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STMULATED EFFECTS OF ALTERNATIVE POLICY AND ECONGMIC

ENVIRONMENTS ON U.S. AGRICULTURE, 1932-1967

Fistorically, povernment price a2ad income farm programs have been
aimed at specific commodity grouns. Luch commodity program has its own
price supports, target prices, acreage aliotzents, marketing quotas, or
other instrumental veriables., Within the framework of congressional
legislation, program aaministrators snnually announce the levels of these
strategic viriables for each commoditv, The collection of variable levels
for all progrims represents one point in a set of possible combinations.
The level or each government policy parameter or variable not enly arrects

a particular commodity but also related agricultural commodities, the

-

entire agricultural scctor, and the economy as a whole.

Past econometric investigacicns have atcempred to analyze the impact
of government poiicies in the aggregate 712, 17, 33 or on specific
commodities _4, 20, 28,. The nauaber 0. fovermaent program variables and
allowances ror substitution bectween commodicics (in the foirm of resource

use or rinal demand) dre nccessarily limited in chese studies. An analysis

of the effects of & change ia & commoaity-speciiic policy iastrument on
nirce use, production, urilization and resource returns on that commodicy,
related commodities, and aggregave agriculture requires integracing the

agricultural factor and commocity mirkers., This study is an attempt at

such an integracion. It provides the results of 17 simularions. The



conditions simulated are: (a) the removal of government price and income
support programs, (b) increases in input prices, (c) restrictions on pro-
duction elasticitier, (d) variations in commodity support activities, and
(e) limitations on acreages.

The simulation model results incorporate specific government colicy
variables For najor agricultural commodities and, where feasible, permits
interactions among commodities. This regsearch involves two phases. Pirst,
sectorial mudels are developed for livestock, feed grains, wheat, soybeans,
cotton, and tobacco. Each sectorial model causally links resource use,
production, price, final demand, and gross receipts for the particular
commodity. The policy variables incorporated in equation specifications
include price supports, acreage diversions or allotments, and direct
government payments. Second, simulation experiments are run with the
model to determine the model's validity and to analyze the impacts of

alternative levels of government policy, prices, and technology.

Overview of the Model

The agricultural economy is disaggregated into commodity groups for
which submodels are established. The commodity groups are livestock,
feed prains, whealt, soybeans, cotton, and tobacco., The relations in each
submodel sequentially depict the commodity's yearly production cycle from
acreage planced (in the crop models) to the level of resource use, pro-
duction, price, commodity disposition, and finally to gross income. This
sequentinl orde—ing attempts Lo capture the recursive nature of agricul-

tural production. The submodels, or blocks of commodity equations, are



brought together to form the overall simulation model in a manner that
pres. ves the recursive structure. The submodel organization permits

the explicit inclusion of appropriate gcvernment policy variables for

individual commodities. The primary and secondary effects of a change
in a commodity policy variable are traceable through the squations of

the relevant commodity, relaved commodities, and total agriculture.

The general structure of each commodity submodel is as follows:

(a) acreage and resource demand varinbles ave functions of previous year
prices and gross incomes of the commodity under consideration and related
commodities, acreage allotments or diversions, previous year resource
prices, and resource demand shifters; (b) commodity production is dependent
on the quantity and productivity of resources committed to the commodity;
(c) commodity supply depends on production, carry-in, and impcrtrs; (d)
commodity price is dependent on the price support level, the discrepancy
between current year supply and previous year domestic and foreign utili-
zation, and other variables; (e) commodity demands are functions of current
year prices of the commodity and related commodities @nd demand shifter
variables; and (f) commodity gross income is dependent on current year
commodity price, productions, &and government payments.

Figure 1 is a visual presentation of the model's functional relation-
ships. ‘The pie-shaped sections represent the six commodity submodels. The
variable code names are composed of two parts. The first letter (or letters)
identifies the commodity or aggregate name. The remainder of the code

identifies the specific variable being measured. Variable definitions are



"N LIVESTOCK IFEED
AN { GRAINS

Figure 1. A schematic diagram of the simulation model



listed in table 1. Dependent variables in the figure are enclosed in
rectangles; exogenous variables are surrounded by ovals. Causal
ordering is indicated by the direction of the arrow. Lagged values of
variables appear outside the perimeter of the circle. The broken circles
parciticn the current dependent variables into three subsets. The area
bounded by the circle perimeter aud outer dotted circle contains pre-
input variables; the area between the broken circles contains input
variables; and the output variables appear within the inner broken circle.
This categorization of variables into three groups facilitates presentation
of the relationships and brings out the recursive aspects of the submodels.
The pre-input sections of the submodels contain equations to estimate
acreage (in the crop submodels), ending calendar year stocks of machinery
and commodities, the value of land and buildings used in producing the
commodity, and total value of physical assets committed to the commodity.
Other equations are included to aia in generating the stock estimates;
land price equations provide estimates for the value of land relations;
estimates of m ‘hinery purchises are utilized in the machinery stock
equations.
Equations in the imput sections of the submodels use infermation
generated in the corresponding commodity's pre-input section along with
other data to estimate commodity input demand levels. The input categories

included in this section correspond closely to those used by the USDA's

1This categorization of variables is similar to variable groupings
used by Tyner and Tweeten [33] in their aggregate model of agriculture.






Farm Production Ecoromics Division for calculating aggregate input costs
f187). Current or monoperiod factors of proc ction included in the input
sections are fertilizer and lime, seed, labor and machinery operating
expenses, Other equations estimace the flow of services from, or the
opportunity costs of, polyperiod or durable resor rces. Machinery expense
(interest and depreciation), real estate expense, interest on commodity
stocks, and reali estate taxes fall ii.to this latrer group of inputs,

The final set of categories, or output sections, contains production
functions, supply identities, price equations, commodity utilization
and ending crop year inventory equations, and gross income equations.
The livestock output se _.ion includes equations to estimate the number
of livestock production units fed, livestock marketings, the price of
livestock, and gross receipts from the sale of livestock.

In addition, the simulator contains a set of ddentities which
sum variable estimates for the separate commodities into national

estimates, Variable levels of commodities not in the model are treated

as exogenous, or given, data and are included in the identities,

Some Comments on Equation Specification

Resource use equations

Status firm theory relates the levels of resource use to their
prices and productivities and to commodity prices. This theory must
be modified to estimate resource use in the real world where farmer
capital is limited and response to price and productivity changes is

less than instantaneous. Because of the biological lag in agriculture



between resource commivment and realized output and price, resource
equations are specirficd as functions of previous year input and commodity
prices. Previous vear yross incomes, the ratios of assets to liabilities,
and measures of asset stocks are included as demand shifters to represent
the influence of the availability of capital funds., The income variables
indicite chianges in the avadlability ot iaternal runds, while other
viriables serve as measures of berrowing capacity, The distribution of
income, liabilities, and assets among produccrs has an important influence
on agprepate resource demands, Recause of the lock of more precise data,
however, apgroegote measures of these financial variables are used. Since
time is required to adjust resource use to chauging prices, input pro-
ductivities, and capizal constraints, many of the resource use equations

-

are {ormulated with a geomerrically distributed lag structure,

Produstion functions

Cobb-Dougins production functions are cstimated for each crop in
the models for each of lour time periods, Input variables appearing in
the input section ol the crop's submnodel are the determinants of that
crop's producrion ievel. “he functions are not estimated directly but
are constructed afler separate estimation of each individual partial
production elasticity for edach of the four time periods. F[actor share
data are used vo compute the parcial input production elascicities.
Factor shares are valid cscimates of partial production elasticities
only if cconomic equilibrium prevails. An adjustment modcl suggested

. . [l - .
by ‘Tyner and 'fweeten {321 is used to correct the ractor sha.e estimites



for divergence from tne equilibrium position. In estimation, dummy
variables are used to permit the separately estimited partial production
elasticities to chinge over the observation period. The dummy variable
structure used results in crop production {unctions for 1930-39, 1940-49,

1950-58, and 1959-67,

Price and domaad equacions

The specifiicacion oi the coumodity demand and price equations
is based on o recursive interpretation of murket forces. CGiven
the technology ievel, commodity production (and for the most part
commodity supply) is determined by the prices of output and resources
of the preceding vear. Thne velative size of the predetermined supply
determines the current commocity price, and the quantity demanded
ig a function of current price. The reiative size of current supply
can be measured in relation to tae quantity demanded for domestic
anu foreign use the preceding year. <Crop price equations weve specified

as fuactions of last vear's nrice, the difference between current
y P4 )

&

supply and last year's utilization, and the commodity's average support
price.

Separate relations estimate domestic demand, exporcs, and ending
year inventories for each crop as funcrions of current year price
and relevant demand shifter variables, such as the number of livestock

production units and per capita consumer income.,
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perform on the real eccaomic system can be conducted with a simulation
model of the system. The model can be used to provide decision makers
with information on the probable impact of a policy change on the real
system before the change is introduced into the system itself.

Fconometric simulation models are not restricted by imposed optimi-
zation rules. The agricultural sector is influenced by a wide range of
cont inuously changing forces, so that the agricultural economy can be
considered Lo be in a constant stage of disequilibrium. Even if optimi-
zation is the utlimate goal of participants in the agricultural sector,
uncertainty and other considerations influence the path that farmers
take in moving toward an equilibrium position. The 'feedback" charac-
teristic of simulation also adds realism to an agricultural policy model,
A feedback loop exists when a reultionship takes as data part of the
information generated in previous periods [26]. Simulation models that
solve relations sequentially parallel the real economy where decisions
of producers and consumers not only relate to current economic and tech-
nological environments but also are conditioned by past decisions and
actions.

The ability of simulation to link related subsectors and to utilize
feedback informition makes the technique extremely useful in tracing
primiry and secondary effects of alternative public policies. For
example, the primary effects of increased price supports for corn would
influence not only variables in the feed grain sector but also acreage

planted to soybeans and wheat. Secondary impacts might occur as increased
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income enabled feed grain farmers to purchase additional operating and
durable inputs the following year. Four or five years might be needed
for the model to work out all the indirect influ:nces on the commodity,

related commodities, and aggregate agriculture.

Previous simulation studies

During the last decade, simulation techniques have been used to
study a wide range of economic problems. Simulation models of finrs,
industries, subeconomies, and economies have been developed.

Duesenberry et al. [ 6] and Holland and Gillespie [ 14} have developed
simulation mouels of national economies, the former of the United States
and the latter of India. Simulation models of farm firms have been
constructed by Halter and Dean [11] and Zusman and Amiad [34]. Other
firm models are reported by Cyert and March [ 5], Bonini [1], and
Eisgruber [ 7). Naylor [21] reviews additional models that have been con-
structed to simulate the behavior of nonagricultural firms and industries.

Crom [ 3} has constructed a simulation model of the livestock meat
economy. lle used the model to appraise the erfiects of alternative margin
levels, foreign trade policies, and price stabilization policies on the
livestock industry. Craddock [ 2] presented a similar model. He investi-
gated the influence of the level of corn prices on the livestock economy.
Shechter [25) attempts to analyze alternative government farm policies
with a simulation model that integrates micro or firm benavior and macro

or aggregate behavior in agriculture.















against previous-year simulated commercial and export demand is used as

a determinant of feed grain price. The feed grain price estimate and
other variables, including the simulated level of livestock production
units from the livestock submodel, determine the current-year disposition
of teed grains. The {inal equation estimutes feed grailn gross income 48
a function ol current-vear production, price, aud governmenl payments.

A similar simulation procedure is used for the remsining commodity sub-

models.

Model validation

Fer use in evaluating policies, predicted equations in a simulation
model must be reasonably valid representations of the real system.
To be va'lid, the structural and tehavioral relationships in the model
shouid be theoretically acceptable, =nd the srocedures used to estimate
strucrural coefiicients should pe consistent with statistical theory.
Finally, the model should predict the behevior of the real system with

reasonable accuracy 21, 2

%]

Je

As in .1l cconomerric models, many theoretically acceptable speci-
fications are possible for eacn component relation. Lconomic theory,
a priori kuowledge of the agricultural sector, and specifications used
in related resciaceh were used to suggest the set of potential explanatory
variables for each dependent variable. Several meodel formulations were
tried before selecting the final model speciyication. Procedures used to
estimite structncal coefiicients ailow varying degrees of correlation
amemy, successive within-equation disturbances and among between-equation

disturbances.
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Simulation Results

Changes in certain exogenous data and selected parameters are now
made in the model to gain knowledge on what would have occurred in the
agricultural sector under alternative conditions. These "experiments"
proviage post-priori indications of the effects of different levels of
government polic. and other variables on resource usce ond farm lncome.
Results or rhe hiscorical simulations are also useful in evaluating the
likelv consequences of impilementing new government poiicies in the future.

The results from seventeen simulation runs are reported, The first
gimulation, or validation run, was brieflv discussed in the previous
sccetion. The results from the other simulactions are presented here.
Conditions simulated inciude: (@) the removal of government price and
income support programs, (b) increases in input prices, (c) restrictions
on production clasticities, (d) variations in commodity support prices,
and (o) limitations on acrenyes. The variable levels generated in coch
of the simulation models will be compared to variable level estimuates of
the vodideieion run rather than to actual daca. To conserve space, the
results wiil be reprrred and discussed for averages of at least eight

years.

Free market (sinulation 23

1o see now apriculture wouid nave fared under free mirket conditions,
all government policy varicbles are set to zero in simulation 2. The
estimated results, assuming uoc price supports, no diversions of excess

production, no acreage allotments or diversions, and no government payments,
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are reported for selected variables in tables 10 through 16 under column
heading SIM 2. The tabulated estimates are variable averages for 1932-39,
1940-49, 1950-58, and 1959-67.

The initial or first-year response to the removal of government
programs is an lncrease in crop acreage and production. As these addition-
al supplies reach the market, crop prices decline. TInelastic demands
cause prices to dcop by a larger percentage than supplies increase result-
ing in lower gzross incomes. Faced with lower prices and incomes, farmers
begin to reduce production. Simulation results indicate tnis reduced pro-
duction is not accomplished by taking land out of producticn, but rather
by applying fewer resources to each acre. Reduced resource use is par-
tially in response to lower crop prices, but capital limitations also play
an imporcant roie. Typically, thzo level of resources used by farmers is
not the quantity that sets tne value of the marginal product for eacn
resource equa. to its price. Waile tne reasons for this less-tnan-effi-
client use of resources are many, often times the equilibrium level of
resource use is prohibited by capital limitations. The reduced incomes
and lower land values in the absence of goverament programs decreise

. . . 1 ...
internallv gencrated capital and erode formers' borrowing base. I'nis

l’l'he model wis modified slightly to cliow the urilization of "feedback"
information on gross income levels to aid in determining land prices.  The
land prices generoted in simulacicen L oare used asg base datan to caleulate iand
orices in the other simajacion moaels, The simulation L current-yenr price of
land estimite for each crop is adjusted by a proportion ol the difference
between the simulation 1 estimite ol the erop's gross income cstimate for the
previous vear and the comparable gross income estimite in the simuiction under
consideration., To obtain the proportions, the price of land tor e.ch crop

continued
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tightening of capital constraints reduces the quantity of resources
farmers can afford. Farmers rely more on the nonpurchased inputs, such
as land and labor, and 'ess on fertilizer, pesticides, and more efficient
michines in their production activities.

fven though production for most crops declines with the removal of
government programs (after the second or third year), supplies are larger
than will clear the market al prices that existed when the government pro-
grams wevre in operation. 'These lower prices depress incomes throughout
the 1932-67 period of analysis. Tne assumed removal of acreage diversions
and allotments causes acreage increases for feed grains, wheat, and cotton
during the last period of cnalysis, 1955-67, to more than offset reductions
in input usc per acre. The resuiting increasecs in supplies further depress
prices and gross incomes during the 1955-67 neriod.

Tn contriast to the other crops, soybean production estimates in the
free mirker model are above the validition run levels throughout the entire

1932-67 pericd. Lower prices for feed grains are translated into increased

soybean acresges via thic soybean acreage tuncl.on, Over the 1932-67 period,
the soybean production estimate is 6.4 percent higher, but the soybedn
acreage estimate is 35.5 percent above simulation 1 results. Less pro-
ductive land would likely be drawn into soybean production in addition to

the use of less resources per acre. The implied sovbean yield per acre in

foolnote ! continued from page 39: was regressed on the one-year lag of

the respective erop's gross income variable using observed data from 1930-67.
The cociricient eostimices dssociated with the lagped gross income variables
for each ot the crops hecame the proportions. The estimited coefficients

on the ldgued ,ross income veriables were: 054 for feed grains, .024 for
wheat, .074 ijor sovbeans, .0l8 for cotton, and .083 for tobuacco.
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the validation run is 22.4 for the 1932-67 period, while the comparable
average yield in simulation 2 is 17.7.

The number of livestock production units increases somewhat in
response to lower feed prices. The index of livestock marketings is 4.7
percent hipher than the validation run for the 1932-67 period, while the
index of livestock prices deciines 3.0 percent.

Crop price estimates under free market conditions are lower by 46.0
percent for feed grains, 29.8 percent for wheat, and 21.1 percent for
soybeans for the 1932-67 period,

Gross incomes by commodities and for the entire agricultural sector
are estimated to have been substantially lower in the absence of govern-
ment programs. (ross income estimates for feed grains during the 1932-
67 period declined 26.9 percent from the simulation 1 level. Cotton and
tobacco gross income estimutes show the largest percentage drop at 59.6
and 43.2 percent, respectively. Naticrally, total gross farm income
estimates average $3.7 billion lower than the simulation 1 results during
the 1932-67 peviod ($27.5 billion and $23.8 billion for simulations 1
and 2, respectively). Since total production expenses do not drop pro-
portionally, annual net income estimates decline by nearly one-third from
$10.6 billion to $7.3 billien on the average for the 1932-.7 period.

National estimates for ail of the resource-use categories are lower
except for seed and labor., ELstimated fertilizer and lime demand for the
1932-67 period is down 6.0 percent from the simulation 1 level, and during

the 1940-49 period fertilizer and lime expenditures (in constant 1947-49
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dollars) are 13 percent below the validation run estimates, Because of
decreased machinery purchases and lower machinery stocks, machinery
expense estimates are down 5 percent. The real estate expense, fuel,
0il, and repairs cxpense, miscellancous expense, interest on crop and
livestock stocks, and real estace tax estimates range from 3.6 to 2.5
percent beiuow simulation 1 results, The high complementary relationship
between seed expense and crop acreapes causes the seed expense estimates
in the freec market model to be above the validation run results.

Many proponents of returning agriculture to free market conditions
contend that government programs hive slowed the outmigration of farm
labor to nonfarm employment and thus hindered needed resource adjustments.
The results of this study indicate, however, that the outf{low of labor
from agriculture is larger with the historic farm programs in operation
than wouid have occurred under frec markets. The apparent reason for
this rather suvrprising result revoives around capital limitations and
other manifestarions of uncertainty typically fournd in agriculture.
Apparentiv, iucreased iucome and bigher and more stable prices resulting
from ypovernment programs have provided the capital and security efficient
farmers have needed to substituce michines and other highly productive
capital inputs for their own and hired labor (12, 31). To realize
economics ol scale associated with larger machinery, these farmers have
exprnded their operations by securing land operated by other farmers who
have retired or transferred to off-farm jobs. As a result, agriculture

uses less labor on fewer but larger farms. The magnitude of these changes
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appears to be greater than would have occurred in the absence of farm
programs.

It seems clear that acreage diversion and price support programs of
the federal government have accelerated the adoption of new production
techniques, increased the use of fertilizer, and aided in the mechanization
of agriculturc. Simulution vesults suggest that this shift from labor to
capital iIntensive techniques would have occurred without government pro-

grams but at a slightly slower pace.

Changes in input prices and sroduction elasticities

Modern agriculture has been transformed from a labor to a capital
intensive industry. Changes in the relative prices of labor and capital,
technicai development of capital icems, increases in idoption rates, and
possibly security provided by farm programs have causcd farmers Lo use
more capital and iess labor in cgriculcural production. The decline in
the real price of many capital iaputs for agriculturc hes resulted from
technological improvement and competition in “irms and industries that
produce these inputs.

In simulation 3 through 6, input prices and input production elastic-
ities are altered from their observed values. Inform:tion on the influer .
of input prices and productivities on resource use, commnodity prices, and
incomes is very useful. Surpluses and low returns in agriculture have
occurred because the productivity of resources used by producers has
“1creased and the quantity of these resources used is larpe relative to

the demand for agricultural products.



4t

One method of reducing output is to reduce the quantity of resources
devoted Lo agricultural production. Acreage allotments and diversions
have been used to reduce the land input. But output does not decline in
proportion to lend withdrawn, vYarmers usually take their less productive
land out of production., More important'y, the capital and labor formerly
used on the idled lLand is transferred to the remaining crop acres.
Furthermore, pavments mide to farmers for idling land provides farumers
with the wherewitnal to buy more capital inputs. The result of these
factors is that farmers apply the larger amounts of capital inputs to the
nonidied land, causing the anticipated output reduction from the idled
land to be oifsci by greater output from the remaining land.

Control of inputs has centercd on land since land withdrawals are
relatively easy to poiice. While agricultural programs could be directed
at reducing the quantities of capital and labor used, quota systems on
these inputs would be diificult to eniorce. Reductions in the use of
capital inputs could be accomplished indirectly by raising input prices.
The government could levy taxes On the producers of capital inputs which
would be passed along to farmers in the form of higher prices. Higher
input prices would encourage the usc of less capital inputs, thereby
reducing production and increasing commodity vrices, incomes, and resource
returns.,

Out put increases could also be slowed by reducing investments in
measures that increase farm resource productivity. Public financial
support for researching and communicating new farm technologies could be

reduced or even eliminated.
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Increasing input prices and (or) slowing technological advance as a
means of reducing production (or dampening production incredses) and
improving income have very serious drawbacks. F .tn conflict with the
notural torces of eccnomic growth. Agricultural policy should facilitate,
not retard, long-run adjustments in the optimal mix of national resources
used in farm and nonfarm scctors as well as encouriage teast cost resource
use within the farm sector. Artificiul increases in input prices and
limits on technological progress are at odds with accepted national gouls
of economic growth and of providing consumers with desired goods at least
resource cost.

Furthermore, at this point in time, attempts to slow technological
advances would be less than completely successful. While at one time most
of the research and knowledge dissemination was carried on by zovernment
agencies, most of these activities are now in the hands of private industry.
But the fact remains that the initial investments in activities to increase
the productivity of farm inputs originated in the public sector. The private
sector utilized and enlarged the knowledge Dbise generated within public
institutions and agencies.

Technoiogical progress iniluences the marginal physical productivities
of farm inputs and hence the position and shape of agricultural production
functions. For information purposes, simulaticn runs are made that assume
the c¢rop production funcrions derived for the 1932-39 period in this study
had remained in use thvough 1967. The resulcrs of these simulations are

discussed in the following sections. First, however, simulacions which
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investigate the impacts of increased input prices on the agricultural
sector are discussed,

Laput prices increased by 10 percent (simulation 3): 1In this

simulation all input prices that aid in determining the input demand
levels iire increiased by 10 percent. Input prices used in the model are:
price of machinery, price of fervilizer, price of motor supplies, price
of farm supplies, and the prices of wheat and cotton seed. All prices
are defluted by the implicit Cross National Product deflator and are in
index form (1947-49 = 100). The price of farm supplies is employed in
each of the commodity miscellaneous expen-¢ equations., The price of
motor supplies appears in all of the fuel, oil, and repairs expense
equations except for soybeans. Similarly, the price of fertilizer is
used in each of the crop fertilizer demand functions with the exception
of sovbeans. Only the tobiacco and cotton machinery purchases equations
contain the price of machinery, while the seed price variables are
specific to the wheat and cotton seed demand functions. The results of
simulation 3 are reported in tables 10 through 16 under column heading
SIM 3.

As expected, simulation results indicate that producers lower input
usage and production in the face of higher input prices. Production
estimates during the 1959-67 period are lower by 3 million tons for feed
grains, 24 million bushels for wheat, 6 million bushels for soybeans, 500

thousand bales for cotton, and 7 million pounds for tobacco.
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During the 1959-67 period, fertilizer and lime demands for feed grains,
wheat, soybeans, cotton, and tobacco drop fram their respective simulation 1
levels by the following percentages: 8.1, 7.9, 1.0, 2.1, 12.2, and 4.1,
Nationally, fertilizer demand is $119 million, or 5.3 percent lower than
the validation run estimate for the 1959-67 period.

The fuel, 0il, and repairs expense and miscellaneous expense estimates
are down by 5 and 4 percent, respectively, for the United States in the
1959-67 period. Livestock, cotton and tobacco, and fuel, oil, and repairs
expense levels are 14, 27, and 19 percent lower, respectively, in 1959-67.
Miscellaneous expenses decline by & percent for feed grains, by about 7
percent for wheat, cotton, and tobacco, and by 4 percent for livestock and
soybeans.

Lower production estimates result in higher crop prices. The price
of feed grains increases from $33.19 per ton in simulation | to $34.54
during 1959-67; wheat prices increase from $1.35 per bushel to $1.40 per
bushel; soybean prices rise from $1+84 per bushel to $1.87 per busiel.
Lower livestock production resuliing from the increased feed grain prices
causes the index of livestock prices to increase from 62.4 in simulation
1 to 63.1 in 1959-67. Because of lower capital input demand levels
associated with higher input prices, total United States production
expenses are lower by $410 miliion for the 1959-67 period compared to
simulation 1 results,

With inelastic demands, the increases in commodity prices are pro-

portionally larger than the reductions in commodity outputs. Hence, gross
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incomes are higher, although modestly. The average national gross farm
income estimate for 1959-67 is up $289 million ($30,674.1 million in
simulation 1 and $30,963.5 million in this simulation). Total net farm
income increased from $9.8 to $10.5 billion or 7 percent.

Table 17 shows three price elasticity estimates for fertilizer,
fuel, o0il, and repairs expense, and miscellaneous expense for certain
commodities. The first row of numbers for each input category uses the
"everything else held constant” elasticity concept that is presented in
all of the elementary economics textbooks. These static or short-run
elasticity estimites are derived from the econometric equations presented
earlier. For example, the feed grain fertilizer elasticity with respect
to price is cnlculated by multiplying the coefficient of the price of
fertilizer in the feed grain fertilizer equation by the ratio of the
1930-67 average price of fertilizer to the 1930-67 average level of feed
grains fertilizer demand, The first row of elasticities under each input
category indicates the percentage change in input demand associated with
a 1 percent change in the input's own price, everything else held constant.

The numbers in the second rows under the input groupings are the
"long-run' price elasticities of demand. These long-run elasticities
again assume that output prices, technology, and the prices of all other
inputs remain constant; however, time is allowed to elapse. The time
that is needed to overcome entrenched habits, institutional and psychological
resistance to change, and other barriers to immediate and complete adjust-

ments in input usage to price changes is assumed %o have elapsed. Long-run
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Table 17. Estimated static, long-run and model elasticities of demand
with respect to price for fertilizer and lime, fuel, oil and
rejairs and miscellaneous inputs for selected commodities?®

Feed
Livestock grains Wheat Soybeans Cotton Tobacco

Fertilizer and lime

Static - - .33 - % - -L17 -1.03,

Long-run b -2.27 ~2.36 b -2.17 -

Model - -1.79 ~-1.78 - -1.79 - .76
Fuel, oil, repairs b b

Static - .52 -—  =1,46 - -1.91 -1.57

Long-run -2.49 ——; - ——E -2.12 ==

Model -2.18 - -1.23 - -2.74  =2.25
Miscellaneous

Static - .68 —- .72  =1.05 - .47 -1.02  -1.63

Long-run - .82  -1.03 -1.39 -1.24 — -

Model - .85 ~1.01 -1.17 -1.08 - .79 -1.20

Uhe static and long-run elasticities arc computed from the econo-
metric equations at the 1930-67 vaviable means. The "model elastizity"
estimates are based on Simulation 3 results in which input prices were
increased by 10 percent.

b. . - . . . .
Input price did ao: appear in the econometric equation (of coursc,
the livestock model did not contain a fertilizer and lime equation).

c . .
Long-run elasticity estimate could not be computed because the

lagged input demend variable did not appear 1n the econometric equation.
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input demand elasticities can be calculated from econometric equations
that contain the lagzed dependent variable as well as the input's price
as explanatory veriables. Subtracting the coefficieni estimate of the
lagped dependent variable Lrom 1.0 gives the adjustment rate; that is,
the proportion of the adjustment in input demana in response to a price
chiinge that occurs in one year. Dividing the static input demand elas-
ticity by the adjustment rate vields the full or long-run response of
input demand to a change in input price.

The results {om simulation 3 provide us with a third measure of the
responsiveness of input demand to changes in own price. The response of
input demand to a change in its price derived from the simulation model
not only allows lags in adjustment but awlsc includes seedback znilucnces
on input demand resulting from chuanges In ocutput price. Tne stavic and
long-run eélasticity estimates assume constant output price. In reality,

A

output price will iikely change. A reduction in the usage of a highly
productive input, such as fertiiizer, resulting trom an increase in
{fervitizery price, lowers output. “The lower output level stimuliates the
averape price re.e'ved by rarmers and, with inelastic demand, gross
income increases.  The higher ovutput price and the 1ifving of capital
restraints, mede possible from higher incomes, tend to inecrease input
demand somewhat in succeeding yeurs. iience, the fecdback influence of
higher output price and incomes on input demand is ailowed to operate in

the simulator model.
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Attempts to use simulation 3 results to estimate changes in the
demand of a particular input associated with a change in price of that
input are obstructed somewnhat by the assumed changes in other input
prices. We would rather iecp other input prices constant and measure
the direct and indirect eifects ¢¢ a change in the price of a pavticular
input on trie usage or chat input. In the interes: of econowmy and brevi‘y,
simulaiion 3 results are used. The response estimites are also biused
gor~what pecause of the indircct influence that commoedity price and
incomes exert on input demands. Commoaity price (lapged one ycar) cnters
the model primnarilv via the acreage function. ‘The level of gross income
(lagged one year) influences the level of machinery purchases and land
prices. Fstimates of michinery purchises sre used to estimite michinery
stock levels. The acreage and land price estimates arc cmploved to
estimate the value of land and buildings. The average stock of machinery
and the stock of physical assets (the sum of average machinery and average
commodity stocks and the value of land; are the variables that are used
to help determine input demands, Hence, output price and incomes are
not used directly in the input demand equations, but their influences are
funneled in throuph the stock of macninery and physical asset variables.

The results in table 17 inaicate that wien the influence of commodity
prices and incomes are taken into account, the net influence of a change

in the price of an input on its usage is generally lower than the "long-

run" estimate which assumes ceteris paribus conditions.
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Tuput prices set at 1932-39 averege level (simulation 4): 1In this

simulation, input prices are ugain altered from their historic values.

Pl

The inpui prices that were increased vy 10 percvent in the last model are
heid at their L932-5Y averape ievels in this simulation. The real prices
of certain capltal inputs Geciined substantially over the 1932-07 period,

Reductions in prices of ferfiillzer, wocor suppiles, and farm supplies are

the most scriking., The 1932-39 wverage of the index of fertilizer prices
(L947-4% = 100), deilated ny the implicit GNP defiator, was 129.2 while in

1967 the index stood at 70.8. The 1932-39 average price indexes for motor
suppiive and farm supplies were 134.6 and 107.0, respeccively, while in
1967 these prices hed dropped te 85.9 and 77.4. The deflated index of
machinery prices inercased rrom the 1932-39 average of 114,3 to 128.3 in
1U67. Wheat wnd cotton seed price indexes increased from their 1932-39
averages vl 62,2 and 56.2 until the late 1940s or early 1950s and then

19}

declined apaia to 82,6 and 88.0, respectively, in 1967,

£y

Simulacion 4 investigates the impacts on agricultural resources,

production aad incones, sssuning that tlhe historical increases in capital
productivity had occurred put selected input prices had remuined at their
1932-3Y qverage level, Tables 10 through 16 contain the periocd averages
for 1932-39, 1940-49, 1950-56, and 1959-67 of simulation 4 results under
column heading SIM 4,

With the index of fertilizer prices neld at its 19532-3Y average, the

quantity of fertilizer and lime demanded is substantially lower, Feed

grain fertilizer and lime estimates drop by over one-thire for the 1940-49
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and 1959-A7 periods and by nearly one-half during 1950-5&. Wheat
fertilizer and lime levels arc one-hall the simulation 1 estimates for
each of the three periods. During the 1959-67 period, cotton fertilizer
and lime estimites average 74 percent below simulation 1 results. The
United States JTertilizer and lime demand estimate Lor 1959-67 is down

by 33 percent from the valication run escimste.

Fuel, oil, and repairs expense und miscellaneocus expense estimates
after 1940 are also considerably below simulation 1l estimates for certain
commodities. For example, the level or wheat fuel, oil, end repuirs
expense declines bv 38 percent during the 1959-67 period and wheat
miscellaneous exvense decreases by L7 percent, United States cstimates
are 19 percent lower for 01 .1, oil, and repairs expense and 13 percent
lower Jor miscellancous expense for the 1959-67 period as compared to
simulation 1 results.

The reductions in use of these hiighly productive inputs reduces
production for all crops during the last three periods. For 1959-67,
feed grain production drops from 148.7 miliion tons in the validation run
to 133.7 million rons or a aecrease ol 10 percent. Wheat production is
11 percent lower, soybean production is down & percent, and coutton
production drops 24 percent rfor the last period of analysts.

Prices and pross incomes increase from 1959 to 1967. The average
price of feed grains and average feed grain gross income for the period
are up 20.5 and 2.3 percent, respectively. During this same period price
and gross income increases for wheat, soybeans, and cotton are: 22 and 7

percent, 8 and 4 pcicent, and 74 and 24 percent, respectively.



The higher feed grain prices reduce the number of livestock production
units by 1 percent for the 1959-v7 period. The index of iivestock prices
increases by 3.7 percent and livestock gross income increases by 322
millien above the simulation 1 estimate for that period.

ne in usage of operating inputs reduces total

P

For the nation, the decl

farm production costs by 8 cent ducing 1959-67. Total farm gross income

=)
T
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increases by 4 percent and net farm income jumps from $9.,8 billion to $12.7
billion.

Simulation results suggest that input prices could be manipulated as
a2 means of reducing resource commitments in agriculture and, hence, as a
means of decreasing outputs and increasing incomes. However, adjusting
resource use through restrictzug capiual input prices conflicts with
cconomic c¢fficiencv consiaerations. Adjustments in resource use should
encourige the displacement of resources that have a higher value marginal
product in aiternative uses "29,. Kestrictions on prices of capitai
operating inputs causes the input mix to irclude less of the highly pro-
ductive operating inpucs and more labor. But it is the labor input that
has the high value marginal product outside agriculture relative to its
value at the margin In agriculture.

{npur production elasricivies at their 1932-39 average level (simulation

5): In the last model (simulation 4), input prices were fixed at their
1932-39 ievel. iIn this simuiction, historic trends in input prices are
unaltered, but input production eiasticities are held at their 1932-39

level. Hence, input demind levels generated in the simulation model are
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channeled through the 1932-39 production functions for the entire
simulation period.

Results from simulation 5 are presented in tables 10 through 16.
Since the models used in simulatvions 1 and 5 are identical through 1939,
the wvaciable levels gencrated tor these simulations are the same tfor the
1932-29 period, Production, price, and gross income cstimntes deviate
substontially from simuiation I resuivs for the remsining periods, 1940-
49, 1950-556, and 1959-67, During the 1959-67 period, feed grain production
is lower by 50 million tens or by cre-third than the simulation 1 estimate,
cotton productinn is 50 percent lower, .ud soybean pr auction declines by
one-third,

These sharp declines in production push output prices to very high
levels., The 1959-67 average price of feed prains in tinds simulation is
55,65 ner tou compared to $33,19 per ton in simulation 1. Simulation 5
and simuintion | prices for wheat, sovbeans, and cotton during the 1959-067
period are: S1.72 and $1.35 per bushel, $3.02 and 51.84 per bushel, and
$.52 wnd $.71 oer pound, respectively,

With inelastic demand, the higher prices cause gross incomes to
ineresse. For 1959-67, feed srain wnd wheat gross {ncomes increase 3 and
§ percent, respectively, and soybean and cotton gross incomes are up 1l
and 22 percent, respecrivelv.

Differences in the estimites of resources used in production in this

model compared with the validiation model are less dramatic. Nationally,

the estimated levels of capital inputs used in agriculture are nearly the
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same as in simulation 1. 1t should be remembered that the data used to
estimate the input equations were observed in an environment in which input
proGuctivities were changing. No adjustmencs were made in the structural
coofficients of the inpui cquations to reflect the absence of these

chanpges in input productivities.

Results from this simulation imply that had the feed grain production
functions, employed in the cthirties, remained in use through the late
sixties, 4 percent more land and about the same capital inpurts would have
been needed to produce a third less output during the 1959-67 period.

Technological advancements have enabled agriculture to provide ampie
quantities of food and fiber at relatively low prices. Had no technolo-
gical improvements taken place since 1940, the demand for agricultural
outpur would have shifted to the rigit at a faster pace than supply. Due
to higher prices, inelastic demand and slightly lower production costs,
total net farm income during 1959-¢7 would have been one-fifth larger
(from $9.8 billion to $11.8 biliion). Higher prices and incomes would have
been achicved for farmers but at the expense of the consuming public. The
"problem' would then not be (as it is now) how agriculture can sharc in the
benefits [rom advanced technology in agricultural production, but rather
how the peneral public, especially the poor, could be helped to sccure a
sufficient quantity of food and fiber. [Lven though the time trends and
equation specifications that carry along advances in technology in the model
are not eliminated, it is obvious that many more resources would be needed

to provide a given level of agricultural output.
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Input prices and production elasticities at their 1932-39 average

levels (simulation 6): 1In simulation 4, input prices were assumed O

have been at their average 1932-39 levels throughout the observation
period. 7The last simulotion held the input production clasticity esti-
mates used in each crop's production function at their 1932-39 levels.
In this simulation both input prices and input preduction clasticities
for esch crop are fixed at their 1932-39 average levels.,

The changes in variable levels in this simulation as compared to
simulation 1 results are to a large extent cxaggerdations of the changes
in variable levels observed in the last tweo simulations. Production
estimates are lower and price and income estimites are higher than
simulation 5 results in which 1932-39 production functions were used but
historic input prices were xept. Similarly, total levels cr resource use
measurcd in constant dollars are less than in simulation 4 with input
productivities unaltered but 1932-3Y prices assumed throughout. The
resulting total Farm net income estimates are the highest for any
simulation wmodel run. During the 1959-67 period, net form income is up
one-third from the simulation 1 estimate ($9.8 billion rfor simulation 1

and $13.3 billion for this simulation).

Changes in price support levesis

Simulations 7 through 16 investigate the effects of different
support price levels on resource use, production, price, and incomes for

the model commodities and in aggregate.
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The level of price supports is an important government policy variable.
Government storage and price support programs are convenient vehicles to
stabilize prices of farm products in the face of year-to-year variations
in production. Excess production is diverted from the market in "eood"
years to be put back on the marker in years in which production is short
relative to demand. Price supports then tend to stabilize prices, based
on average-weather crop levels.

The Level of price supports can also be used to raise or lower the
general level of farm prices. Raising crop prices by setting loan rates
considerably higher than murket prices is not without a cost. Farmers
increase production, gevernment stocks accumulate, and treasury costs mount
accordingly. #urthermore, os the simulation results presented in the
following sections suggest, tne output-increasing effect of higher support
prices moderates the intended increases in average market prices. llence,
a given percentage increase in support prices ralses the average price
received by farmers by a smaller percentage. The higher prices and
production ieve s resultlng Irom increased price supports increase £ross
receipts, but by a much sm.ller percentage than the percentage increase in
loan rates.

Similarly, downward adjustments in support prices tend to reduce
average market prices and gross incomes by a smaller proportion than the
reduction in loan rates. ‘ne decline in production exerts upward pressure

on market prices which offsets, somewhat, the reduced support prices.
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In the simulation runs described in this section, no changes are
assumed in the acreage allotments or diversions that accompanied price
supports in certain yeurs.

riv

en percent increase in price supports (simulation 7):  The estimated

levels of selected variablies, assuming tnat the price support rates for
corn, wheat, soybeans, cotton, and tovbacco are increased by 10 percent
throughout the 1932-07 period, are reported in tables 10 through 16 under
column heading SIM 7.

Estimated total faorm gross income is 1.3 percent higher during the
1932-67 period than the simulation 1 estimate., Total production expenses
are .4 percent nigher, and net farm income increases from the simulation
estimate of 106,577.7 to 10,861.,7 or a 2.7 percent gain,

The percentage increases in commodity prices in simulation 7 over
simulation 1 for the 1932-67 period are: 3.6 for feed grains, 2.5 for
wheat, 2.1 for soybeans, 9.2 for cotton, 2.1 for tobacco, and .6 for
livestock,.

The higher prices, wich siight increases in production, raise the
commodity gross income escimates. Gross incomes during the 1932-67 period
are higher by $31.0 million for feed grains, $49.1 million Ior whent,
$11.7 million for soybeans, $179.6 million for cotton, $40.0 million for
tobacco, and $36.1 miliion for livestock. Government inventories, while
not tuables, incredase 26 percent for feed grains and cotton and 16 percent

for wheat over the observation period.
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lligher commodity prices and incomes increase (with a lag) the level
of input usage only slightly. Fertilizer and lime expenditures increase
only one-hall of one percent nationally during the 1959-67 period. The
tobacco fertilizer and lime estimate is up 4,2 percent and cotton ferti-
lizer increases 1.8 perceat, but feed grain and wheat fertilizer demands
are less than 1| percent higher, The estimite of fertilizer and lime usage
for soybeans is down from simulation 1 results, The higher feed grain
prices caused the model to predict a decline in soybean acreages over the
36~year period. Lstimates for each of the soybean input categories are
lower during part or all of the observation period. For the 1959-67
period, national expenditures on machinerv fixed costs; real estate
expense; fuel, oil, and rvepairs expense; miscellaneous expense; and real
estate tax expense are about one-half of one percent higher than the
validation run. Total man-hours of labor required and seed expense change
negligibly,

Ten percent decrease in ail price supports (simulation 8): The

results from simulation &, with price supports nine-tenths of the actual
levels, are reported in tables 10 through 16 under column heading SIM 8.

In terms of percentage change from simulation 1 estimates, the national
variable estimates for simulation § are, ior the most part, mirror images
of simulation 7 results. Resource use, production, prices, and incomes for
simulation 7 and 8 change by nearly the same percentage from simulation 1
results but in opposite directions. Simulation 8 estimates for total gross

farm income and total net farm income are 1.3 and 2.7 percent lower,
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respectively, than the simulation 1 estimates for the 1932-67 period,
United States resource expenditure estimate: for the 36-year period
average less than 1 percent lower for all input categories except seed,
which remiins nearly constant,

Commodity prices and incomes are lower with a 10 percent reduction
in support prices. The average decline in prices over the 1932-67 period
are: 3.8 percent for feed grains, 2.0 percent {or wheat, 2.1 percent for
soybeuans, 9.3 percent for cotton, 2.l percent for tobrcco, and .7 percent
for livestock., During this period, gross income estimites were down by
$32 million for fecd grains, $51 million for wheat, 512 million for soy-
beans, $174 million for cotton, $35 miliion for tobacco, and 536 million
for "ivestock.

Corn support prices increased by 10 percent (simulations 9 and 10):

In simulation 9, support prices for corn are increased by 10 percent, and
in simulation LO they dre decreussed by 10 percent. Model estimates for
simulations 9 and 10 are reported in tables 10 through 13 and table 16
under colunn neadings SIM 9 and SIM 10,

With corn support prices 10 percent higher, the {eed grain price
estimate averages 3.1 percenc higher tnan the validation run for the 36-
yvear period. Feed grain gross income increcses by 530 miliion,

Input usage increcses for all feed grain input categories., During
the 1932-67 period, simulation 9 estimates for fertilizer and lime, real
estate, miscellaneous, and real estate tax expenditures are about 1.9

percent above simulation 1 estimates. Estimactes for the other input
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categories, including seed expense, man-hours of labor, .achinery fixed
and operating cxpenses, and interest on stock, are up less than | percent.
The higher input levels incresse production by about 1 percent.

The number of Livestock production units declines slightly because
of the increascd price of feed grains, Livestock prices increase by one-
half of one percent aund gross income from lives:-ock sales increases by
$30 million ror the 1932-67 pericd., Wheat uscd for feed increases by
1 million bushels. Wheat gross income is up 5600 thousand.

Decreasing the price supperts for corn by 10 percent (simulation 10)
reduces rhe average of 1932-67 feed grain prices from $40.11 in the
validation rmn to $38.81 or 3.2 percent. The annual average feed grain
gross income estimate drops $30 miilion for the 3b-year period.

Fertilizer and iime expenditures are $9 million below simulation 1
estimites. Reductions in the other input categories are also observed,
and together the tower input levels cause production to decline by 1
percent., For the 1959-67 period, government inventories drop by over one-
third, fvom 21.7 wiilion tons in simulation 1 to 13.4 million touns.

The simulatioa model implicitly contains a supply elasticity for
cach crop, TInput levels generated 1n the model are influenced by commodity
prices and incomes. These input estimates are used via production tunctions
to estimate output. lience, we can trace the effects of a crop price chunge
on production by way of the changes in input usage. The feed grain supply
elasticity estimates reporred in table 138 are derived by first calculating

the average percent change in production and the average percent change in
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price of simulation 9 (simulation 10) estimates from simulation 1 results
for the 36-year period. Then the percentage change in production is
divided by the percentage change in pricc for the respective simulations.
The average responsiveness of Znput demands to changes in crop prices is
estimated similerly., The Input aemand elasticities with respect to feed
grain prices reported in table 1¥ are calculated by dividing the percent
change in input levels by chic percent change in feed grain prices.

Table 18, Estimated supoiv and cross input demand clasticities with
respect to feed grain prices implied from results of

o la

simuelations 9 and 10 .

Category Sim. 9 Sim. 10

Supply elasticity

Production .313 .201
Cross input demand elasticity
Fertilizer and lime .619 .610
Seed .257 .260
Labor 143 146
Machinery 127 124
Real estate .622 .604
fuel, oil, repairs .065 .065
Miscellanecous .521 .508
Real estate taxes .h16 .598

a. . . - . AU .

Flasticity estimates ave calculated by dividing the percent change
in variavle quanticy by the percenl change in fced grain price. The
elasticities measure responsiveness to increases in feed grain prices
observed in simulation 9 and to decreases in feed grain prices observed
in simulation 106.

The supply elasticity of feed grains is caleulated at .3 with higher
feed grain prices and .2 with lower prices. Using results of simulation
9, the fertilizer and lime cross price demand elasticity with respect to

feed grain price, indicates that a 1 percent increase in price of feed

grains would increase fertilizer and lime quantity by .6 percent.
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Wheat support nrices changed bv 10 percent (simulation 11 and 12):

The estimitec icvels of selected wheat variables, with wheat price
supports racreased by 10 percent 2nd with wheat price supports decreased

by 10 percent, ax in table 12 under column neadings S1IM 11 and

Qo
U
=
(1]
7]
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o3
I
[
.

SIM 12, respectively. Changes in livestock, feea grain, soybedn, and
aational variables can be obscrved for these simulacvions in Tables 1O,
11, 13, and i6.

With wheat support prices increased by 10 percent, the average price
of wheat for the 1932-67 period increases from $1.47 per bushel to $1.51
per busiee. o about 2.5 percent. (ross lncome is up $49 million,

Machinerv purchases incressc by 1.5 percent due to higher incomes.

.

Machinery iizxed cost and operiting ¢Xpenses arce higher by about $2 million

each. Increases in acreage of one-half of one percent push real estate

expenses and Laxes upward by $2.5 willion and $1 million, respectively.
Miscelinnmcous expense increaseés dy 1.2 percent over simuiation 1 results
for the 36-yeor pericd, Fercilizer, sced, Labor, and intercst on stocks

estimitos also increasc, buo oy very ilittle,
b . <

Production oF wheat increases by 8 mililon bushels. With higher wheat

[]
~
Q)
O
c
[p]
e
o3
-
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prices, the model estimate d grain acreages, feed grain input
levels, and feed yrein production. reed grain nrices increase b, one-half
of one percent, and feed grain gross income estimates are 52 miilion
doilurs hagher.

Results from simuilation 12, in which wheat support prices are reduced

10 percent, snow a decline in wheat prices of 2.6 percent and a 3.4 percent

drop in wheat gross income.
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The lower price estimates cause (with a lag) wheat acreage to decline,
while lower gross income estimates slow increases in machinery purchases
as compired to the validatvion run. These lower estim:tes set the stage
for reductions in machinery and real estate related expenses. The percen-
tage changes ia the acreage, aacnlnery, and real estnte variables are
nearly the same as in simulation il but in tne opposite directions.
Estimited tevels for the ocner input categorics niso cecline, roughly by
the same proportion as they increased in the last simulation.

Government inventories decrease by 12 percent with a 10 percent
reduction in wiizat price supports, or 57 million tons on the average
over the 1932-¢7 period.

Table 1Y contains estimates of wheat supply elasticity with respect
to wheat prices and estimites of cross input demand elasticities based
on the results of simulations 11 and 12.

Soybean price supnorts crnunged by 10 percent (simulations 13 and 1&4):

Model results from increazsing soybean price supports by 10 percent and
decreasing them dv 10 percent are reported in tables 10 through i3 and
table 16 under column headings SIM 13 and SIM 14,

While a 10 percent increase in supporis increased soybean prices
only 1.5 percent over the 36-yesr period, soyvean acreages, TeSOUICe USE,
and production were stimulated proportionally more than price, During the
1932-67 period, acreage and seed expense estimates increase by 1.5 percent.
The remaining input categories increase between 2 znd 3 percent except the

fertilizer and lime input, which is 10 percent higher. The average annual



Table 19. Estimaced supply and cross input demand elasticities with
respect ro wheat prices implied from results of simulations
PR3
11 and 12

i, 11 Sim. 12

L&)
1=

Category

Supply ciascicity
Produciion .316 315

Fertiiizer and iime 352 354
Seed 210 J211
Labor 040 .039

Machine:cy €expense .555 .565
Redl escace expense <579 577
Fuel, oil, repairs 401 608
Miscullaneous expense 486 L4835
KReal estate taxes L6238 .619

a,. - ) . . P . ,
Loasticity estimates «ce calculated by dividing the percent change

in viriobie quantity by the percent cnange in wheat orice. The

clasricitios measure resnionsivences Lo increcses in wheat prices observed

in simniacion i1l and to cecrensce in wheat prices cbserved in simuiacion 12.
production escimate is 7 miilicn busnels above tue vilidacion run or a

-

2.1 pervcent increase. lligher prices anua more QULPUL resutced in a 3.5

percent increase in soybean gross income (824 million).

Simulation 14 results also indicate the apparent responsiveness of
soybean acreage and resource use to cnanges in soyvean prices. Assuming
a 10 percent reduccion in sovbean price supporis, suybean prices decline
by 1.5 percent or only three cents per bushel, Again, the cumulative
effects of this modest but -ustailned price decline over the observation
period on resource use are substantial. Fercilizer and lime expenditures
are down 11.3 percent on the average. Michinery rfixed cost and operating
expenscs are down over 2,5 percent, and real estate expense tax estimates

o

decline 3 percent. The other input estimaces are from 1.5 to 2.0 percent

lower.
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Production declines by 8 million bushels or 2.2 percent for the 36-
year period, ‘The reduction in price supports decreases sovbean gross
income by $24 million or by the amount soyhean gross income increiased with
the higher soybean price support assumpticn.

Corn and wieal suppor! orices chaayed bv 10 »vercen. {simulations

15 and 16): Previous simuiation models have assumed changes in the price
support levels of all modei crops and changes in price support for corn,
wheat, and soybeuans separately. In simulation 15, the support prices of
two crops, corn and wheat, are raised L0 percent; in simulation 16, corn
and wheat support prices are decreased by 10 percent. The model estimates
for selected feed grain and wheot viariables are presented in tables 11

and 12. Feedback influences trom variable changes in the f{ced grain and
wheat sectors on livestock and sovbesn variable levels are tabulated in
tables 10 and 13,

With corn and wheat price supports up 10 percent, feed grain prices
increase $1.44 per ton above simulation 1 estimites. This 1932-07 period
average price increase is 20 cents per ton higner than simulatrion 9, in
which only corn price supports were higher. Higher wheat supports along
with higher corn support prices tend to dampen tne feed grain acreage
increases that are predicted im simulation 9. Lower Ieed grain acreage
estimates and smallier increases in the capital inpucts applied to the land
cause feed grain production to be 400 thousand tons less than in simu-
lation 9 but 600 thousand tons more than in the validation run. With pro-

duction lower and with less substitution of wheat for feed grains in live-

stock ravions than in simulacion 9, the 20 cents per ton increase in feed
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grain price results., The feed grain gross income estimates average 1
million doilars higher during the 1932-67 period than in simulation 9.

the wheat variable levels are virtually unchanged from the levels
observed in simiiation 1i, which assumed a 10 percent increase in only
wheat suppori prices.

The depressing efiects on soybean acreage, Tesource usc, and pro-
duction observed in simulation 9 (with only corn supports increasecd) are
also prescat in this simulation. The relative magnitude of the coetrficient
for the fecd grain price variable in the soybean ascreage function makes
the sovhean sector especialily sensitive to changes in the feed grain
sector. Since the farm machinery und technology sets used to produce
feed wrains and sovbeans are similar, tarmers iikely devote more land to
feed prains and less to scoypesns as feed grain price rises relative to
soybean price., hLowever, the cross elasticity of soybean acreage-use with
respect to feed grain price is probably much lower than implied by the
model (which is greater in absolute value than one).

The tabulated resuits of simulation 16, with corn and wheat price
supports decreased by 10 percent, show that feed grain resource-use and
product ion duv not decline oy as much as when only corn support prices are
reduced by ;0 percent (simulation 10). Whiie the differences arc siight,
the lower wheat prices generated in this simulacion moderite the predicted
reduction in feed grain acreages of simulation 1O and, subscquent iy, the
resource demind estimates are also above their respective simulation 10

levels. lence, feed grain production is above simulation 10 estimates but
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is about one-half of one percent lower than simulation 1 results in each

of the four periods tabulated. The higher feed grain production estimates

compared to simulation 10 cause feed grain prices to be below the simulation

10 price estimites., With inelastic feed grain demand, feed grain gross

income is $i.5 million lower than in simulation 10 for cthe 306~ ear period.
Again, the wheat variable estimates in this simulacion, with corn

and wheat supports lower, zre substantiaily the same as the simulation

results in which only wheat suppor: prices were decreased (simulation 12).

Feed prain acreaze set 2 100,0 million acres anda wheat at 50.0 million
acres (simulation 17)

In this simulation, feed grain acreages are held at 100.0 wmillion
acres and wieat acreages are fived at 50,0 milli»n acres throughout the
simulation period. Tihe feed grain acreage assumprion represents a 28
percent recuction in feed prain acreage during the periods 1932-39 and
1940-49, 25 percent fewer acres during the period 1950-58, and & percent
fewer acres over the 1959-67 period. “he assumed 50.0 million acreage
level for whear is also well below average obscrved wheal acreayes for
the 1932-39, 1940G-49, and 1950-58 periods (from 16 to 22 percent below),
The estimates ror this simulation are reported in tables 10 through 13
and table 16 under column heading SIM 17.

Holding feed grain acreage to 100.0 million acres during the 1932-39
period causes feed grain production to drop from the simulation 1 estimate
of 83.0 million tons to 61.9 million tons. For 1950-58, the simulation |

and simulation 17 feed grain production estimates are 120.1 and 101.4
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million tons, respectively. From 1958-60, actual feed grain acreages
were at about 130 million acres, but with the advent of the feed grain
program in 1961, feed grain acreages were below 108 million acres from
1961 to 1967 and below 100 million for 1964-066. lience, restricting

feed grain acreages to 100.0 million acres veduces the 1959-0n7 production
estimate by only 7 percent, a smasler proportion than for the otner
periads.

"he declines in feed grain production boost feed grain prices
considerably from 1932 through the {ifties. For 1932-39, the price of
feed groins jumps from the validation estimate of $37.54 to $56.,85, or
a 51 percent increase. The feed grain estimates for the 1940-49 and
1950-58 periods are 30 percent sbove simulation 1 results. The average
feed grain price over the entire 36-year period is 31 percent higher than
the comparable simulacion 1 estimate.

Since with inelastic demand, prices increase by a larger percentage
than production declines, gross income increases gsomewhat throughout the
observation perind. The 1932-67 average ifced grain gross income estimate
is up $67 million or 4 percend.

Resource cxpenditures are lower for feed grains except for the
machinery rclated expeuses. tertilizer and lime expenditures are lower
by 20 percent. Seed expense, man-hours of labor required, and miscellaneous
expeuscs arce down by 33 percent, 26 percent, and 16 percent, respectively,
for the 1932-67 period. The higher feed grain price and gross income

estimates hold machinery purchases, machinery stocks, and machinery
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expenses at their simulation 1 level even though acreages are lower.
Hence, the simulation model indicates that over the 36-year period the
cumulative effect of higher incomes jgenerated from feed grain production,
with acreage held at 100 million, woulid have enhanced the substitution
of machinerv for labor in feed grain produccion,

Setting wheat acreage at 50 million acres througiiout the simulation
period is a less severe assumption than constraining feed grain acreage
to 100 million acres. Over the 1932-67 period actual wheat acreapge was
59.2 million or about 15 percent highev cthan the 50 million acre assumption.

Jecause of higher wheat prices and gross income estimates, the
reduction in the levels of inputs used for wheat production does not drop
by as large a proportion as acreage. During the 1932-67 simulation
period, wheir production declines by 7 percent but whent acreage is 15
percent below the simulation 1 acreage estimate. None of the input levels
decrecase by as much as acreage over the 36-year period except labor, which
declines by 19 percent. Again, the results from the simulation model
suggest that the resource wix would have inciuded a iurger percentage of
capital inputs and less labor had wheat acreage been limited to 50 million
acres during the 36-year period,

It should be emphasized that the labor estimates are man-hour require-
ments to produce the respective crops. The changes that would have occurred
in the number of farm workers on farms would have undoubtedly been less
than the changes in man-hour requirements would indicate., However, the

continuation or even acceleration of the farm mechanization process would
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have put pressure on farmers to expand farm size to realize the economies
of larger farm machinery. Also, the higher returns in agriculture wmay
have encouraged nonlarm corperations to buy up farm land and to operate
it with fewer farm workers than originally occupied the land. Finally,
if land from entire forms waes ''rented” by the government to keep feed
grain and wheat acreages down, many of the afrected farmevrs would have
left the farm work force cud taken noniarm employment.

The higher feed grain price estimatces decrease the number of live-
stock production units on farms. The reduced livestock supplies increase
livestock prices by 6 percent and livestock gross income by 2 percent
during the 1932-07 period. Total production expenses for the United
States ror 19Y32-67 decline by 6 percent while total farm gross income
increiases by 1.5 percent. Total net farm income is up $1.5 billion or

15 percent for the entire period,

Summary

An econometric simulation model is developed in this study which
causally links resource use, production, price, commodity dispesition,
and income for major agricultural commodities. Based on tnis quantitative
model, the implications of changes in selecved variables or resource use,
output, and income are investigated for individual commodities and United
States agriculture as a wnolce,

The simulation model has submodeis, or blocks of equations, for
livestock, recd grains, wheat, soybeans, cotton, and tobacco. The cquations

in each commodity submodel sequentially depict the commodity's production



cycle from acreage planted, tou level of resource use, to production, to
price, to commodity disposition, and finally to gross income. The lag
between resource commitments and realization of output in agriculture
permits this sequentvial or recursive structure. To form the complete
simulation model, the blocks or commodity equations are brought together
in such & way as to preserve the recursive structure of the model.
Equations are included at rthe end of the simuiation model to "build up"
variable estimates for the entire agricultural economy.

The results of 17 simulations are reported. Conditions simulated
include: (a) the removal of government price and income support programs,
(b) increases in input prices, (c) restrictions on production elasticities,
(d) variations in commodity support prices, and (e) limitations on
acreages.

Not unexpectedly, farm prices and incomes decline substantially in
the absence of government farm programs. For example, over the 36-year
observation period, feed grain prices average 46 percent below the feed
grain prices in the validation run--a simulation of the agricultural
economy with government commodity price and income supports absent from
the economic environment. Total net income in agriculture declines by
nearly one-third. Lower prices and incomes dampen the level of capital
inputs used in agricultural production. Total fervilizer demand under
the free market assumption is down 6 percent during the 1932-67 period
compared with the validation run. Smaller proportional declines are

noted for the other capital input categories, The depressing effect of
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lower commodity prices on acreage is more than offset by acreage

increases resulting from the removal of acreage allotments and diversions.
Hence, removing the influence of government price and income support pro-

grams and associated acreupe restrictions resulted in fewer capital inputs
being appLrica O wore acres,

Simulation results indicate that more, rather than less, labor would
have been engaped in agricultural production without government programs.
The implication is that without government price and income support pro-
grams, farmers would nove had less incentive ana {inancial resources to
purchase labor-soving capital inputs during 1932-67 period. The results
of the free market simulation in this study and similar findings by Tyner
and Tweeten _33: suggest that acreage diversion and price support pro-
grams of +he Federal Government nave accelerated the substitution of
capital for labor in agriculieral production.

Simulation Models 3 throush 6 investigate the effects of increased
input prices and altered levels of input production elasticities on agri-
cultural resource demand, production, and incomes. The level orf ugricul-
turai production is &« function of quantity and productivity or inputs used
in agriculture. Surpiuses and low returns in agriculture have occurred
beciuse the productivity of resources used in agriculture has increased
and the quantity of tnese resources used is large compared to the demand
for farm products. Improvements in farm prices, incomes, and resource
returns could be achieved by reducing the resources committed to agricul-

ture and (or) slowing technological advance. One way to dampen the use
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of resources in agriculture would be to raise their prices. In simulation
3, the real input prices used in the model were increased by 10 percent.
In simulation &4, the downward trends in the real prices of capital inputs
between 1932 and 1967 are ignored and all input prices are set at their
1932-39 averapes. With higher input prices, input demands decline,
resulting in lower production levels and higher prices and incomes. Yor
example, with a 10 percent increase in real input prices, average feed
grain production estimates over the 1932-67 period decline from 115.4
million tons in the validation run to ili.4 willion tons, The average
price of feed prains over the 36-vear period increases $3.20 per ton,
while the estimate of the gross receipts from the sale of feed grains
increases by $23 million. Total gross farm income increases about 1
percent during the 1932-67 period,

With input prices fixed at their 1932-39 levels, resource use and
production declines are substantial, especially in the latter part of the
36-year observation period. During the 1959-67 period, fertilizer used
for feed grains and wheat declines by one-hali, while national fertilizer
usage is down by one-third during this period compared with the validation
run. Expense estimates for other operacing inputs, such as fuel, oil, and
repairs expense, and miscellaneous expeuse, are also down., The resulting
lower production estimates increase commodity prices and incomes. With
production expenses and gross income both measured in 1947-49 dollars, the
average annual net farm income estimate for the 1959-67 period increases

from $9.8 billion to $12.7 billion.
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Simulation models 5 and 6 assume that the estimated crop production
functions for the 1932-39 period remain in use through 1967. In addition,
input prices are held at their 1932-39 averages in simulation 6. Under
these cxtreme conditions, production estimates decline sharply. The
resulting hiighier prices push total net farm income up by one-fifth during
the 1959-67 period when historical input prices are used and by one-third
when real input prices are held at their relatively high 1932-39 levels.
Obviously, agricultural policies that incre.se input prices and (or) slow
technological advance would be effective in increasing farm prices and
incomes.

The sensitivity of the levels of resource use, commodity prices, and
incomes to changes in the crop price support levels is investigated in
simulations 7 through 16, Support prices for each of the model crops are
incrensed by 10 perceat in simulation 7 and decreased by 10 percent in
simuiation ©. 1n simuiscions 9 threough 16, price support levels are
changed for cunlv one or twWoO Crops in any particular simulation run.
Simulation rescits iadicate that a given percentage increase in crop
price suppurt lovie. ralses average market prices by a smiller percentage.
For example, increasing price supports for all model crops by 10 percent
over the 1932-67 period results in the following average percentage market
price increascs: 3.6 for feed grains, 2.5 for wheat, 2.1 for soybeans,
9.2 for cotton, and 2.1 for tobacco. Annual farm gross income increases
an average of 1.3 percent during the 36-year period compared with the base

simulation., Production expenses increase by .4 percent and net farm income
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is 2.7 percent higher than the comparable 1932-67 averages in the
validation run,

Simulation results suggest that the intended pric ad income benefits
of raising price support leveis are partially dissipated without added
acreage or other supply controls. In response to higher support prices,
farmers increase production. This increased production exerts downward
pressure on market prices which parcially offsets the higher support rates.

Restrictions are imposed on feed grain and wheat acreages in
simulation 17. Annual acreages used in feed grain and wheat production
are fixed at 100 and 50 million acres, respectively, for the entire 1932-
67 period. With these restrictions on acreage, feed grain production
during the 1932-39 period declines by cne-fourth. Feed grain prices
increase by 50 percent in the 1932-39 period and average 30 percent higher
for the entire 36-year period. Wheat prices increase 24 percent in the
first analysis period and average 14 percent higher over the 1932-67 period.
Feed grain and wheat labor requirements decline by 26 and 19 percent,
respectively, during the 1932-67 period compired to the base simulation,
Declines are also noted for other input categories except for the machinery-
related inputs. With higher prices and incomes, machinery purchases for
use in feed grain and wheat production remain nearly unchanged from the
validation run, even though acreage and production levels and the use of
other resources decline substantially.

Perhaps the most striking result from the simulation analysis is that

overnment policies which increase farm prices and incomes do not "hold"
g P
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labor in farming but rather encourage the substitution of highly pro-
ductive capital inputs for labor in agriculture. The implication is that
the rate at which needed resource adjustments occur in agriculture is
influenced to an important extent by the ability of individual farmers to
finance the use of capira: inputs and the prospect of beinyg able to do so
in the future. Apparently, agricultuval policies that increase incomes
and stabilize prices facilitate vhe increased use of hignly produccive
capital inputs and as a result diminish labor requirements. Conversely,
actions that lower farm incomes tighten capital constraints and aggravate

maladjustments in resource use.

Limitations

Published input data for the individual commodities were generally
unavailable. The estimation procedures used to allocate specific expense
for all of agriculture to specific expense for individual commodities are
outlined in Ray (23). Input-output studies, discussions with officials
of the Farm Production Division of tie United States Department of Agri-
culture, cost and veturn studies, and other sources were utilized to
construct and check the various commodity input series. It is unknown how
seriously inaccuricies in commodity input data affected the simulation
results, but the inct that less-than-perfect data were used should be kept
in mind when reading and interpreting the results of this study.

The economic model developed in this study in only one of many model
formulations that could be used to portray the resource and output structure

of United States agriculture. Other model formulations may better predict
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the actual time path of the endogenous variables, For example, the
inclusion of weather variables in acreage equations may have improved

the acrcage estimates generated from the model. Also, a revised model
should include more variables to link together the commodity submodels.

The sensitivity of the livestock sector to changes in feed grain production
and price is precbably underestimated in the wodel used in this study.
Additional use of feed grain production and price variables (Lagged one
year perhaps) in the livestock equations might add realism to the model,
However, in other cases the magnitude ol influence that a related commodity
variable has on & vaviable of a particular commodity may need to be
moderated. For example, the feed grain acreage estimate is slightly more
sensitive to a given percentage decline in the price of wheat than to the
same percentage increase in the price of feed grains.

The level of aggregation in this model is not as great as the national
models of Tyner and Tweeten [ 3371 and Lin [ 17}, but it is still substantial,
The farmer respensiveness to cconomic stimuli is not homogeneous withiin
commodity groups but differs from one farm size to another and {rom one
geographical location to another. Also, the commodity groupings themselves

contain heterogeneous outputs.

Concluding Remarks
Tdeally, a policy simulation moael of the agricultural industry should
serve as an econometric map of the agricultural economy within the frame-
work of the total national economy. The interactions of the commodity and

resource markets within the agricultural sector should be represented, as
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should the lines of influence between the agricultural sector and the
national economy. The structural relations should incorporate govern-
ment policy variables in sufficient detail that a broad range of economic
policies can be simulated. The model should be capable of analyzing not
only the effects of an agricultural policy change on the area of its
immediate apnlication but also the effects on related agricultural
commodities, the entire agricultural sector, and the economy as a whole.
The relatively unsophisticated model prescated in this study is viewed

as an irtermediate step in the development of such a definite model of

the agricultural sector.
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