account the "savings" which result
 

from no longer retiring the cropland which is used to produce for shipment
 

under P.L. 480 programs and is based on the concept of net opportunity
 

cost.-!/ As explained previously, under present political realities the
 

net 	cost of crop production per-acre on marginal acres is total cost less
 

the 	cost of retiring the acre under a government program. As more acres
 

are retired, the cost of retiring cropland increases and the net cost of
 

using the cropland for producing the commodity decreases if production
 

costs are stable. 
As net cost of using cropland decreases the estimated
 

1/ 	For quantities shipped to each country, see the Annual Report on Public
 
Law 480 published annually by The White House since 1964 and semi
annually between 1954 and 1964.
 

2/ 	For an explanation of the concept of opportunity cost in the linear

programming framework, see Earl 0. Heady and Wilfred Chandler, Linear
 
Programming Methods. Iowa State University Press, Ames, Iowa 1958.
 
pp. 	21-26.
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costs for providing units of food commodities for P.L. 480 programs also
 

decrease as is shown later. 
These estimated costs include all activities
 

necessary to provide a unit of each commodity to a specified country.
 

Per unit costs are derived for the marginal unit of production -- that
 

unit which is produced after domestic and commercial export demand is
 

satisfied. Each set of costs is based on the assumption that a
 

particular type of land retirement program is used to control aggregate
 

production. The type of land retirement program is important bocause
 

differences exist between programs for costs of retiring an acre of crop

land. Three types of land retirement programs are considered.
 

Net Costs with Long Range Land Retirement, No Restrictions
 

The per unit cost of wheat, feed grains and cotton for P.L. 480
 

programs is estimated first under a food aid program where wheat ship

ments vary from zero to 7.0 million bales, and a land retirement program
 

retires cropland from production for an extended period of time with the
 

location of acres retired based on comparative advantage; no restriction
 

is placed on the number or proportion of acres retired in any production
 

area.
! / Acres are retired in the most marginal areas of production with the
 

program payment based on the estimated net return above all costs of
 

crop production except land taxes.
 

1/ 	Limitations on the amount of land retirement in any production area
 
have been shown to have considerable effect both on the total cost of
 
retiring cropland and on the rural communities affected by the pro
gram. The latter grows out of the tendency for marginal cropland to
 
be concentrated in particular areas, i.e., 
the Great Plains, and the
 
Southeastern states. For an analysis of this effect, see Earl 0.
 
Heady and Norman K. Whittlesey, A Programming Analysis of Inter
regional Competition and Surplus Capacity or American Agriculture in
 
the United States in 1980. Research Bulletin 538, Iowa State
 
University of Science and Technology, July, 1965, Ames, Iowa.
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Net costs per unit of each commodity under this type of land 

At, the initial level,retirement program are specified in Table 11. 


480 programs with75 million bushels of wheat are shipped under P.L. 

net cost of $1.40 per bushel. As shipments expand, the an estimated 

cost per bushel rises. The cause of this increase is somewhat com

plex. As we pointed out earlier, the total government cost of purchase 

and shipment of a unit of a commodity is maintained at a constant level
 

by the model. To hold this cost constant, the differential between the
 

support price and production costs is reduced as the cost of producing
 

a unit increases (See Figure 3). Consequently, since this cost is
 

constant, the variation in cost results from the change in cost per
 

acre of land retirement. As each additional acre is returned to pro

duction for shipment under P.L. 480 programs, the number of acres of
 

cropland retired is decreased. But of greater importance, each con

secutive acre brought back into production has a lower net return and
 

Hence,
consequently a smaller cost for retiring it from production.
1' 


the increasing cost of each additional unit shipped under P.L. 480 re

sults because the "savings" from removing this cropland from the govern

ment land retirement program diminishes. As this value declines, the.
 

net cost of each unit of food shipped increases.
 

The net cost of providing wheat in this economic environment rises
 

to $2.01 when 525 million bushels of wheat are shipped compared to a
 

cost of $2.30 per bushel for the wheat shipped under P.L. 480
gross CCC 

The'cost per acre of land retired increases as more and more acres
 

are retired since more productive cropland must be brought into the
 

program with each increase. In reverse order, as crop production is
 

expanded, the retirement cost per acre of land returned to production
 

will decline. The "savings" from this sourcewill decline, in
creasing the net cost per unit of food aid.
 

-
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Table 11 .Estimated net total cost per unit for couodities provided to
 
recipient countries under P.L. 480 programsassuming the United
 
States employs a long-range land retirement program with no
 
limits on retirement in any production area.
 

Recipient 	 Level of P.L. 480 Shipments 1/
 
Country
 
or Area 0 1 2 3 4 6
5 	 7
 

Wheat Per Bushel
 

Average .......... 0 
 1.40 1.60 1.71 1.74 1.80 1.89 2.01
 

Brazil ........... 0 1.33 1.53 1.64 1.67 1.82
1.73 	 1.96
 
Morrocco......... 0 1.35 1.55 1.66 1.69 1.75 1.84 1.98
 
India-Pakistan... 0 1.41 1.61 1.72 1.75 1.90
1.81 	 2.04
 
Turkey ........... 0 1.40 
 1.60 1.70 1.73 1.79 1.88 2.03
 
Korea ............ 0 1.38 1.58 1.69 1.72 1.78 
 1.87 2.01
 

2/

Feed Grains Per Bushel'-


Average.......... 0 1.57 1.58 1.59 
 1.61 1.67 1.68 1.68
 

Mexico........... 0 
 1.42 1.44 1.44 1.46 1.52 1.53 1.53
 
Chile............ 0 1.58 1.59 1.60 
 1.62 1.68 1.69 1.69
 
Tunisia .......... 0 1.51 1.53 1.53 1.61 1.62
1.55 1.62 

Sudan............ 0 1.61 1.63 
 1.63 1.66 1.72 1.72 1.73
 
India-Pakistan... 0 1.58 1.59 1.60 1.62 
 1.68 1.69 1.69
 
Isreal ........... 
 0 1.52 1.54 1.54 1.57 1.63 1.64 1.64
 
Korea ............ 0 1.54 1.56 1.56 
 1.58 1.64 1.65 1.65
 

Cotton Per Pound
 

Average .......... 0 20.0 
 20.6 20.6 21.5 22.2 22.8 25.5
 

Chile ............ 0 20.1 20.6 20.6 21.5 22.8
22.2 	 25.5
 
Congo ............ 0 20.1 
 20.7 20.7 21.6 22.3 22.9 25.6
 
India-Pakistan... 0 20.1 20.6 20.7 21.5 
 22.2 22.8 25.6
 
Korea-Taiwan..... 
0 	 20.0 20.6 20.6 21.5 22.2 22.8 25.5
 

1/ 	Quantities are 
(mil. bu. wheat; mil. tons feed grains; mil. bales cotton):
 
Wheat 00 75 150 225 300 
 375 425 525
 
Feed Grains 0 1.5 
 3.0 4.5 6.0 7.5 9.0 10.5
 
Cotton 0 1.0 2.0 3.0 4.0 6.0
5.0 	 7.0
 

2/ 	Feed grain priceis per bushel of corn or equivalent nutritive value of
 
other freed .grain.
 



- 37 

programs during 1966-68 (Table .9). The increase from $1.40 at. 75 million
 

bushels of wheat to $2.01 at 525 million bushels indicates the magnitude
 

of decrease in land retirement costs as shipments of wheat are increased.
 

The 	differential Of $0.90 per bushel ($2.30 
- $1.40) between gross and 

net 	costs at the low level of shipments indicates that each bushel of
 

wheat not produced by retiring cropland would cost this amount of govern

ment expenditure. ?or an average acre with a projected yield of 30
 

bushels per acre, this implies that retiring an acre of cropland would
 

cost $27.00. 
 At the maximum level of wheat shipments, the differential
 

is $0.29 per bushel ($2.30 - $2.01). Assuming the same level of yield,
 

the estimated cost of land retirement is only $8.70 per acre indicating
 

more marginal acres are retired at the larger level of production.
 

The net cost of feed grains is estimated at $1.57 per bushel of
 

corn when 1.5 million tons are shipped and rises to $1.68 when a total of
 

10.5 million tons are shipped.- This cost compares to an average total
 

CCC cost of $1.93 per bushel incurred for feed grains shipped for the
 

years 1966-68. The small change in net cost per bushel of feed grains
 

implies that the cost of land retirement remains relatively constant
 

over this magnitude of change in acreages harvested. One reason for this
 

is the relatively small size of feed grains shipments. Even at the ma

ximum level, 10.5 million tons, less than 6 percent of total feed grain
 

production would be exported under P.L. 480 programs. 
This amount of
 

feed grains would use only slightly more than 5 million acres of cropland
 

if the average yield is 2.0 tons per
 

1/ 	Feed grains prices are measured in terms of corn although other kinds
 
of feed grains are also Shipped.
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The net cost of cotton ranges from $0.20 per pound for 1.0 million
 

bales of cotton to $0.25 per pound for 7.0 million bales. This com

pares an average cost of $0.268 per pound for shipments from 1966 through
 

1968. The greater rise in cost per pound of cotton than for feed grains
 

indicates that the cost of land retirement in cotton areas fluctuates more
 

than it does in feed grain areas. Also, the 7.0 million bales level of
 

cotton shipments represents 40 percent of total production. This level
 

is well in excess of recent levels of cotton exports under P.L. 480
 

programs. 
It would require that nearly all land available for cotton be
 

returned to production. At that point, almost no savings would occur
 

from reduced land retirement and hence the cost of cotton per pound of
 

lint approaches the gross cost of these shipments.
 

Net Costs with Long Range Land Retirement, with Restrictions
 

A second type of government program examined would ship the same
 

quantities of wheat, feed grains and cottonlint with this limitation
 

ple-.d on the land retirement program: No more than 50 percent of total
 

cropland can be retired in any production region. Acres retired are
 

spread over more production area; land with a higher net return from
 

crop production (and a higher cost for retirement) is retired. Con

sequently, the cost of retirement increases but this results in a decrease
 

(compared to the previous program) in cost per unit for P.L. 480 programs.
 

Estimates of net cost per unit of wheat, feed grains and cotton are
 

specified in Table 12 for this type of land retirement program. The net
 

cost of wheat is $1.29 per bushel (compared to $1.40 with the previous
 

program) with shipments of 75 million bushels. As shipments expand, the
 

cost per bushel increases and reaches $1.71 at 525 million bushels. 
The
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Table 12. Estimated net total cost per unit of commodities provided to
 
specified countries under P.L. 480 programs assuming the United
 
States employs a long-range land retirement program with a 50
percent limit on retirement in any production area.
 

Recipient

country Level of P.L. 480 Shipments

or Area 0 1 2 3 4 5 6 

Wheat Per Bushel
 

Average .......... 0 1.29 1.34 1.47 1.59 1.59 1.61 1.71 

Brazil ........... 0 1.22 1.27 1.40 1.52 1.52 1.54 1.63 
Morrocco......... 0 1.24 1.29 1.42 1.54 1.54 1.56 1.66 
India-Pakistan... 0 1.30 1.35 1.48 1.60 1.60 1.62 1.72 
Turkey ........... 0 1.29 1.34 1.47 1.59 1.59 1.61 1.70 
Korea ............ 0 1.28 1.32 1.45 1.57 1.57 1.59 1.69 

Feed Grains Per Bushel-
/ 

Average .......... 0 1.43 1.46 1.48 1.49 1.56 1.56 1.57 

Mexico ........... 0 1.28 1.32 1.33 1.34 1.41 1.41 1.42 
Chile ............ 0 1.44 1.47 1.49 1.50 1.57 1.57 1.58 
Tunisia.......... 0 1.37 1.40 1.42 1.43 1.50 1.50 1.51 
Sudan ............ 0 1.48 1.51 1.52 1.53 1.61 1.61 1.61 
India-Pakistan... 0 1.44 1.47 1.49 1.50 1.57 1.57 1.58 
Isreal ........... 0 1.39 1.42 1.44 1.44 1.52 1.52 1.52 
Korea ............ 0 1.40 1.43 1.45 1.46 1.53 1.53 1.54 

Cotton Per Pound 

Average .......... 0 18.9 20.0 20.0 20.6 20.6 21.4 23.4 

Chile ............ 0 18.9 20.1 20.1 20.7 20.7 21.4 23.5 
Congo ............ 0 19.0 20.1 20.1 20.7 20.7 21.5 23.5 
India-Pakistan... 0 18.9 20.1 20.1 20.7 20.7 21.4 23.5 
Korea-Taiwan ..... 0 18.9 20.0 20.0 20.6 20.6 21.4 23.4 

l/ Quantities are (mil. bu. wheat; mil. tons feed grains; mil. bales cotton):
 
Wheat 0 75 150 225 300 375 425 525
 
Feed Grains 0 1.5 3.0 4.5 6.0 
 7.5 9.0 10.5
 
Cotton 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
 

2/ 	Feed grain price is per bushel of corn or equivalent nutritive value of
 
other feed grain.
 

7 
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individual country estimates point up the location aspect of cost; 
 ship

ments to anBrazil have estimated cost of $1.22 per bushel when 

shipments are 75 million bushels and increase to $1.63 at the maximum
 

level considered. Shipments to India-Pakistan are the most costly con

sidered, ranging from $1.30 to $1.72 per bushel. 
These differences are
 

due to the estimated transportation cost differentials of shipping to
 

alternative countries.
 

Feed grain costs are lower than the previous model, varying on
 

average from $1.43 per bushel to $1.57 per bushel. 
Feed grain shipments
 

vary from 1.5 to 10..5 million tons. Mexico has the lowest cost for
 

shipments while the Sudan has the highest cost per bushel provided. 
Again
 

these cost differences are due to the estimated cost differentials for
 

international transportation.
 

Costs for cotton for this type of program rise from $O.189 per pound
 

to $0.234 per pound. 
Cotton costs are somewhat different from either wheat
 

or feed grains in that transportation and other costs are a smaller pro

portion of total costs. 
 Wheat costs under P.L. 480 programs in 1966-68
 

were broken down into 74.3 percent commodity purchase and 25.7 percent
 

transportation and other costs. 
 Feed grains costs were similar with com

modity purchase accounting for 73.1 percent of total costs per unit.
 

Cotton has a lower proportion of costs for transportation and other items,
 

however. 
For cotton 91.8 percent of all costs in 1966-68 were for com

modity purchase with only 8.2 percent for transportation, export payments
 

and other costs. The lower costs for cotton for these other items
 

primarily result because support prices for cotton are competitive with
 

world market prices and hence only minor export payments are required.
 



Costs for transportation for all commodities have been reduced
 

because "an -amendment to Public Law 480 signed October 8, 1964, included
 

a 
provision climinating local currency financing of ocean transportation
 

in U.S. flag vessels. Now only the differential between U.S. and
 

foreign flag rates is paid by CCC where commodities are required to
 

be transported in U.S. veseels.1.' As a result of these changes there
 

is a smaller differential in price among different countries receiving
 

commodities under P.L. 480 programs.
 

Net Costs with Annual Land Retirement-Direct Payment Type Programs
 

The final program of commodity shipments considered is based on
 

land retirement programs which individually retire cropland from wheat,
 

feed grains and cotton on an annual basis with direct payments to pro

ducers on a portion of production as an incentive to participate. This
 

type program is similar to those in effect for feed grains since 1961 and
 

for other crops after 1965-66. Costs per acre for retirement of cropland
 

are based on actual data from these programs; costs are higher than for
 

previous programs. These higher costs result primarily because under an
 

annual program, producers still retain all factors of production necessary
 

to operate their firm at full capacity. Retaining these factors of pro

duction results in producers incurring costs for depreciation and under

employed labor. Payments for land retirement must cover these costs to
 

gain participation of producers. Hence the payment per acre for this
 

1/ The annual report of the President on activities carried out under
 
Public Law 480, 83rd Congress, as amended,during the period January

I through December 1964. 89th Congress, 1st Session, House Document
 
130. Washington, D.C. 1965.
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type of program will be larger than for a long range program where
 

excess factors of production can be sold and excess labor employed
 

in other pursuits.
 

Costs for shipping wheat and other commodities to recipient
 

countries under P.L. 480 programs with this type of program are given
 

in Table 13. 
 The initial 75 million bushels of wheat are estimated
 

to costs $0.08 per bushel under this type of program. Costs rise with
 

shipments between 75 and 150 million bushels, reaching $0.50 per bushel.
 

At the maximum level considered, 525 million bushels, the net cost per
 

bushel is $1.31. These data indicate that the net cost of wheat ship

ments under P.L. 480 programs is relatively low when measured against
 

the high cost of retiring land under the type of programs used to 
con

trol production and maintain returns to producers of wheat in recent 

years. Likewise, these costs indicate that shipments of wheat have a
 

mucher lower net cost than gross costs incurred by CCC would suggest.
 

While the gross cost for each bushel of wheat shipped under P.L. 480 in
 

1966-68 was $2.30, there is a clear indication that retiring all of
 

these same acres would have cost nearly as much had these shipments not
 

been made, particularly for the initial 100 million bushels. 
At the
 

average level of shipment for 1966-68, 373.4 million bushels, the average
 

net cost is estimated at $1.13 per bushel, approximately 49 percent of
 

the gross cost of shipments. 

Estimated costs for feed grain shipments with annual land retire

ment programs are lower than either program previously considered, al

though not as significantly as wheat. At an initial level of 1.5 million 
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Table 13. 	 Estimated net total cost per unit for commodities provided
 
to recipient countries under P.L. 480 programs assumming the
 
United States employs annual land retirement-direct payment
 
type programs for wheat, feed grains and cotton.
 

Recipient 
 Level of P.L. 480 Shipments./
 

Country
 
or Area 0 1 2 3 4 5 6 


Wheat Per Bushel
 

Average ......... 0 .08 .50 .87 1.05 1.13 1.27 1.31 

Brazil .......... 0 .00 .42 .79 .97 1.05 1.19 1.23 
Morrdcco........ 0 .02 .44 .81 .99 1.07 1.21 1.25 
India-Pakistan.. 0 .09 .51 .89 1.06 1.14 1.28 1.32 
Turkey .......... 0 .05 .54 .84 1.02 1.10 1.24 1.28 
Korea........... 0 .05 .57 .84 1.02 1.10 1.24 1.28 

Feed Grains Per Bushelg/ 

Average ......... 0 1.08 1.10 1.15 1.17 1.32 1.34 1.34 

Mexico .......... 0 .93 .95 1.01 1.03 1.17 1.19 1.19 
Chile ........... 0 1.09 1.10 1.16 1.18 1.32 1.34 1.34 
Tunisia ......... 0 1.02 1.04 1.10 1.12 1.26 1.28 1.28 
Sudan........... 0 1.13 1.14 1.20 1.22 1.36 1.38 1.38 
India-Pakistan.. 0 1.09 1.11 1.16 1.18 1.33 1.35 1.35 
Isreal .......... 0 1.04 1.05 1.11 1.13 1.27 1.29 1.29 
Korea ........... 0 1.05 1.07 1.12 1.14 1.29 1.31 1.31 

Cotton Per Pound 

Average ......... 0 13.8 16.8 17.2 17.2 17.7 18.2 19.2 

Chile ........... 0 13.8 16.8 17.2 17.2 17.7 18.2 19.2 
Congo ........... 0 13.8 16.8 17.2 17.3 17.8 18.2 19.2 
India-Pakistan.. 0 13.8 16.8 17.2 17.2 17.7 18.2 19.2 
Korea-Taiwan.... 0 13.7 16.7 17.1 17.2 17.7 18.2 19.1 

1/ 	Quantities are (mil. bu. wheat; mil. tons feed grains; miL bales cotton):
 
Wheat 0 75 150 225 300 375 425 525
 
Feed Grains 0 1.5 3.0 4.5 6.0 
 7.5 9.0 10.5
 
Cotton 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
 

2/ 	Feod grain price is per bushel of corn or equivalent nutritive value of
 
other feed grain.
 

7 
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tons, the cost is estimated at $1.08 per bushel, approximately 75 percent
 

of the previous program. As shipments increase, costs per bushel in

crease, reaching $1.34 per bushel at 10.5 million tons of feed grains.
 

The net cost of cotton shipped under P.L. 480 programs is also
 

lower for this type program. Cotton costs at 1.0 million bales are esti

mated to be 13.8 cents per pound of cottonlint, which is 73 percent of the
 

previous program cost. As shipments expand, costs increase and reach 19.2
 

cents per pound of lint at 7.0 million bales.
 

The estimated costs for all commodities considered with this type
 

of land retirement program are considerably lower than for the previous
 

programs. 
These lower costs result from the higher costs for retiring
 

/
land with annual retirement programs.-


Guidelines for Pricing P.L. 480 Commodities
 

The estimated per unit cost of P.L. 480 shipments specified above
 

for each alternative land retirement program is based on actual costs
 

incurred for commodities programmed under these programs during 1966-68.
 

These costs are subject to change over rime due to changes in price
 

support levels, proportion of international transportation costs borne by
 

the Commodity Credit Corporation, and world prices of these commodities.
 

The latter prices determine to a large extent the level of export subsidy
 

I/ For a discription of the changes in quantities of cropland used and

retired at each level of shipment for the three types of land re
tirement programs, see Appendix B of the report.
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necessary to make these commodities competitive in world markets. Since
 

these costs are specific to a past period, an attempt is made to make 

these estimated costs more applicable to future pricing of P.L. 480 com

modities.
 

To develop this type of guideline for pricing of future shipments,
 

the estimated net average cost for commodities for each alternative land
 

retirement program is compared with the gross CCC costs for the period
 

1966-68. This ratio,
 

Estimated Net Cost.(100) = Pricing Coefficient (20)
Gross CCC Cost 

provides an estimate of the percent of gross costs to be charged for
 

P.L. 480 shipments given (1)the type of land retirement program actually 

in use at a particular time, and (2)the actual CCC costs of food aid 

commodities. 

In Table 14, the Pricing Coefficients (PC) are summarized for the 

three types of land retirement programs examined. The PC vary according
 

to the level of shipment, the particular commodity shipped and the land
 

retirement program. For wheat, the PC varies from 3.5 with an annual land
 

retirement program and a shipment of 75 million bushels of wheat, to 87.4
 

with a long range retirement program and 525 million bushels. The PC for
 

annual programs are considerably lower for all levels of wheat shipments
 

than for other programs. This result is expected given the lower estimated
 

costs of commodities for this type program (Table 13).
 

The Pricing Coefficients for feed grains and cotton are generally
 

higher than for wheat for a similar shipment level and land retirement
 

program. 
These results suggest, given the criteria and political realities
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Table 14. 	 Estimated proportion net opportunity cost is of gross CCC costs
 
for shipments of wheat, feed grains and ccVon 
 during 1966-68,
 
under alternative supply control programs.-


Type of Land Level of P.L. 480 Shipments2 /
 

Retirement Program 1 3 5
2 4 	 6 7
 

WHEAT
 

Long Range Retirement 60.9 69.6 74.3 75.7 78.3 
 82.2 87.4
 
No Restrictions
 

Long Range Retirement 56.1 
 58.3 63.9 69.1 69.1 70.0 74.3
 
50% Restrictions
 

Annual Land Retirement 3.5 21.7 37.8 45.7 
 49.1 55.2 57.0
 
Direct Payments
 

FEED GRAINS
 

Long Range Retirement 81.3 81.9 82.4 
 83.4 86.5 87.0 87.0
 
No Restrictions
 

Long Range Retirement 74.1 75.6 76.7 77.2 80.8 
 80.8 81.3
 
50% Restrictions
 

Annual Land Retirement 56.0 57.0 
 59.6 60.6 68.4 69.4 69.4
 
Direct Payments
 

COTTON
 

Long Range Retirement 74.6 
 76.9 76.9 80.2 82.8 85.1 95.1
 
No Restrictions
 

Long Range Retirement 70.5 74.6 74.6 
 76.9 76.9 79.8 87.3
 
50% Restrictions
 

Annual Land Retirement 51.5 62.7 64.2 64.2 66.0 71.6
67.9 

Direct Payments
 

1/ 	Gross CCC costs in 1966-68 are $2.30 per bushel of wheat, $1.93 per bushel
 
of feed grains, and 26.8 cents per pound of cotton (Table 9).
 

2/ Quantities are 
(mil. bu. wheat; mil. tons feed grains; mil. bales cotton):

Wheat 
 75 150 225 300 375 425 525
 
Feed Grains 1.5 3.0 4.5 
 6.0 7.5 9.0 10.5
 
Cotton 1.0 2.0 3.0 4.0 5.0 	 7.0
6.0 
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explained earlie.r, that shipments of feed grains are optimally priced
 

if the return is 81.3 percent of the CCC. cost when 1.5 million tons are 

shipped and a long range land retirement program is used to control
 

aggregate production. For the same level of shipment, feed grains ship

ments priced at 56.0 percent of their CCC cost are optimal if annual
 

programs with direct payments are used to control production. For these
 

respective programs, these percentages rise to 87.0 percent and 69.4
 

percent of CCC costs at the maximum level of shipments.
 

The PC for cotton with a 1.0 million bale shipment varies from 74.6
 

with a long range land retirement program to 51.5 with an annual land
 

retirement program. These coefficients increase to 95.1 with the long
 

range program when 7.0 million bales are shipped and 71.6 when annual
 

programs are used with this level of shipment. During the period 1966-68,
 

an average of 1.0 million bales of cotton were programmed for shipment to
 

recipient countries under P.L. 480 programs.
 

To conclude this discussion on pricing levels and provide compa

risons with actual data, we have calculated the actual levels of cost re

covery for commodities programmed for shipment between 1966-68. 
 While
 

data are not available for the individual commodities as we might like,
 

data are available on the proportion of gross CCC costs recovered in 
con

tracts signed between 1966 and 1968. 
 To calculate these proportions the
 

export market value of P.L. 480 shipments is compared with the CCC costs
 

of these shipments. These results indicate a sharply rising trend after
 

1965. From a level of 60.0 percent in 1965, the level of cost recovery
 

rose to 69.5 in 1966, to 80.9 in 1967, and 84.7 in 1968.
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To test these recovery rates against those which would exist if
 

the pricing levels derived earlier in this study were uses, we cal

culated for wheat, feed grains and cotton the level of recovery with the
 

concept of net cost applied to pricing. For these estimates pricing
 

coefficients from Table 14 were weighed with the proportion of wheat,
 

feed grains and cotton actually programmed for shipment in each year
 

between 1966 and 1968.1/ The following comparisons were derived for the
 

period 1966-68: 

Estimated Actual 

1966 54.9 69.5 

1967 50.0 80.9 

1968 39.4 84.7 

In all cases the proportions derived using the results of this study are
 

well below the actual levels of cost recovery. As costs for land re

tirement rose in 1967 and 1968, the net costs of potential food shipments
 

declined. Actual recovery rates went up however. These data indicate
 

that in the years specified, the level of pricing was substantially above
 

levels indicated from the analysis in this study.
 

-/ The procedure used was: 

3 
E PiktPCikn 'PCt 
i- t 

where Pikt is the proportion that the i-th crop is of the total value
 

of feed grains, and cotton shipped in the t-th year when the k-th
 
government program is used to control aggregate production, PC kn is the
 

estimated Pricing Coefficient for the i-th crop assuming the k-th crop

assuming the k-th government program is used and the n-th level of com
modity is shipped, and PCt is the estimated avcrage Pricing Coefficient
 

that would have been optimized the pricing of commodities in the t-th
 
year.
 



Other Considerations in Commodity Pricing
 

For P.L. 480
 

The foregoing results raise many questions as to the appropriate
 

level of prices to be charged for commodities shipped under P.L. 480
 

programs. 
There are of course many considerations involved in
 

deciding upon a set of final prices to be charged. 
 Some of these con

siderations arise from the standpoint of the supplying nation - for
 

example what quantity of stocks does it have available. This issue was
 

prevalent in the years immediately following the Korean conflict.
 

Large stocks of grain commodities become available as price support
 

programs resulted in large amounts of grain and fiber flowing into
 

government bins. 
Stocks levels climbed 16.2 percent between 1954 and
 

1955 and continued rising in 1956 (Table 15). 
 After a temporary drop
 

in 1957, stocks continued to increase and the level of cost recovery
 

of P.L. 480 shipments dropped from 70.1 percent in 1955 to a low of
 

58.7 percent in 1961.
 

The pressure to reduce stocks through overseas shipment was clearly
 

noted by John Davis in 1958. 
 He suggested that "the objective most
 

emphasized by the proponents of Public Law 480 in 1954 was the disposal
 

of United States farm surpluses, which at the time were accumulating in
 

the hands of Commodity Credit Corporation at the rate of almost $3 billion
 

per'year."- / 
 Over the decade after 1954, considerable debate ranged on
 

whether this was in fact the major function of P.L. 480 programs. Given a
 

decade and a half of operation of P.L. 480 programs, it is now possible
 

to observe more closely what relftionship has existed between storage
 

1/ John H. Davis, Surplus Dispopal as a Tool for World Development --

Objectives and Accomplishments. 
Journal of Farm Economics. Vol. 40.
 
p. 1484.
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Tabe'15. 
Level of carryover stocks and the proportion of CCC
 
costs recovered in programmed shipments under P.L. 480
 

..programs, 1955-68.
 

Year 

Actual 
Index of Cost 

Carryover/ Recovery 2/ 
Stocks-" Coeffcients- Year 

Index of 
Carryove[j 

Stocks-

Actual 
Cost 

Recovery 2/ 
Coefficients

(1954=100) (percent) (1954=100) (percent) 

1950 
1951 
1952 
1953 
1954 

68.7 
51.3 
38.9 
68.8 

100.0 

---
---
---
---

---

1960 
1961 
1962 
1963 
1964 

150.1 
162.8 
148.8 
147.0 
143.7 

59.7 
58.7 
63.5 
56.6 
66.2 

1955 
1956 
1957 
1958 

116.2 
130.7 
120.7 
121.0 

70.1 
59.7 
60.1 
65.0 

1965 
1966 
1967 
1968 

132.4 
117.1 
93.5 
89.9 

60.0 
69.5 
80.9 
84.7 

1969 146.7 65.1 

Source: 
 Semiannual Report on Public Law 480, 1954-1963; Annual Report
 
on Public Law 480. 1964-1968. Washington, D.C.
 

1/ The index of carryover stocks of wheat, feed grains and cotton is
 
calculated using the ratio: 
 PiQ (100) where i
P154Qi54(.0)weei crops,
ros
 

j - year with 54 - 1954. The price wAights (Pij) are average prices

received by farmers in 1954.
 

Calculated as the Export market value of P.L. 480 shipments
Estimated CCC costs for commodities
 



- 51 

stocks and program operations. This we have done using data inTable 15
 

and a simpei statistical tet to find the relationship between them.-

In this case the -test substantiated that an inverse relationship'existed 

in the past between storage stocks and prices charged. As grain stocks 
increased, cost recovery decreased and as stocks decreased, cost re

covery increased. That this issue was still prevelant in recent policy 

considerations can be seen by looking at data on cost recovery in the
 

1966-68 period when large shipments sharply reduced stocks; cost re

covery levels rose. There would seem to be considerable question as to
 

the appropriateness of basing pricing of food shipments on stock levels.
 

Food shipmentscan likelyhavea positive effect on development of re

cipient countries if it if programmed in a manner designed for this
 

purpose. But using the criterion of storage stock levels does not seem
 

the most useful tool available for this purpose.
 

This question of development effects of aid policies was further 

raised after passage of Food Aid Act of 1966. The new act placed a 

major emphasis on assuring "...a progressive transition from sales for 

foreign currencies to sales for dollars (or to the extent that transition 

to sales for dollars under the terms applicable to such sales is not 

possible, transition to sales for dollars under the terms applicable to
 

such sales is not possible, transition to sales for foreign currencies on
 

creidt terms no less favorable to the United States than those for de

velopment loans under section 201 of the Foreign Assistance Act of 1961,
 

.1/ To measure the relationship between carryover stocks and the prices
 
charged recipient countries'for these commodities a simple correlation
 
test was used. The correlation coefficient had a value of -.66 which
 
is significant at the.99 probab y
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as amended, and on terms which permit conversion to dollars at the ex

change rate applicable to the sales management) at a rate whereby the
 
transition can be completed by December 31, 1971".1/ For most if not 

all countries, this change represented a hardening of terms under which
 

P.L. 480 shipments were received and increased difficulty in their long
 

run balance of payment position. For most if not all recipient
 

countries, this hardening of terms may well represent an increased
 

burden of deb repayment which could endanger the whole process of
 

development. This point has been made by Another analyst of the f 

food needs of developing countries. Kreistensen2 / after reviewing
 

future trade and aid potentials concluded:
 

"It appears from the foregoing (analysis) that at least for the
 
next one or two decades to come rising imports of food and
 
fertilizer are likely to be a heavy burden on the balance of
 
payments of a number of developing countries, including some of
 
the most populous ones. 
At the same time the annual burden of

the service of external debts is increasing fast in quite many

of the countries."(p. 44). 

He then went on to give glum appraisal of future possibilities for these
 

countries as a result of their need for food coupled with their balance
 

of payments problem.
 

the years ahead may well prove to be a particularly difficult
 
period in many developing countries. Later on it is conceivable
 
that rising productivity and a slower population growth will make
 
the situation easier but there exists a real danger that the whole
 
development process may be jeopardised in the next, say, 10-15 years
 

1/ Public Law 480 - 83rd Congress, "Agricultural Trade Development and
 
Assistance Act of 1954", (68 Stat. 454) As amended through July 29,
 
1968.
 

2/ Thorkil Kristensen. The Food Problem of Developing Countries. 
Organization for Economic Cooperation and Development. Paris. De
cember 1967.
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because food imports and debt service will require such a large

share of the foreign exchange earnings of many countries that 
the necessary imports of capital goods for investment will not 
be possible if there is not an increasing inflow of capital from 
abroad." (0. 45). 

Aid there would seem to be some possibility that the shift to. credit
 

terms with dollar repayments will tend to intensify the problem of debt
 

repayment and even threaten more seriously the development potentials
 

in several recipient countries. To offset this possibility, Kristensen
 

argues,
 

"what is needed is more aid at least until exports of the de
veloping countries have risen sufficiently so that they can pay

for all their imports, including food. The best solution would
 
be to increase aid in the form of cash substantially in order to
 
enable the receiving countries to decide what they want to buy.

If it is easier to provide more aid in the form of food and if the
 
receiving country would import food aid anyway, food aid may how
ever, be one of the best instruments available in the foreseeable
 
future." (P. 52).
 

It is this view of realities -- that continued food aid is more
 

likely than substantially increased dollar aid -- that leads directly
 

back to questions of food a d pricing. 
The shift to credit terms with
 

dollar repayments can substantially reduce the aid element in food ship

ment under P.L. 480. This result may occur at the same time that net
 

costs for this food are quite low because of the annual type supply con

trol program which is employed. This lead to the need to consider food 

aid is a context including the total policy mix of the U.S. government -

both domestic policies for agriculture and foreign policies with de

veloping nations. 
In this context there would seem to be considerable
 

room for application of the concepts included in this study.
 

In ,addition consideratiois raised by domestic policy con

,siderations there is also the issues of the value of these shipments
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to recipient nations. If these commodities have a high marginal pro

ductivity in these countries and hence add considerably to economic
 

growth and development, the charging of full cost prices could be
 

generally justified. But there are some strong views that this is
 

not the case. Schultz concluded the following as early as 1960.1/
 

1. 	"CCC costs of P.L. 480 products appears to me to have been in
 

the neighborgood of twice the value of these products had they
 

been 	sold freely inworld markets".
 

2. 	"Costs of the United States of P.L. 480 products measured in
 

terms 	of marginal revenue foregone from foreign sales may have
 

been 	zero provided we treat our farm programs and agricultural
 

production as a constant". 

3. 	"The value of P.L. 480 products to the countries receiving them
 

has been perhaps abLat 37 cents for each dollar of CCC costs".
 

4. 	"Accordingly, under conditions set forth in (2)and (3)above,
 

there is a substantial range for negotiating P.L. 480 trans

actions, inasmuch as the value to the recipient country is about
 

37 cents per dollar of CCC costs and the costs to us in earnings
 

foregone may be zero, on the shaky grounds assumptions that we
 

will not improve on our agricultural policies".
 

Schultz's estimate of the value of P.L. 480 shipments was made during
 

a period of large surpluses when there was fairly general agreement that
 

1/ 	Theodore W. Schultz. 
 Value 	of U.S. Farm Surpluses to Underdeveloped

countries. Journal of Farm Economics December 1960. 
p. 1033.
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had these comodities bean moved into normal marketing channels, the
 

pricedepression would-have repulted in total revenue at least no larger
 

and perhaps'even smaller than with P.L. 480 shipments. But since 1966
 

surplus stocks have been removed and one can-argue that we now must pro

duce a given quantity each year for the P.L. 480 created market. Under 

these circumstances, it is no longer relevant to levy a zero cost for 

the commodities to theo$U.S. Instead, it is now true that the nation is 

in the position of either having to produce for this market or of having 

to bid the land away from farmers to keep stocks of farm commodities from 

increasing. Under these circumstances, the derived results of this study 

become especially relevant to the pricing of future sales of commodities 

under P.L. 480.
 

Summary and Conclusions
 

The empirical results of this study have shown clearly that the net
 

cost of the U.S. is considerably lower than gross CCC costs would suggest.
 

As estimated, they provide a "lower bound" for pricing future quantities
 

of commodities since of course any lower return would mean that the U.S.
 

could manage its agricultural capacity in a cheaper manner by retiring
 

the land instead of producing and shipping the commodities. By contrast
 

the "upper bound" is established by the gross CCC costs for these commodi

ties and this level of prices would be relevant if the alternative use for
 

the resources were idleness with zero cost or even alternative employment.
 

Given the empirical results and the pricing considerations outlined
 

above, we can draw up certain conclusions from this study:
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1. For the time interval during which the U.S. continues to support
 

a policy of using all its institutionalized land resources either for
 

crop production or for government-supported retirement, the appropriate
 

level of costing for P.L. 480 products is considerably below gross CCC
 

costs. 
Given the recent three-year extension of annual land retirement
 

programs pricing for food aid programs should be reevaluated.
 

2. 
So long as P.L. 480 shipments meet the requirements of being
 

additional to normal commercial imports, the price level for these ship

ments cannot be said to affect the competitive position of competitor
 

nations and hence no international reaction should arise frdm the
 

imposition of such a policy.
 

3. The major benefit of such a policy change will accrue to the
 

recipient nations who will have to accept a reduced amount of long term
 

credit and hence will have to repay a smaller total amount at some future
 

date. The realities are probably such as to indicate that many countries
 

will eventually find these terms to be a heavy burden on limited foreign
 

earnings.
 

4. 
Finally, the objective of aid-in-kind should always be kept in
 

mind. 
Such aid must have as its goal the improvement in the welfare of
 

mankind, both in the short term through consumption of food itself and in
 

the long run through the effects on economic development. To the extent
 

that food shipments represent a larger portion of aid-in-kind and a
 

smaller proportion of commercial sales for credit, the poorer nations may
 

be genuinely helped to improve the lot of their poorer strata of consumers.
 

Perhaps this larger amount of aid will add not only to their welfare but
 

also to our own welfare in the year 2000.
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APPENDIX A - THE MODEL 

The 	model used for this study divides the U.S. into 150 crop
 

producing areas and 31 demand regions. Each demand region includes one
 

or more production areas. The following activities are defined for the
 

model:
 

1. 	Crop production -- activities are defined for production of 

wheat, feed grains, soybeans and cotton in each production 

area to satisfy domestic and commercial export demand in the 

31 demand regions; a separate set of activities is defined for
 

production of wheat, feed grains and cotton for export under
 

P.L. 	480 programs.
 

2. 	Land retirement -- activities are defined for retiring from
 

production cropland in each of the 150 crop production areas
 

not required to satisfy domestic demand, commercial export
 

demand, or shipments of wheat, feed grains or cotton under
 

P.L. 	480 programs.
 

3. 	Transportation -- activities are defined for inland transportation
 

of wheat, feed grains and soybeans from points of production to
 

point of domestic utilization in each of the 31 demand regions
 

or the port of commercial export.
 

4. 	Shifting activities -- activities are defined for shifting
 

wheat from food use to feed use within each of the 31 demand
 

regions.
 

5. Shipping activities -- activities are defined for shipment of
 

each commodity -- wheat, feed grains and cotton -- from the
 

United States to each recipient country under P.L. 480 programs.
 



- 58 -


For each of the activities in the model an associated cost is
 

estimated. Together these costs form the total cost function C where
 

150 4 150 3 150 3 31 30 3 
C = E E c X + E Z,c Z +E E cikRik + E E r c - T 

i-i j=l ij i=1j=l l J il k-i n-l-IJ=l nnj nnj 

31 7 3
 
+ EC S + E Ec U 

"
n-i nj nj r=l i rjrj (A-) 

and X is crop production for domestic and commercial export
 

Z is crop production for shipment under P.L. 480 programs
 

R is land retirement under government programs
 

S is substitution of wheat for feed grains for feed use
 

T is inland transportation of commodities between demand regions
 

U is international shipping of food aid commodities, and
 

c is the per unit cost coefficient for each individual type activity.
 

The subscripts define the
 

i-th crop production area,
 

J-th crop produced within each crop production area,
 

k-th government program for retiring cropland,
 

n-th demand region shipping a given commodity to the n-th region
 

(n # ;), and
 

r-th recipient country which receives food aid.
 

Domestic and commercial export demand is included in the models as a set
 

of restraints which must be satisfied by the production activities. Demand
 

for wheat, feed grains and soybeans is specified by the 31 demand regions
 

defined for the United States. 
Demand for cotton is specified as an
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aggregate for the United States. These demands form a set of restraints
 

which require that 

m 31 30 (A-2)
Eia ijXij - qnSn -+ E ZnjTnj> Dnj (Jfl is wheat, n-l, 2...31) 

m 31 30 D (A-3)
E a JE-nT-+lq D (J=2 is feed grains, nl, 2...31)
ini j njnn-iil - nJnj j
 

m m 31 30 
 (A-4)

Eai XJ + Eij +t-zl E - Dnj,(J=3 is soybean, n=l, 2...31) 
J~ i-I i n-i ;-I nj nnj.-nj 

65
 
and Ea X > Dj
i-i ii ii (j-=4 is cotton)5)otn- s 

where Equation A-2 expresses total demand for wheat for the n-th demand region,
 

Equation A-3 expresses total demand for feed grains for the n-th demand
 

region,
 

Equation A-4 expresses total demand for oilmeals (supplied by both soy

beans and cottonseed) for the n-th demand region, and
 

Equation A-5 expresses total demand for cotton lint.
 

where
 

m is the number of crop production areas within the n-th demand region
 

a is the output coefficient per unit of the J-th crop produced in the
 

i-th region
 

q is the amount of wheat substituted for feed grains for each unit of
 

the s-th activity
 

and
 

z is the quantity of each respective commodity transported between
 

the n demand regions.
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A second set of demand restraints define the level of shipments of
 

commodities under P.L. 480 programs. In the model, demand for P.L. 480
 

shipments is expressed in two parts, one is an intermediate demand for
 

major commodities prior to shipment to overseas destinations, and the
 

second is the final demand of particular recipient countries. The
 

intermediate demand restraints require that
 

150 
laijz j > 0 (A-6) 

where Z j is production of the J-th commodity in the i-th production 

area where 

J = 1 is wheat 

j = 2 is feed grains 

j = 4 is cotton lint 

These intermediate demands for food aid commodities simulate the
 

storage of commodities by the government. In the model, these demand
 

restraints remain at zero level which in the actual world indicates
 

maintenance of some existing level of carryover stocks -- i.e. inflows
 

equal outflows. The final demand for commodities shipped under P.L.
 

480 programs is food deficit countries. These final demands are defined
 

as
 

150 7 
Eb U J E D (12) 

where D is demand for the jth commodity in the rth recipient countries.
 

U ij is international shipment of the jth commodity from the United States
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to recipient countries under P.L. 480 programs, and bij is the activity 

coefficient. These demand levels are initially set at zero levels for 

each respective crop under consideration and demand is expanded by discrete 

quantities in the model. Together with domestic and commercial export demand
 

this completes the set of demands for agricultural commodities in the model.
 

The remaining restraints in the model are associated with cropland.
 

Two sets of activities in the model, crop production and land retirement,
 

use acres of cropland. In each of the 150 production areas, a restraint
 

exists on the total acres of cropland available for production of major
 

crops or for retirement under government programs. This restraint provides
 

that
 

a jXlj + aijZiJ + aARik < Li 	 "(A-7) 

where all activities are defined above and the a j are coefficients
 

expressing the amount of resource Li required in the i-th region per unit
 

of each crop production process and a k is similarly the amount required
 

per unit of the k-th land retirement process. There are three types of
 

land retirement processes analyzed in the study. 
Each is designed to
 

simulate a realistic type of government land retirement program:
 

1. 	Annual land retirement -- this set of programs simulates 

programs of land retirement for each of the major crops, wheat, 

feed grains and cotton. The distribution of land retired and 

the cost per acre was based on recent patterns and costs. 

2. 	Long range land retirement -- this program assumes that all
 

cropland in a production area is eligible for retirement under
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a single government program. Costs per acre for retiring
 

cropland is the estimated net revenue over cost of production
 

for crops included in each production area.
 

3. Long range land retirement with restrictions -- this program
 

assumes that retirement programs are limited to one-half
 

of all cropland in any production area. Costs per acre
 

are estimated as above.
 

Each of these land retirement programs form a set of restraints on crop
 

production for the particular model in which they are used. 
 In the model 

specifying a retirement program for each of the crops -- wheat, feed grains 

and cotton -- the restraints in the model restrict crop production in each 

production area by retiring a prespecified quantity of cropland for each 

crop. These programs require that 

aikRik > Kik (A-8)
 

where K is land removed from production in the i-th region under the k-th 

government program. 

The second type of program, long range land retirement, forms two 

types of restraints in the model in which it is used. When no limitation 

is placed on the amount of land retired in any production area, the restraint 

is of the form 

aikRik < Li (A-9) 

whereas in the model in which a restraint of one-half of any production 

area could be retired, the restraint is 

aikRik < .5Li (A-10) 
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One final restraint was added to the model which is unique. That
 

restraint was formed to express the relationship whereby all cropland must
 

either be used for crop production or retired under government programs.
 

This restraint requires that
 

aiXlj + a. Z + a R =L (A-li)
ii ii ij ij ik ik i 

thereby causing all cropland in each region to be used by one of the pro

duction or nonproduction activities. The decision of which process will 

use the supply of cropland is based on the associated costs specified 

in Equation A-1. As costs change for the alternative types of land 

retirement programs Rik, the optimal combination of activities will also 

change. But one set of optimal activities is infeasible because of the 

restraint formed by Equation A-11. That set of activities would be formed 

when the demand for crop production uses less than the available supply 

of cropland. Under these conditions the optimal and perhaps "first-best" 

outcome would be for the model to leave this cropland unused. But 

equation A-11 will not allow this outcome. Rather the model simulates 

present political realities whereby land unrequired for crop production 

does not return to grass or trees but is held in nonuse under government 

programs. Within these constraints farmers still attempt to form 

efficient production units to minimize total production costs for the 

agricultural sectors. Similarly, the model of this study derives an optimum 

set of activities which will minimize the total cost of production, 

transporting, shifting and shipping commodities to satisfy the specified 

levels ofdormestic and international demand. The constraint specified 
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in EquationA,11 phevents-the attaiIment of ,one set of optimum activities
 

and through the use of shadow prices,generated by the.model provides a. 

measure of. the net! onortnilitv costs of commodities ' roduced at the 

margin. 



APPENDIX B - PRODUCTION EFFECTS 

E9fects on crop production and land retirement-ofincreasing
 

food aid shipments was evaluated as part of this study. The interregional
 

nature of the model provided a means of measuring the regional effect
 

of changing shipments levels under PL. 480:programs. Both the magnitude
 

and location of crop acreages required for different levels of P.L. 480
 

shipments was.part of the results derived. 
These additional aspects of
 

these models are discussed below for the different farm programsanalyzed.
 

Production Effects with Unlimited Long-Term Land Retirement
 

During the period 1966-68 an average of 373 million bushels of wheat
 

was annually exported under P.L. 480 programs. According to data shown
 

in Table B-l, this quantity of wheat (Level 5 - 375 million bushels of
 

wheat) requires 14.1 million acres of cropland for wheat production,
 

using the 1970 level yields of this study. Given the level of domestic
 

demand postulated (591 million bushels) plus 300 million bushels of commercial
 

export demand total wheat acreage necessary is estimated at 56.1 million
 

acres. 
 Of the acreage produced for P.L. 480 programs, nearly 60 percent is
 

located in the Northern Plains. Other major areas include the Corn Belt
 

(2.4 million acres), Southern Plain (2.1 million acres) and the Mountain
 

states (2.3 million acres).
 

In contrast to the effects of shipping 375 million bushels of
 

wheat, if P.L. 480 shipments were eliminated, total wheat acreage
 

declines to 43.0 million acres.. Other alternative levels of shipments
 

would have less severe effects. But all reductions in wheat shipments
 

have a positive effect on land retirement. These estimates suggest that
 



Table B-1. 
Acreages of Cropland used for Crop Production or Retired under Government Programs

Assuming the U.S. Employs a Long Range Land Retirement Program with no Limits on
 
Retirement in any Production Area.
 

Crop and2 / 1/
Level of P.L. 480 Shipment;--

Landuse- 0 2 43 5 6 7
 

Wheat 

Acres Harvested 42,992 46,016 48,511 50,303 56,143 59,766
53,256 58,169

For P.L. 480 0 3,080 
 5,828 8,663 11,397 14,096 16,214 18,578

Northeast 0 
 0 0 0 72 72 117 345
Lake States 0 0 
 24 82 236 518 518 520

Corn Belt 0 
 0 0 0 64 464 1,727 2,360
N. Plains 0 2,860 
 4,474 5,667 7,723 9,009 9,009 9,009

Appalachian 
 0 0 0 43 43 63 63 142
 
Southeast 0 0 0 0 15 15 29 41
Delta 0 100
0 265 270 270 274 306
S. Plains 0 81 
 90 627 1,181 1,806 1,912 2,439

Mountain 0 95 
 843 1,459 1,473 1,473 1,738 2,304

Pacific 0 44 
 297 320 320 406 827 1,112
Acres Retired 66,625 63,399 60,907 
 58,718 55,799 50,481
52,965 48,416
 

Feed Grains
 

Acres Harvested 87,169 88,093 88,927 89,597 90,287 91,095 91,907 92,612
For P.L. 480 0 883 1,696 2,366 3,086 3,933 4,745 5,431
Northeast 0 0 0 0 
 0 0 0 0
Lake States 0 0 0
0 137 433 808 924

Corn Belt 0 504 1,169 1,625 1,969 2,055 2,329 2,794
N. Plains 0 398
322 459 615 1,021 1,103 1,103
Appklachian 0 0 0 0 
 0 0 17 17

Southeast 0 0
0 0 
 0 1 11 13
Delta 0 ii 19 19 
 19 19 19 21
S. Plains 
 0 7 71 152 152 188 188 334
Mountain 
 0 16 16 88 171 171 199 199

Pacific 0 23 23 23 
 23 45 71 71
 

Acres Retired 60,494 59,579 58,718 
 57,943 57,018 55,170
55,974 54,468
 

rable continued...
 



.Table B-i (Continued)
 

propan
ro d/2/ Level of P.L. 480 Shipments-..

-Land Use

0 1 2 3 4 5 .6 7-


Cotton
 

Acres'Harvested 11,149 12,274 13,579 14,387 15,323 
 16,296 17,051 17,734

For P.L. 480 0 1,125 2,430 3,238 4,174 5,147 5,903 6,586
 
Corn Belt 0 0 173 173 173 173 173 - 173
 
Appalachian 0 
 0 0 0 19 386 423 452
 
Southeast 0 50 329 329 
 338 383 610 :857
 
Delta 0 396 398 642 718 
 1,227 1,330d 1-,399

S. Plains 0 656 1,507 2,071 2,903 2,928 3,169 3,169

Mountain 0 23 23 
 23 23 23 171 .171
 
Pacific 0 0 
 0 0 0 27 27 .365
 

Acres Retired 60,205 59,365 
 58,345 57,781 57,227 56,340 55,868 5545
 

1/ Quantities are (Mil. bu. wheat; mil. tons feed grains; mil. bales cotton)

Wheat, 0 75 150 225 300 
 375 425 525.
 
Feed Grains 0 1.5 3.0 4.5 
 6.0 .7.5 9.0 10.i5
 
Cotton 0 1.0 2.0 
 3.0 4.0 5.0 6.0 7.0
 

2/ Acreages are specified for each crop as shipments under P.L. 480 programs are expanded :for that
 
particular crop. Exports of all other cwops are held constant under that model. The-etired
 
acres are also specifically related to the level of exports of that crop under P.L. 480 progarms 
but are total acreages retired from all crops.
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for 1970 technology, shipping 375 million bushels of wheat under P.L. 480
 

programs leaves some 53.0 million acres for retirement under government
 

programs. Reducing P.L, 480 shipments to 225 million bushels (Le-el 3)
 

increases land retirement to 58.7 million acres and eliminating these
 

shipments completely leaves a total of 66.6 million acres 
unused- /
 

Shipments of feed grains under government sponsored programs are
 

considerably smaller than wheat. 
 In 1966-68 an average of 2.6 million
 

tons of feed grains were shipped into export market under these programs.
 

This level of shipment is estimated to require 2.4 million acres and combined
 

with domestic and commercial export demand requires a total of 89.6 million
 

acres of feed grains with the yield levels postulated.V As might be
 

expected the Corn Belt is the major producer for P.L. 480 programs, with
 

nearly 70 percent of the acreage located in this region. The comparative
 

advantage of production in this region combined with low cost water
 

transportation to the Gulf ports gives the Corn Belt an advantage in
 

supplying feed grains to the export market.
 

Shipments of cotton under P.L. 480 programs averaged nearly 1.0 million
 

bales in the 1966-68 period. 
This level of shipment is estimated to require
 

1.1 million acres of cotton with approximately 65 percent located in the
 

Southern Plains under this type land retirement program. Eliminating
 

cotton exports under P.L. 480 programs drops total acreage to 11.1 million
 

acres. Retired acres of major cropland total 60.2 million but this assumes
 

1/ 
 These figures are based on the assumption that 3.0 million tons of

feed grains and 2.0 million bales of cotton are still shipped under
 
these programs. Eliminating all P.L. 480 shipments would increase
 
acres retired still further.
 

2/ 
 Acreages of feed grains totaled 95.4 million acres in 1969, wheat-used
 
47.6 million acres and cotton was harvested from 11.1 million acres.
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Sshipments of 3 million tons of feed -grains'and 225 million bushels of wheat
 

remai.,
 

'roduction Effects with.Limitations on Long-Term Land Retirement
 

The general outcome of placing a limitation on land retirement is
 

an-increase in the acreage required to produce a given level of crop output.
 

The change in wheat acreages is not very significant however -- showing an
 

increase of approximately one-half million acres for the same level of de

mand and the limitation on retirement. For example, shipment of 150
 

million bushels (Level 2) with a 50 pe.rcent limitation on retirement re

quire 49.0 million acres (Table B-2) while the unlimited retirement pro

gram require 48.5 million acres (Table B-i). The-resource cost of this
 

change is the production costs and use of an additional half million acres
 

of cropland for wheat production. If each acre had production costs of $20
 

per acre, this additional cost would total $10,000,000 for this type program.
 

The increase necessary for feed grain acreage is somewhat greater,
 

averaging somewhat over 3 million acres. The larger change in feed grain
 

indicates the greater difference in crop yields between areas. As a limit
 

is placed on the retirembnt of cropland, production is required on acres
 

in less productive area. Also, some land must be retired for production
 

in highly productive areas if supply is not to exceed aggregate demand.
 

Consequently, production is shifted from highly productive areas to less
 

productive areas with the result that lower yielding acres are used and
 

a larger number of acres are required to produce the same level of output.
 

This shift is more significant for feed grains (cornespecially) than for
 



Table B-2 Acreages of Cropland used for Crop Production or Retired under Government Programs
 
Assuming the U.S. Employs a Long Range Land Retirement Program with a 50 Percent
 
Limit on Retirement in any Production Area 

Crop and 1 /1/
Land 2/ Level of P.L. 480 Shipment=

0 1 2 3 4 5 6 7 

Wheat (thousand acres)
 

Acres Harvested 43,308 46,430 48,995 49,937 52,526 55,199 57,958 60,430 
Fou P.L. 480 0 3,142 6,251 8,752 11,170 13,915 16,564 18,959 
Northeast 0 0 0 0 235 318 345 345 
Lake States 0 0 0 54 236 236 490 563 
Corh Belt 0 0 0 11 462 720 1,151 2,415 
N. Plains 0 2,799 5,229 6,758 7,073 8,672 9,920 9,920 
Appalachian 0 0 21 64 75 75 75 150 
Southeast 0 0 1 1 14 27 30 53 
Delta 0 18 22 163 306 306 306 307 
S. Pk.ins 0 81 81 99 805 1,217 1,860 2,077 
Mountain 0 179 745 1,282 1,558 1,558 1,558 2,300 
Pacific 0 65 152 320 406 786 829 829 

Acres Retired 63,260 60,628 57,903 56,270 53,411 50,720 47,786 45,299 

Feed Grains 

Acres Harvested 90,226 91,012 91,653 92,533 93,275 94,226 95,042 95,817 
For P.L. 480 0 793 1,588 2,428 3,082 4,009 4,825 5,713 
Northeast 0 0 0 0 0 0 0 0 
Lake States 0 0 0 0 0 342 808 1,000 
Corn Belt 0 546 1,250 1,625 1,971 2,056 2,289 2,610 
N. Plains 0 126 217 501 706 1,094 1,195 1,550 
Appalachian 0 0 0 0 0 17 17 17 
Southeast 0 0 0 0 0 0 0 17 
Delta 0 10 10 10 10 24 24 27 
S. Plains 0 7 7 73 176 203 209 209 
Mountain 0 81 81 174 174 202 212 212 
Pacific 0 23 23 45 45 71 71 71 

Acres Retired 57,740 56,882 56,270 55,120 54,187 53,125 52,253 51,302 

Table continued... 



Table B-2. (continued)
 

Crop and 

..
Land 2/ Level of P.L. 480 Shipments

0 1 2 3 4 5 6 7 

Cotton 

Acres Harvested 
For P.L. 480 
Corn Belt 
Appalachian 
Southeast 
Delta 
S. Plains 
Pacific 

Acres Retired 

11,186 
0 
0 
0 
0 
0 
0 
0 

54,792 

12,375 
1,189 

0 
5 

140 
399 
23 
0 

54,000 

13,598 
2,412 

0 
34 

338 
458 
23 
0 

52,781 

14,411 
3,225 

83 
143 
347 
732 
23 
0 

51,974 

15,465 
4,279 
173 
452 
357 
913 
'23 
0 

51,461 

16,458 
5,240 

173 
509 
364 

1,261 
23 
0 

50,933 

17,336 
6,034 

173 
509 
706 

1,331 
192 
27 

50,422 

18,095 
6,761 
173 
509 

1,108 
1,331 

248 
224 

49,976 

1/ Quantities are (Mil. hu. wheat; mil. tons feed grains; mil. bales cotton)Wheat 0 75 150 225 
 300 375 425 525
Feed Grains 0 1.5 3.0 4.5 6.0 7.5Cotton 9.0 .10.50 1.0 2.0 3.0 
 4.0 5.0 6.0 7.0 
2/ Acreages are specified for each crop as shipments under P.L. 480 programs are expanded for thatparticular crop. Exports of al 
other crops are held constant under that model. 
The retired
acres are also specifically related to the level of exports of that crop under P.L. 480 programs
but are total acreages retired from all crops.
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wheat since there is a greater difference in corn yields between regions.
 

The effect on cotton acreage is completely insignificant. Cotton
 

uses a relatively minor acreage of cropland and hence is almost unaffected
 

by a change in the land retirement program. Also, for areas where cotton
 

is grown, its competitive position is relatively great and almost no other
 

use of this cropland is competitive. Thus placing a limitation on retirement
 

of marginal cropland does not cause a shift in production and total acreage
 

of cotton remains independent of the program.
 

One effect that does show clearly under the cotton program analysis
 

is the difference in total acres retired under the two programs. 
As a
 

limitation is placed on the proportion of cropland which is retired in
 

each region, total acres retired declines. This result is consistent
 

with the previously explained effect on production. As retirement is
 

restricted more acres are required to produce a given level of output;
 

less acres remain idle and eligible for retirement under a government
 

program. The total cost of crop production rises as more acres are farmed
 

but the cost of land retirement may decline with fewer acres retired if
 

a similar price level is established.
 

Production Effects with Annual Land Retirement
 

Annual programs of the type used for major crops in recent years
 

represent a further step toward limiting the proportion of any region
 

which can be retired. These programs generally limit any farmer to
 

retiring 20 to 50 percent of his farm. 
Payment levels are adjusted to
 

encourage land of all levels of productivity to enter the program. Thus
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retirement'is spread widely over all crop producing regions with few
 

regions retiring more than the minimum amount sihce some farmers do not 

participate in the programs.
 

The result of further spreading retired acres over more regions is
 

substantially enlarged acres of wheat. The major explanation is that as
 

crop acres are restricted in each region, some additional price pressure
 

causes a shift in demand for feed grains and wheat. With enlarged demand
 

for wheat, acres of wheat produced increase. This effect clearly shows
 

up in these data; wheat acreage increases over 8 million acres while
 

feed grains remain about constant (Table B-3). Output of feed grains
 

declines and output of wheat rises, feed grain acreage remains relatively
 

constant as more marginal acres are placed in production and average yield
 

decline. Wheat acreage rises to offset the decline in feed grain production
 

and thus the total feed unit output of wheat and feed grains is maintained.
 

In this way livestock production would reamin unchanged between the various
 

land retirement programs.
 

As with the previous program changes analyzed, the shift to even a
 

more restricted program causes almost no change in cotton acreage. But a
 

sizable effect does show up on total land retirement. As land in all
 

regions is placed in land retirement programs, less total acres are retired
 

to reduce output by a given amount. This reduction varies from 6 to 10 million
 

acres under the various commodities and level of P.L. 480 shipments con

sidered.
 

Generalizing, the major effects associated with the more restricted
 

programs are (1) a larger acreage of cropland is required for major crop
 



Table B-3. Acreages of Cropland used for Crop Production or Retired under Government Programs
 
Assuming the U.S. Employs Annual Land Retirement-direct Payment Type Programs for
 
Wheat, Feed Grains and Cotton. 

Crop and 
Land Use/ Level of P.L; 480 Shipment-

0 1 2 3 4 5 6 7 

Wheat (thousand acres) 

Acres Harvested 51,486 54,624 5;,799 60,223 62,329 63,806 65,675 67,266 
For P.L. 480 0 3,138 6,313 9,095 11,768 14,302 16,409 18,706 
Northeast 0 0 0 27 71 99 345 343 
Lake States 0 0 0 0 59 104 220 220 
Corn Belt 0 0 0 407 601 709 1,844 2,477 
N.Plains 0 1,799 3,867 5,780 7,260 9,284 9,487 9,921 
Appalachian 0 0 0 0 100 109 167 167 
Southeast 0 0 0 4 17 29 58 58 
Delta 0 2 3 224 271 311 311 311 
S.Plains 0 496 505 580 677 677 751 1,527 
Mountain 0 1,559 1,723 1,847 2,415 2,430 2,522 2,555 
Pacific 

Acres Retired 
0 

53,596 
198 

50,458 
215 

48,108 
226 

46,365 
297 

44,687 
550 

43,357 
704 

41,558 
1,125 

39,625 

Reed Grains 

Acres Harvested 89,352 90,739 91,437 92,177 93,881 94,038 94,906 95,700 
For P.L. 480 0 1,445 2,167 2,917 3,481 4,628 5,505 6,360 
Northeast 0 26 26 26 26 26 26 26 
Lake States 0 36 113 152 152 252 587 900 
Corn Belt 0 161 798 1,425 1,968 2,292 2,365 2,458 
N. Plains 0 454 454 504 504 1,056 1,367 1,809 
Appalachian 0 0 0 0 0 0 36 36 
Southeast 0 0 0 0 15 30 46 46 
Delta 0 25 25 30 30 105 105 105 
S.Plains 0 116 124 153 153 176 282 282 
Mountain 0 377 377 377 382 441 441 441 
Pacific 0 250 250 250 250 250 250 257 

Acres Retired 47,493 46,365 45,501 44,777 44,081 43,304 42.515 41,821 

Table continued... 



Table B-3. (continued)
 

Cropand2/
 

Cro2and , 
 Level of P.L. 480 ShipmentsI/
Land Use
0 1 2 3 4 5 6 7 

Cotton 

Acres Harvested 
For P.L. 480 
Corn Belt 
Appalachian 
Southeast 
Delta 
S.Plains 
Mountain 
Pacific 

10,596 
0 
0 
0 
0 
0 
0 
0 
0 

11,875 
1,282 
107 
188 
20 

316 
619 
32 
0 

12,850 
2,266 
173 
191 
366 
694 
740 
72 
30 

13,882 
3,312 
173 
509 
378 

1,029 
1,121 

72 
30 

14,985 
4,179 

173 
509 
378 

1,294 
1,507 

225 
93 

15,972 
4,937 

173 
509 
436 

1,294 
1,964 

225 
336 

17,021 
5,927 

173 
509 
867 

1,330 
2,485 

225 
338 

17,839 
6,676 

173 

943 
1,334 
3,105 
248 
365 

Acres Retired 47,475 46,772 46,365 45,614 44,999 44,392 43,877 43,382 
LR 

1/ Quantities are (Nil. 
Wheat 
Feed Grains 
Cotton 

bu. wheat; mil. tons feed grains; mil. bales cotton)
0 75 150 225 300 375
0 1.5 3.0 4.5 6.0 2,5
0 1.0 2.0 3.0 4.0 5.0 

425 
9.0 
6.0 

525 
10.5 
7.0 

2/ Acreages are specified for each crop as shipments under P.L. 480 programs are expanded for that
particular crop. Exports of all other crops are held constant under that model. The retired acres
are also specifically related to the level of exports of that crop under P.L. 480 programs but
 
are total acreages retired from all crops.
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production as land retirement programs are restricted in each region,
 

(2) fewer total acres have to be retired to reduce output by a given
 

amount, and (3) cotton production is nearly unaffected by the shift in
 

land retirement programs. On a regional basis enlarged shipments of wheat
 

under P.L. 480 programs causes a major increase in wheat acreage in the
 

Northern Plains. Enlarged shipments of feed grains show major effects
 

on Corn Belt acreage and the major effects of enlarged cotton shipments
 

accrue to the Delta and Southern Plains regions. For the maximum shipment
 

levels analyzed, total crop acres for the major crops shown require over
 

30 million acres of cropland, some 10 percent of total land used for
 

crops in recent years.
 




