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SIMULATED EFFECTS OF ALTERNATIVE POLICY AND ECONOMIC 

ENVIRONMENTS ON U.S. AGRICULTURE, 1932-i967 

FIistoricaily, government price and income farm programs have been 

aimed it specific commodity groups. Each cormrodicy program has its own 

price spports, target prices, acreAge allot:ents, mrketing quotas, or 

other instrumetta v riableso Within, te framework of congressional 

legislation, program aministrators 'nnually announce the levels of these
 

strategic variables 
 for each commodity. The collection of variable levels 

for all progrnms represents one point in a set of possible combinations. 

The level o; each government policy parameter or variable net Only affects 

a particular commodity but also related agricultural commodities, the 

entire agricultural sector, and the economy as a whole. 

Past econometric investigac:icns have attempted to analyze the impact 

of government policies in the aggregate 012, 17, 33, or on specific
 

commodities -4, 20, 28.,. Tne numboer o. gov,'Jnownut program variables and 

allowances Cor substiiution between comriodiL Uie (in the form of resource 

use or final demand) are necessar-ily limited in these studies. An analysis 

of the effects of a change in L commodity-specific policy instrument on 

resource use, production, uLilizatiOni and resource ruturns on that commodity 

related commodities, and aggregate agriculture requires integrating the 

agricultural factor and comnoc ity ma rkets. fhis study is an attempt at 

such an integration. It provides the results of 17 simulations. The
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(a) the removal of government price and income
conditions simulated are: 


(b) increases in input prices, (c) restrictions on pro­
support programs, 


(d) variations in commodity support activities, and
duction elasticitier', 


(e) 	 limitations on acreages. 

policyThe simulation model results incorporate specific government 

variables for major ag ricultural commodities and, where feasible, permits 

First,
interactions among commodities. This research involves two phases. 

sectoriA1 mdwls are developed for livestock, feed grains, wheat, soybeans, 

cotton, and tobacco. Each sectorial model causally links resource use, 

and gross receipts for the particularproduction, price, final demand, 


commodity. The policy variables incorporated in equation specifications
 

supports, acreage diversions or allotments, and directinclude price 

simulation experiments are run with thegovernment payments. Second, 

the impacts ofmodel to determine the model's validity and to analyze 

government policy, prices, and technology.alternative levels of 

Overview of the Model 

The agricultural economy is disaggregated into commodity groups for
 

which submodels are established, The commodity groups are livestock, 

wheat, soybeans, cotton, and tobacco, The relations in eachfeed nrains, 

submodel sequent ially depict the commodity's yearly production cycle from 

acreage planted (in the crop models) to the level of resource use, pro­

duction, price, commodity disposition, and finally to gross income. This 

to capture the recursive nature of agricul­sequential orde-ing attempts 

or blocks of commodity equations, are
tural production. The submodels, 
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brought together to form the overall simulation model in a manner that 

preb. ves the recursive structure. The submodel organization permits 

the explicit inclusion of appropriate government policy variables for 

individual commodities. The primary and secondary effects of a change 

in a commodity policy variable are traceable througi the equations of 

the relevant commodity, related comfo0PtieS, and total agriculture. 

The general structure of each commodity submodel is as follows: 

(a) acreage and resource oemand v::ritbAls are 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 conmlitted tu the commodity; 

(c) commodity supply depends on production, carry-in, and imports; (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 and demand shifter 

variables; and (f) commodity gross income is dependent on current year 

commodity price, productions, and government payments. 

Figure I 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 
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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
 

partition the current dependent variables into three subsets. The area
 

bounded by the circle perimeter and outer dotted circle contains pre­

input variables; the area between the broken circles contains input
 

and the output variables appear within the inner 
broken circle.

1
 

variables; 


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;
 

estirmates of rm iiinecy purcha..zs are utilized in the machinery stock 

equations.
 

Equations in the input sections of the submodels use information 

generated in the corresponding commodity's pre-input section along with
 

to estimate commodity input demand levels. The input categories
other data 


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.
 



g
U

I
'
.



'
0
 



0 
0 

I. 
A

4 
I
l
 

2 
4
I
 A

 
14 

14 
11 

0 
441 

V
I01 

" I.1 
r44 

X
4
 

1
4
.
 

0
1
.
 

u 
'
 

A
. 

1
1
4
1
 

U
V

I 
o
-
V
O
'
 

C
. 0

 
-
'
 
0
 

A
 

-
1 

7
 

'01 
-

o 
0
 

­
uI4 .

1
 
0
.
-
.
 

V
 

0
 

V
9
 

Q
 

m
1
 0
,
4
4
4
 '.4

 
@

10. 
c4

 
0) 

W
4
1
 

C
 

4
4
 

0
9
 

V
I
.
'
.

0
.0

 
H
O
 

.
 

'
a
.
-

0
 

W
4
-

0
1
4
4
 

a
. 

I4 
a
 

.
4
 



0l 
V

I
~

 
W

 
V

0 
W

 
0 

I0 
~ W

4
0-V

. 
n 

1 
'I.


M
. 

w
.1 

0.430 
,-I 

,-
.4 

w
 

01144 .0w
iluu 

I 
1 

y 
0 

0 
ca 2I 

.0 
.0W

m
u0t
 

'1
 

.1
.4

4
 

1
4
9
J
I
-
.
.
'
O
 

W
 

0
 

-IV
.1-0 

.4m
I
'


 

m
 

M
0
0
C
0
4
 

0 
­

0 1
 

V
I
 
I
V
 

'T
 

-4
. 0-4IM

 
-,0

 
4
*1

 
W
.
,
4
 

.-
I.-

*o 
g 

.j1 
H
0
 

1340'
 

w
-0

04 

-


0I.IU
O

W
.'V

 
"'.0 

V
E

I' 
V

O
 

0
1
 

0
 

64 
rO

.1-
00 

0I 


u
 

1
0

.m
 0 

1
 

1
0

.-
W
4
0
 

8 
0 

0
,
0
.
 

W
0
-

" 
o. 	

U
.M

 

51m
1 

1
4
0
1
 

U
0
.
 VI
4
 

0
1
1
 

0
 

-
0 

-
W

 O" 
.4 

.1 
0 

4-
N

4-I 
144114 

t
04A

1V
I4V

 a.01,-0,4>
 

x
I.4

4
.

J0
.V

I 	
'.V

 
V

W
 

V
 

w
W
,

0.'. 
0
 

V
m

0
 

.0
-lIl4

1
1
 
W
 

9 
.

V
IV

, 
u

v
i 


e 0
 

0 
0
' 

I
0
 

0
 

-0
 

V
 

0 
a
--

0
 

-U
-

W
 

C
: 

>
' 

-
-


V


 

I
-

C
I. 

c0 
V

 
I 

.0
 

0
 

1' 
0 

40 
0 

V
V

I. 
a 

>
I 

1 
:19 

I 
o 

m
 

-

J 
-0 V 

C
 

: 
a 

.4C
L

 
-4
1
7
c
 

0 
. 

0 
4
 

V
I: 

>
.. 

A
' 

0
 

a
', 

C
, 

V
 

0
I. 

'. 
0
 

S
 

0
. 

r'I 
0
 

V*
 

I
 

.
"
 

V
Iu 

.0
 

V
 

1
4
 

c 
0
 

-
-

Q
 

-01 
0 

m
0-I~ 

m
V

 
>

 
-0 

I
4401 

V
 

u
'0

' 
4
'. 

0. 
-

4
1
1
 

W
 

V
 

0
1
.P

 
.0

1
1
 

V
I 

m
 

:
9
.
'
 

0
'.>

'4
C

,0
 6

4
 

1
 

W
 

V
.
?

-4. 
M

4.1 
400 

0-
441 P

40M
-I 

V
-

3
.a 

j
.
.
4
 

U
 

M
0-

0.'V
.

.141 u 
W

.1 
:,u 	

-0 
L

C
=

.0144 
..

0w0v 
-

4
1
>
4
1
 

w
 

X
 

.. 
U

W
'.V

I: 
9 

0
 

0
 

4
 

0
 

'
.
 

'
4
0
I
V
-

W
 

0
0 

-
V

 
0. 

0 
0 

0-> 
9
 O

4 =
10
0
0
 

m
0m

m
 

>
 

V
 

­
4
1
 

WU
 

0
 

V
I.'0 

w
 

w
IJ 

4V
-w

 
' 

0
1
4
.7

 
.-

V
IC

 
0
 

4
. 

0 
41 

'1
3

 
9
:6

 
In

 
U

U
0
4
 

c
w

4
 

%
0
4
1
1
4
.0

 
M

0
 

4
4

1
4

U
 

V
 	

U
 

-	
-
.w

W
 	

a 
4

M
V

 
' 

g 
. 

0 -
U

, 00 
W

b -v 
-

D
o 0 

I
 

0
.
4 V I 

0
.
0 .44

1
 

r 
0
 

0
0
.V

W
 

I 
u

 
u

 
a
w

 

mIl 
00' 

0
,
 

m
 

-	
300r 

t
* 

0
0
.
1
I
-
O
 

00 
0-

0
 

0 
V
 

.0 
w

 
>

 
W4

1
 

. 
V

I1
m

I 
W

4
.-

1
4
 

1
 

10 
4
. 

4
1
1
 

9 
~ 

. 
V
 

0 
13- m

 
ri 

0 
0. 

W
 
.V

a
 

0 
.. 

40 
0.0 

c 
W

 
a
u

V
I C

, 
0 

a 
m
1u4 

M
 

0 
1
-

0 14 
1
 

04V
I 

O
0
 

I.4-0 
IIV

 
0
4
 

.
.
 
0
.
4
1
 

0. 
*4 

1
 

£
 

V
I'.I. 

V
 

0 
V

 	
c.u

3.'.41.4.-4 
M

4
4
 

040
 

in" 
S1 

0
. 

w
'..0 

u 
-

m
 

v
IO

V
0
I: 

0
 

V
 

V
 

0
. 

V
 

I. 
1

 
c4 

m
4 a4 

r0 
0 

V
IO

N
 

V
I 1V

 
Ic 

0. 
O

1
4

S
A

O
V

) 
V

I 
v
 
m
A
m
 

W
'-0

 
n4 

U00 
IrV.4

.~
 

a 
54V

40V
 

*. 
4114. 

0.
V

I 
. 

0
 

... 
1

0
::. 

814di 
U

4 
W

O
 	

0. 
V
I

0 
r.0 

'10014 
. 

i. 
a 

4110V
 

O
V
'
4
.
1
0
 

-4 
2 

0
a
I

2 
4
 

4
 

v 

0
 
0
 
	

m
4
0
4
0
 

m
C

.0. 
4V

10 
1
-0

 
9 

0
 I
 

4
0
 

to 
W

 
0 

>4 
0

 
x 

V
I
 

>
 

4
 

~ 
4
 

W
4
 

> 
w

1 
0
. 

0
6
4
 

:1 

-
-

.
.
 

0
4
0
4
0
0
4
0
0
4
.
 

.
0
4
0
0
 
	

1
 

0 
I.-

0 
W

04W
 

V
IM

 
0
 

-u
 	

W
I 

'a 

I 
r1

 
.1

4
 

-. 
c1

 
0
0
 0

4
 

r-a
 

0 
r. 

-0 
0 

.4
4

 
9
1
 

1
0
i 

I 
U

1
-V

 
4
) 

to
 

M
0
 	

:3
-

.0
 

V
If 

0
 

~
 

.0
 

W
 1 1 

r. 
c 

c 
Aa 

-
r 

Wu 
0 

x
 M

 ­
u 

0 
. 

'
0
1

0n 
a
0
 

.0 
0,* 

0 
) 

a
.
-

w
C

, 
m

 
1 

i 
0
 

u
m

C
I 

W
 

m
 

m
 

W
 

0
1
 

O
'c 

-
Io

z 
M

 
fa

0
, 

1
L

 
4
L

 	
.u

 
-	

W
0
 

W
4
 1

4
0
 

n
 

a
 

.. 
' 

P
. 

1
 	

a
 

Z
 

C
 

I 
't 

a
 

f 

0
 

c 
c 

-' 
W

 

4
1
IJ

 
v
 

1
 

-A
 

m
 .

~ 
V

Ip
-0

c 
a
W

 
3
. 

a
., 

r 
0
3
 

5
 

.1 
1
. 

L
I 

C
L

 
4
1
1
4 V

0
 

V
 

V
I 

.. 
I4

3
 

0
 

0 
a
 	

:"
, tr

-7
 

0
1
 v

 
0 

W
 

C
 

0" 
S

 
C

:M
 

.0
 

1
 

a
4
 

U
c 

'c
 

, 
I­

v
1
0
-

'4
 

0
 

4
 

v
1
 

0
 

0 
-4

' 
,I. 

4
4
4
 

0 
m

 
4 

V
 ~ 

-
V
'
 

9
4
1
V
o
0
. 

0
 

00 .4
 

T
 

t 
.
7
 

to
o
 

0
 .
0
1
 
V
I
C
 

'
1
 

m
 

01 
C

, 1
0
 a 

O
 
4
4
a
 

0
'
"
-
C
o
x
 c
4
.
 

U
 

00~
0 

1
m

 
1

4
.. 

g. 
x4-' 

.4
4

1
 

v 
'
.
 

0
.
4
 

V
I
 

0
.
.
0
4

0
-
	

x
0
 

u
4
 a
V


 

-
0 

I
~
 

:
,
4
.
 

c
-
40

. 
4
1
I" 

V
..1

 
.7

U
 

U
V

 
U
.
 M

0
-

' 
.
 

~C
: 

... 	
4 

A
.
1
J
0
 

.
4
V
l
4
 
0
V
-

A
04 0

.
 

'
.
4
0
1
-

.
 

O
V

 
V

V
09,( 

u 
e
.
.
 

u
 

0
.. 

'0
-

1
V

IAW
 

. 
w

1 

0 
"U

9
 

1
1
0
 

0
 

1
 

-I 
m

I
.1

 
I'.. 

V
-1

-
0
 

4
 

'4
 

m
1
1
4
4
m

V
 

.I2
I4

9 
0 

0
0
1
 

0
 

01: 	
0
 

V
I 

4
..0

 
1
4
 

O
'. 	

0
 

IJV
0
 

0
.
.
7
1
1
-

1
 

.. 
4
0
.-1

4
0
1
.'0

.4
 

'.?
 

.7
 

0
.4

1
.7

-
1
-0

. 
4
4
1

 
.1 

.n 
w

.4. 
V

 
O

-.j4 
0.I 

V
 

L
 

4
1

. 
'.0

'.' 
z 

I)I'. L0V
I. 

V
Ix4 

0
 

'4.I. 
'. 

0 
04 

~ 
-4 

I.V
9..10 

0.'. 
4
 

-
4
9
.
 

-0.0-0.4-V
 

O
 

O
 

O
 

IO
1 

V
I 

j 
'A

 
V

A
V

)9V
 

I 
'. 

1
 

.
1
 

I 
'. 

'1
.I 

40 
V

"-44 
V

 



7
 

Farm Production Ecoromics Division for calculating aggregate input costs
 

L18]. Current or monoperiod factors of pro6 ;tion included in the input
 

sections are fertilizer and lime, seed, labor ane machinery operating
 

expenses. Other equations estimate the flow of services from, or the
 

opportunity costs of, polyperiod or durable reso' rces. Machinery expense
 

(interest and depreciation), real estate expense. interest on commodity
 

stocks, and real estate taxes fall Lto 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 gloss 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 identities 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
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between resource commitment and realized output and price, resource
 

of previous year input and commodityequations are specified as unctions 

prices. Previous yunr gross incomes, the ratios of assets tn liabilities, 

of sset stocks are included as demand shifters to representand measures 

funds. The income variablesthe influence of the availability of capital 

indicat chcnges in te a;ailability of internal funds, while other 

variables serve as measurc6 of borrowing capacity. 'Ile distribution of 

an important influenceincome, liabjliLttes, and assets among producers has 

on aggregate resource demands. Because of the lack of more precise data, 

however, aggrega t, measures of these financial vniabries are used. Since 

time is requi:'ud Lo adjust resource use to changing prices, input pro­

tne resourceductivities, and capital constraints, many of use equations 

are orMula td with a geometrically distributed lag structure. 

Product: ion functions 

Cobb-Douglas production functions are estimated for each crop in 

the models fr eacih of four time periods. InpuL variables appearing in 

the input s.cki~ of the crop's submode], are te determinants of that 

crop s prod uc L evil . 'Mhe functions are not estimated directly but 

are cons t cLted after sepa rato estiMation of each individual partial 

production euasticity for each of the four time periods. Factor share 

data are used to compute the parcial input production elasicities. 

Factor shanres are valid es iMAtes of part ial product ion el ast icities 

only i.feconomic equilibrium prevails. An adjustment model suggested 

by Tyner and Tweeten "321. is used to correct the factor sha.e estimates 
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for divergence from tne equilibrium position. In estimation, dummy
 

variables are used to permit the separately estimated partial production 

elasticities to change over the observation period. The dummy variable 

structure used results in crop production functions for 1930-39, 1940-49, 

1950-58, and 1959-67. 

Price and d::a d ecu,, ci.oe s 

The specif-cacion-: ol the coamiodity demand and price equations 

is bas,:.d on i recutsivC ine:rpretation of marKet forces. C iven 

the technology level, commodity production (and for the most part 

commodity supply) is determined by the prices of output and resources 

of the preceding year. The I-elative size of the predetsermined .upply 

determines the current commoQi'7, p 'ice, and the quantitv der.an eu 

is a function of c.rrenc price. The relative Size of c 'renL supply 

can be measureo in relation to ta.e quantitv demancied for coomestic 

anu foreign use the preceding yea-. Crop price equations were specified 

as functions of last yeai's price, the difference between current 

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

price.
 

Separate relations estimate domestic demand, exports, and ending
 

year inventories for each crop as functions 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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Econometric Considerations
 

The recursive structure of the model simplified the simulation
 

procedure, and under certain conditions, parameter estimates can be
 

one equation at a time.
obtained with ordinary least squares applied to 

The conditions that must be satisfied to obtain consistent and efficient 

squares are very stringent, however. Twoparameter estimates with least 

of the more important conditions are: (a) the contemporary variance­

(b) there
covariance matrix of the model disturbances must be diagonal., and 


must be no correlation of succe3sive equation disturbances. That is, the
 

Since these are rather exacting
disturbances must be nonautocorrelated. 


Two-stage least
conditions, other estimation procedures were also used. 


squares are used to estimate equations with more than one dependent variable
 

and, hence, allow for a generalized variance-covariance matrix. The-second
 

condition is made less restrictive by allowing the successive error terms
 

to follow a first-order autoregressive scheme. Fuller's and Nartin's
 

to equations with
[9, I0 autoregressive least squares procedure is applied 


one dependent variable. A method called autoregressive two-stage least
 

squares is used for equations with more than one dependent variable.1
 

Generally, the coefficient estimates of the autoregre8sive techniques are
 

used in the simulation model if the autocorrelative coefficient estimate
 

is significantly different from zero. All relations are estimated with
 

annual time series data for 1930-67. 

iThe mechanics of this estimation technique are detailed in Ray [23]. 



Da ta
 

Time series data for many of the commodity resource demand variables
 

are not published. The commodity input series was developed from cost and
 

returns studies, input-output studies, published and unpublished data from
 

the U.S. Department of Agriculture, discussions with officials of the
 

USDA's Farm Production Economics Division, and the national trends of the
 

1
 
aggregate input series. Published data for the remaining variables are
 

available from USDA.
 

Estimated Equations
 

The estimated equations and identities for each of the six commodity
 

submodels are presented in tables 2 through 7. Space limitations prevent
 

a discussion of each estimated relation. Such an analysis is given, how­

ever, in Ray [23]. In addition to the six commodity submodels, identities
 

are included to aggregate variable estimates for the separate commodities
 

into national estimates. Variable levels of commodities not in the model
 

are treated as given data and are included in national identities. These
 

identities are presented in table 8.
 

For example, the commodity fertilizer data series was developed from
 
survey and census data published by the National Fertilizer Association
 
r8] and the U.S. Department of Agriculture £15, 16] for the years 1927,
 
1938, 1947, 1954, 1959, and 1964. Estimated tonnages of nitrogen, phosphoric
 
acid, and potash applied to model crops were converted to pounds per acre.
 
Linear interpolations of the per-acre estimates were made for intervening
 
years. The sum over all crops of per-acre application times acreage was com­
pared to published aggregate consumption for each nutrient for the corresponding
 

year. Application rates were uniformly adjusted to reconcile differences.
 
Average 1947-1949 prices for the separate nutrients were used to aggregate
 
nutrient usage by crop. Non-nitrogen fertilizer distribution by crops was
 
used to allocate national lime expense to the individual crops. See Ray L23)
 
for a complete documentation of data sources and derivations and for time
 
series lists of all data,
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The Simulation Procedure
 

The estimated equations and identities in 
tables 2 through 8 des-


Econometric simulation
 
functioning of the agricultural economy.
cribe the 


computer language, such as
 translating the relationships into a
involves 


"operating" this model of the real agricultural 
economy.


FORTRAN, and 


other words, the collection of separate2 relationships is 
treated as
 In 


and "put in motion." an integrated model 

simplest when 
The mechanics of the simulation process are th 


recursive econometric model 
the real economy is represented by a 

The computer program is constructed
 such as our agricultural model. 


to solve each equation sequentially. Information generated from
 

equation may be used in succeeding equations. 
When each
 

solving an 


the equations for each of the submodels has 
Leen solved, one time
 

of 


period for the economy has been described, 
and the computer returns
 

the first equation to begin generating information 
for the next
 

to 


In this and remaining years, variable levels 
may be included
 

year. 


that.,,,Iere estimated in previous years.
 

"laboratory".

Simulation provides the social scientist with 

a 


completely impossible to
 Experiments that would be too costly or 


IA model is recursive if its equations can logi-lly be arranged 

values are explained by 
so each dependent variable (variables whose 

function of predetermined variables (variables whose values 
model) is a 

or whose values are given by past
ire determined outside the model 

been treated as 

values of dependent variables) and variables that have 

dependent earlier in the model. 
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* .721 L-LP.1 
1.33541 (.11781 
.1027 d . 1.54 A2 * .­

1.12111 

W6LSY 
. 

(179511 
9011 22,1714 

'G-l, 
2SL 
22.62f, 

AL, 

1 - 2.30 
* .03,10 FG-'VALA 

(.,"0.0 
.i - 'I - :.0 

1.003;, 

2 * 

A2 

.909 

.997 

P'-

ost 

624,48 

- 148,94 

Ft.-4C.Vt 11.089 * .4 859 Fl.P 04 t1t .9363 IFI;-7.104t.­
11149 (.1+ 17) 

+ iG-LISVO,_) * +".9024 CS-3FIPR t 
- .53l.' L-IlP, 

5.0(S.9884, (.16421 

f[.-+i' t 
lt. h94 , . 3 r;-7; i AV t 

(,. I l 1 
,LS , - 0 .,9 k .9 17 0L 

("111.11s) 
161. Fl,.11,1 ' - 2.01.9 

lI~b Fl-IA1 
110-l0I1).. 1 

l 2.I,7u' l, * . V/III 0G-t31517. 1 

" 1426.0 
FG-CINV 

0V0 ; 

- 2.02 7 

':sin 

* .5264 1 - 1.91 
(.18 

4 
31 

- .1I "3 F4;=I34I 
1.01(.0 81) 

It o 1,41 

V - .949 11M6. )(,.70 

.,I160 .1 G- s4 - ( ,11409 
( O5' 1.04 
II - .KI1 173. * 2,l27 

-. .PL9 

kGI.I, 

'. 7.4,,1 
Al 

- I.h;ll3 , 

1.1729P) 
0 - 2.I. 

,12 F,;4ThAl 
02 .9/ SE ­ 220.93 

FG-FxP t -. 50. 

.,LS 

,.0.'.4 rc,-vIt. 
.,74) 

-. 5074 .1 

.9 11I..l' 
(.6542, 

2.06 H-2 ­ . 45 9' - ',.81 

AI S -'-,. 1 
I.(+21 

* i. k2 .93h M.I - 403.15 
FP-'. 1[1 - 04,bU70 * .b1609 FOU-L'H.04 * I 1-P0t 4 .0565 0G0i'li t 

hI.-PH) I 
- 21,+VALA, . 707, 874 . . , - 2.55 0 * .,0 930 * ;.,,;,51 

( IfirltfInt otandkrd ertn r. arc, In npartntheJe. "11.-tit 5, tltn ts chninope ust,- to eatimate parameters are Indcicnted an LS (least squalrcm] 

Al.; (,, .rut r, Iv.IvI sq.,,, r-9, S2.S (two 0t.t:. leoait yaUar-) .,3d A (asutirt.grvslve two stage least squares). Thle I1rt ,,rder ,sh,.r, 0 ,.'.,I, 

c,,fifttl 1 0 rs , .9 , . erOI blr,-.-DWat-,n aattStic and i-,91tiln moa.ft quare error (HSF.) are an reported. 

http:FGq107809I.FO
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Trlb6 4. E..tta-P7dEquAtionl for Wheat Sotl.77 -3 

Output Section
 

J2 0 1 2 


W-AC 26,908 +5.732 ' 7.0059 P1, W7PROD(1932-3y) 7 WSEE; 16947
8 " -ACATOIM + .4722 W-AC 03
 
t 
 2(7. 7017 96)


3070 2 

! 27 0 2+ 1 8 1 2 9 


I.S d - 7.69 It .778 MS - 22.656 W-M7CH 4 W-REI; 1 u-rOR 1 8-970S W631 
1
 

W-ST - 155.00 . 1 P-P6OD- ttSI-S NT;02
)191 + (,00) P/' W 59 W-Rli 05353 
t 


2 

LS d - 2.- R7 -. 24 MS 20,645.
 

5s h
 
7. *20W-7 -O.2 (10900-49) 59.12,76v- ERT,027 W-SEEDbW, '+L.hh ili 

7 7 
+ 0539 W-GI.qct,,
 

0 5 ) 0 U ¢ 0 h f
 
ALS - 52 d " 1.99 A2 860Q MSE - 1.007,8 '/PO(1950-58 " FIT i-E* t00( Ul k


) 

O ' 2 1 56 38 ' 6 57 't rO (
 

(.IS)I) W-¥~~.1A505 .'(h 1'OR W.Misc
3
 

0 9 9 0 8 2
 
9.09-f1V~ 2272 I-1TVRT2IO1.O 0,014$w-MSTK . (75.7773-(b5-WKS)-MPU. 1 57Y., w-7777'IT 1 0 6-POW 70.99 b 60 - N *09t 


2 
 0
 
-- R (199 7 * 5,,77586 Ot. P 0 5 1O 7 I
ATS-I d - 2.37 k - 928 SE - 9 ,35.1 U P O 6-FE32 , ¢-SU701Y 6 b
.02109 .0163


) 


W-PRIA, - (.3271) - +4811 -z V 7 2+,:, ,I)W-IRLA
-61.515 + l~&IFSt .5399z. _I+

1 018 .,C ;6 2
 

LS 2 
d 220 R 8 9 ~b, MUP 109, 
 -ROt+I-I~t,.WCv,. -?. 

W-VALA, - 2.14(J4+1 660!)W-AC, A W-pI(LAt
( 0003 V-p -0455. .159 W-PR6 OUO.'(.-7py - -UIIL
( 70)9 82SLS d ".3130)2. 2 - 2 999 MS0)S 9,00 ( 0,039(.0150) ( Q008 I70 1 - .9 4 -*a 

7.,033 3-5 
1 

766345 6-PRt7 


W-SP^t.W-STKVNt 4 W-vALt4 w-MSTKA;z (.29b) 
a 


( m l i i2SL d - 1.52 9' - .6;1 MSFE- .057
 

--9D = 306.930796- 1 .123 P60 .T.S-PC6007.- 5-101 -1. 

t
 

.:FE95.9,,S(-+ ,14 h*-SIPA . IUS-FTIt.7)2TK 86 5 0 T765. (I6:11B, |)3.25 ++ 00O41t-~ .6,255 V - (,O0 | +
9 + 91+21 TH61 7 
t (.3_39) . [ 1,275 TIE
 

6,006;-FETt
 

(.1313R 5 8SE .3254 d -57O.5 R12-.6h4
AT -2 c - I101.)9
7' 7 t1 (-7 

2SI. d "1.96 k2 . t9 HE-25n(.1679)
 

W-A~t " 1. )? 1-D Fr,.n 6AAV)rlW-SEED .0,90 + 2,7897(.9 .99'6n''DI[1*(1,1€5551TIME (7) 02WP . . 1914(.52 219.8O;(O,
t 


AT'-] 44, d 2-5.01k2 E - 50.7 +-8AC 9 0/- 08 0. 

- 1 .:TLS . 0,41S.1 d . .7110MSE ­-6.1.5 

(.1-42) 0-01 ,2 180P9) 4.93 


20. 7.9 62 * .669 578 * 25,0.77, (.91779)
 
r (: 122.) t 37 2, (. 0602) t.

I

W-MACH ?.1.| 4 ,2403 W-HSTKAVt - (,U045 TUME W -J5UGIRV 

2511% d - 2.24 A', .976 W E - 127,25 LS d - 1.34 11 ,905 M',I - 11,0 

U.-r -15.)62 + 0495 W-VAIA + 2.9174 TIME -- .5 W-LlhN - IET - .OB9,' 1]1;-cltllI256.54 df,.0 -M' W-G['Vt tt t
(.0h15) t (1.11tO) t2 .6 i) O9 .%% I 

ATS-I d . 53 A,2 .9Bd MSE a 46.5J? ATS-I d - 2.21 111. .748 NSP 2,5 .. 

- 0 5492 - .1?1 6 W-X 20S-M7PI 7.52 8 . 0 - p. . .- .09 4 .0091 
. 0J ) (.0149 I (2., 08) 0 (87)3 ) (.O ,)

ATS 2 P (.14) d 1.74 R .976 S" - 205.6Z P . 0 . - 9.241S (0.59 ('.(9 

0-00SC 115.79 + O07 -A - .8069 us-rsp t . +- 5I0 .0-C • 3. - 9042 8 0.790'- P 2..1),902 
(.003I) (0364) 7.7067 :.014h 1I. 50.)

8-7 730.23P-PC9 - (.73 8 0T 5..908 - 1 - 3 . 6 - .70 770 - ,0.9S.07 .0 

(. 0 (.02){.05822 
A7.-1 I02.- o .7 b4 MSE -3 .0. 

2977 .0P.7777c -. 082 007(79-87- 1,36 * 7780893P~V7A~4 - 56.0 -86.67254-76 * 797 0-770 
W-INT - -. 5146 .ObZf W-5TKAV'I 

t 

2 


2I', d 2.3 R . 7 2.-22..5hs-


W-9FTX, - W-VAIA 6; .-MT,
t 


"lLoef1icIent%t4ndAtlderr,-r are In patvntheses. Thue ltlmal- tucrnique ulledto eslltimt paraeters Are Indicated aisV (es qa~J 

AIT(alt~legrt le]ast mqua...), 2!:[.S It+o wtaFa (ua~t Pqtudre)and Al lAutotcgleamsvutwo otdoo leastiqumres). The fltrt 4utoreigl'eami,? 

"".,rofetIn purted alq ~utl statist|P J nlA4t quare tlr,,(MSEF) Jre reported...
a The in-Wltann d .. saf 

http:1914(.52
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PuPIlaPePI [qat60P .9b0ad~l a
 
I.-S.wf S.d 


T.b(e 5. for ,.oul,.an 
P 	 tput $1,6i­

31116
rET;00760 .6"2419 1. 
S.At 404 1-PW(9J-3)

1AC - .600 0 I.2589 S-PR - 0i0 rG-Pg + .1602 TIME £~'IIO19 ) 5.83512 - -EED
 
t (.76791 IOab))l - (.00S))
 

0 8
 
58 S'ISC? 1 76
 
n S 


S-mai1oc 6919 5_47t0 S.O ;10501 
+ .667 7-ACt.8 

LS 8 * 2.19 A' * .989 9SS - 1.570 	 5.I1T;01631 S.EETi 0409 

S-STKt -1.506 * 1.0921 S-PRODt.I 0 0 7 0 6 5 
I .0~10( 27* 960!* ,6. 0.06373A-FITO 8 S-suiv; 7 1 SL.600965 

Is 	 d 2.18 9 936 SE - 5,67.1 S-PSOD( 40. "- I t
 
1 9 9 0 76 1 0 Db
 

S-StYAVI. (S-$T t.I +.S.STY1t~2 S.HACHjDOo'4S-kE 8 ,.FOR,Oflbb .S-i N
 
t 

S-911. - -1.902 4 . h 9.-CICt. + .6741 S-pU.I5
 
1.6269 (.1617) ..77 S 05TX5O7"
 

Z 

LS S. 2.14 R - .967 .E 229.18
 

1425 9,100 	 01716SS-h050 - 4 .417 t 1.0048 -MST. 	 0 'O 
SL LARt710
6 	 SPROD (195 1.47L82 5- ERT . 0)7046t 0

P .Sc3 
2 	 2 0 4 9 

AT-l 	 d 2.23 - .980 160Z 7,543.1 S-MAC6 4 S.2; 1 1695 

rTKp)/I
0-9i1tAE - ( 57t7 * h4
] 


. 197 .A 02601 
5"P67.0 " 19,940 .. 5-))) +* ~ 


(,Mej 10 1 pI - S
 

L5 a - 2.17 11 - .917 6S - 06.195 0297 0099
 

.-VAJAt - .572 +1.975 5-PALA I S-AC, $-PROD(1959.67) - 7."92 S-POST 0-SImE S-LA I0 


2 3 1 16771 0 
6l.5 c-. 1-65 d . .980 RA - .999 9S - .015 s-oro S O S.Sit1l1S S p53 s"10C.0 0(6

(.0977) 

!,-,PA,•S-STIVA	 4 S-0STKAVE0 + S-VALT 3600 
t 

S-SPY, - 5-pROD + S .Iyt. ]S. -	 t 

P P
P u q P ,o q P) 1', 	 2 -T0011S +,: 1118 WA7 -( 1-5PI tFI,pAl

KA5'N6+ -0012 TPP1-64 +.0040S-PPA 5-SAL .­

" Sl. m) 2 . 9(.S-OT54 	 S-TILt-,) 0 d S 

.O SE
I.7 d1 LY1 K - .9A) - .070 	 ALS 1,.311- .2107 -d .10-06A 0 29 (907- . O(.526.91.01" (.0009) 1.0019 	 .13 

:161 ­3 (.2O-S/7I
(.36) 0) 	 61  

.22 * 3 t 

+ Ib E2 
1	 

0-.- N S -2 AC .9710 18) 7 	 05f 2 

(.2970) (.0770) O-CISt - -180.31 -17,610 S-7R 7677TO 4 2.9177 TIME 9 1.9 (P 
AL - .lfi. d - 1.87 2 - .947 P4.6 * 5,112 . 2621) , b15IA.$119 

(.111) 
+ .6484 S-CDt. 

I-IJA0 - 10.410 * 	0.97)7. 5-6). - SlO) 71, .,651 0-1.0E (.107p)
 
'.6)73i . 1I) ) 1P,55 02 9S6 ­(.9973 201 d * .997 J.O,) 

AL.S-1 * .917 a - 0 .091 M6 - 21.55R.0­
{.65361 S-CANY - -7.,646 .007 S-700 * .5707 S-C I(St. 

-MACH.. 0) 1-71 
6 


1.060) (.7151) 

6(25 I 	 d " 1.41 R * .699 05 1.,)1) 	 2ns - 34, 


ATS-2 - -0'6 <1 2.1, 91 - A97 906 * 34.910 
(.19101 

S-ELP,- 2.909 .. . * 17 +.0996 .,
 

S-l; - -. p 0510 -VALA, .i431 T3. 


- 12 0 S-PR, 9 

(1.(490 20 4.0,25792 
t


,1)3) 	 7S-2 * -. 2916 d - 2,60 32 - .98b SE - 94.611(.:) )) 2 

AT-2 -. 01, 1 - QII P2 .59949 - .521 	 1.2111 

7 
-FOR, - ) It. .1205) -0TYAVEt 	 :-I9CC - -1.9 6 .97719S-P00t 

- S-PRL46.694 ,5111U1-I;, (.0058 p(:.12 ') 	 1.0 247 

A7S 5 * .071b 	8 - 2.01 0 * .99R MSE - 16.047 
p .301 5-007 	 (.10601U(. 60~) t 

2',LS . 2.01 A' - ,990 9,' • 35.296 

%.MJ0;(t - 21. )( P ,+ )1.. 
i 

(- 5A6 - .2055 0UssPI, 4 6.27] T91. 
(.1)036) (.1921) -I(1.6981 

0ld 7 N)2* .994 (S4 - 17.510 

-IN0 - . P . .- IOAVl, +3)991 '59 

615-7 - • () 0 - 7(7t14 . .7 . 1,07 0.W5 

Ict*fIeisItpp.,dar,1 orr,,, pppp. ( part~P p;ap. ,. ahp Iamap1.n technique t*led pal .6s1*tl .pig.lilt+lre |Iul... a. 1.9 (ea~6 *qP..Pfl( 

q a.. . Ad06T l ore groPa oet w s in e f l.l sq u a r p ) . T h e li r t o r et l r olpekpc . l o 
Pup lied t-n 

0, h r, lp/p...p vP * e I, q o..s& .(l A . ltag .A l. t .... u s I 
okt"IP l lip up). 7p. Wl)rhl-,u 8 sPpI1t, An.( e:-.tlln Pope iquar. orr 1996) e .1- P.p.t.d. 
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Pro-Oput Section Output S-tlo 

0 B 0 2 9 30 5 99 0 0
 

- .4037 TIME C-POD- - .00126C-PEAT o C-SEn C-LAR 
t (.1303) (.1336)C-AC - 12.716 - 3.9460 C-ACATDUIY* .0439C-PAt. 19 3 2 39 ) 

(1.6368) 
7 

AL . d - 1,96 A2 HSE - 9.019 C.HACH0e15 C.R6;29961C.PON;10179C.H 5c;23047p17% .865 

(.1392)
 0


C-STV * 310.37 - 12.9612 C-Cbt. + .3t70 C-STK01 
t (15.7396) i (.1750) C-1601381 C-KiETxS05419
 

2 
LS d - 1.95 I - .195 1SA - 19,399. 

.04843 -01350 CLB.41199
 o4 9
C-0S1AVf - (C-STht. 4. S'STKt)/2t 1 C-pRoP1( 40- ) - .04502C-F£T C-SEED -LA
 
C-KPU1R - 49.1934 POST1W8/DY + 4.9609 C- .QTYt.1 O05491 11399 . 8
 

1 9 4 9 1
 
9 20 1td es 114.489 , U1 0 

(15.9919) (2.2515) C-9ACH; Cr C-f 9 C.9I C 

US-HPIt. - .017 C1G lc1
 

t 


L 

° ° a 

(.4,23) (.0161)1 02 c-I9T 00-04 C.-8C~100124 
2 


ALS p * ,136 d • 1.94 I ,816 962 - 466.787
 
(.2194)
 

0 4 9 8 0 1 1 9 9 )
 

- 100.;2 C-PEIT, 5 CSRDl 1 C.tAkO30CPAOD(1950-.9) 

t
C-MSTK - 54.33 + 1.1264 C-HPU 4 .6431 C-KSTh 1 

(.3522) (.10)51 
17 4 81 0 6 . 

2OLS d * 2.42 02 - .769 94E - 5,005.1 C-CH; C-RIE14163C.roR 9 C.MIsc*16 

C-N.2T AVg - (C-STSt. -C-MSTht)2 C 08 82C.REyx;015210INT 

t 


C-PRIA
t 

-5,204 + .0064 C-GllC,. + .9644 C-PRLAt.
I
(.0038) (.04291
 

06 529 22 9 1 
LS d - 1.6 R2 - .939 1q - 131.71 C-PAOD(19 59 67) *, 06230 C-PERT; C-SLED;02qm C LAo* 

C-oLA - 3.339 * 2.0569C-POLA C-AC 0.C'VL~t (,033)C-1KACI .09111 C.RE 220 C-POlO0 C-MISC'IU, 
t s; 00 d - 9/97 2 - .999 9SE - 76.502 1 1 1 

t t 

0 2 4 
C-INll!t js C-PITX1 5 5 

C-SPA - C-STKJAVr 4 C-901I(.60 + C-VALAt 1 
tt t 


* -CyIV *CINY-Inrut Scion C-SPY, CpOt C + C-IMP 

C-PEAT - 62.287 + .0102 C-SPA - 1,2676US-FTPI! - 4.8198 3901 C-PR - 3.817 .41519 C-SPP9 - ,0126 (C-SPYt- C-UTILt~lJ 
t t 1 t 

(1 (2991 iI
(.0043) (.4615) (35284) 

+ .4706 C-FEATt - 1598 TIME + 5689C-Pt.
 
1 


(.1770) (.014) (.151) i-1 

ATS-2 - .5110 d - ,29 02 - .937 95E - 223.37 
ATS- d - 2.33 02R .7) l 0E o 11.616(.1639) 

C'SFED o.595 + 1.6375 C-Ac - .11701C-SDPt- + 03475C-SZEDS.
 
t (. 94C) - (.0 0 -1 ( .709) C-CD

t 
- 1.017 .0|25sC-0P11 * .0963 C-IhV11 

* .6166 C-CD,
11


(000(0 09(.0636) (.140) 
2 

2SLS d . 1.88 A .915 9;E - 12.310 2 -0 - 2AL -. 00.8 ,d -1.96 R .651 .45. o .781 

(.282)
C-I.A9 * 1180.8 + 71.7149 C-AC - .7927 C-KSTA9I - 35.6428 111 
t (9.91 54) 1 3 1 17,99 6 

2 

ATS-1 d - 1.69 R - .973 9S1 - 29.994.5 C-GINV -1.6.1 + .4990 C-FOOD, - .8271 C-CO - (1624 C-YqPP 

t (. 2 ) t (49 {. ?hY7
 

C-KACH . 5.Z01 + .2333C-KSTKAVE - .313 TIME 
(,0120) (,1429) * 0116 C-'. 

2SLS d - 2.31 R2 - .929 SE - 74. (,12492
 
1.2SS 
 d - 1.91 A - .413) SE - S.2 

C-BO - 14.656 + .0499 C-VALA 
t (.0010) t 

Ad- .(62 92 ,90 3.292 C-CINVt .0605 + .299 (C-CI9Vt. . C-ClOt1 • . 239 (-Pc)) 
AT-I a - .989 3. (.089) 

1 1 1.,161 

C-FOI - 263.93 - 2.550783zARUYUS-W.'PIt.1 + .2540 C-K(STAVE - 3.2415 1I4 -.4519 C-GIN1l, - .101 C-PR1 1.4606 


(.9283) (.,0751 G(1.27) (.9901 (.0125) (.b263
 

201. d 1.48 A - .79S MS. - .912+ 0963 C-POR, 1 
(:2019)
 

A4.S - .2734 d - 2.16 R2 . .985 9S - 447.40 C-ESP - .33)8 1,0580 C-SPY - 1.0972 C-CO - 10614 C- I IN 
1 t 

1.24,4) 1.0429) (.0307) (.04 1) 

- ,05. C-[P..l 
C-'.;C, - 259.90 - 1.4631 US-FSPI1 + ,3290 TIME - .1054 TIMO*2 1.0207 

. (.9461) (.0)04)6693) 

4TS-1 d - 1.6) 92 .941 HIE -(-2CI4C t 
* 112.77 + .3611 C-P01, * C-PA , 6 -YPT 

C-I"T - .0 + .0629 C-STKAVEt ATS-I d ­ .6 82x 0bJE - 4.795,6 

20. d - 1.55 R2 1.705 SE - 25.695 

(.-PETX C-VALA 
t 

* C-TXRTt 

Cor ((clent RtSnM~arA Pr,,,r are In parentheMs. The estlmatioMn technlup uneA IItt. eutlt.ItI p.t-metcrS 4- ""rII, ow 1. (lePtut-nElated 
t , 

tofftrlent Is teprtel en o The DOrbln-WmtsOnd .tatiotleI a 
A.S (daturvrv4lvI leaut uquore.), 2SLS (twv stale Iout eqkllnd) a AT Iautorgre.lve t 4t. 1-0t Squ4res). The 1tr.1erder autoregreasIvc 

d eqton W an square error (9s9) are also reported. 

0 

http:C-901I(.60
http:C-MSTK-54.33
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Est, cted Fquat tons fo 1-h.rno Snmdl
 
Gutvut Sectlon
 

I . 

P.e.-in.uSnctton 


0 60 4 3 5 9 
 0 19 8
 

11.52$0 T-FEAT; 1 T-LAARt 0 5 T-MACH; 7
 
T-PROD(
-P8 - ,061TME

F-ACt -. 057$ - 1687 T-ACATOMY 4 .015 
T.0695) (.0023) (:0010)0 

0 2 t 

.7429 T-AC, 1 
T-8£028661 I-OR; 06364 T.Hisc 09763 T.INt 98 

(.0802)
 

ALS -. 5419 4 * 1.81 02 -811 8(S * .0187	 9 
T Txi0E
(.1518) 


T-STK, - 13,822 , 	 .036 T-03t. + 61.4891 WA40D70Y - .0792 T-CINCt - 45.63873 5 7 0 1 8 6
 
.0364) 

1 (11.3597) T - ) T4T00430 T-LAO*R't. o"64c l
(.0491 	 0PROD(19.3 

A .6612 0-STy 	 37 052 0 5 63 06' 
T-RSt 13224 1.FOR,06521 T. isc;O 1 T.I-T;01654(.1049) 2 

81.9 	 - -. 52.4 d - 1.84 6 - .54) 8(00 - 2,5,0.6
 
(.1676) . 10
 

T-STIhAVO • (T- T6t. 0 T- t2 
t 


0 37 0 9 
-i T-PRO(1950_58) 	 49.47014 T-FERT, T-.ASA, 12368 T-.ACH 02045 

T.8PUR8, 9.030 + .'.8 61 PO$AIOLIKY .0099 -GilOt 1(.9164) (,0011) 	 T.RE 16542 T-FoR 0634 06315 T.0NT,00890 

- .0877 S-o0IPt 


I's d - 2.31 9 * .802 8SE - 2.921 	 T7EETX,( 367 

3 0 7
 

T-MSTK - 1.116 + 1.83]) T-8PU , +.0 25) T-8STt.1 

8 

T-PROD(8.58 644 T-FLT60303 4 T-LAit 64 T-0ACHt02079 

(1.02,9) 0 4) 01 11959.67) 4 0 t0( 

2s5 d - 2.18 0 	 TRE 2010) T.FO7 05588 T-MISCt 1527 I.INT O0106 H2 - .15 	 MSEo 225.31 


(T-8(5TK ,+ T-MST0 )/2 	 -kETX
'-MTKAV to 	 T jO599
 

T-pRLA - -9.320 + .1228T-fMSZ/.1 .0094T-GINC0 1 + .9066 T-PRLAI(.0740)
t 	 (.005)1(.0650) + 

LS d 2.27 A- - .911 MSE- 4.593 T-SPY T-'PD TCINYt-, + T-IP 

t
t t 

-.VA" - .980 4 71.1412T-PRL t T-AC 
T-PR .3195 T-SPPR t(.0016) T-LIIL.(.0040) t 2.77	0 (.3308) - .0038 (T-SPY - 1

) 

.365 0 (.0016
d 10.1) 82 .999 MSE - .603ATS-I 

7-014 * T-SVl.AV f T-STYAVEt + T;VA.A (.31)
 

AL. I - .1812 d 2.22 

L 

02 - .79. 9SE - 15.661 

_ __ 	 __ -(.29)0) 

- 1(6.T 705.31 - 2.766 T-IMPt +(.5126 US-PCDI . 7-CS 

1-886t, - 19.058 - .3651 -TPI.1 I .0155 T-GISCt .0090 TV). , 109 1507) 0 ( a1716) ­

(.0450) (.00)8) (.0022) LS a - 1.16 8.2 .74 MSE ­0 11,948. 

ATS-1 * .3fib d * ,06 k • .981 MS - 4,536
 
(.1045)
 

T253 1-Cl -1.96 - 7.7633 T-P8 * (.13 T-PRUD 6 .8710 ICI.t(Vt. t t
1093) (.0:o5)T-.At(26939) h, 

ATS- * 186. 62 .d08(15.6740) 	 ." d 1.74 - - 1. 

ALS 0 - .8104 d - 2.28 R2 9?7 MSE = 380.8h
(.0500 ) 	 T-EXP - 298. 02 - .0 73 T-FPDt. 8 7171 TI E + .6039 T EXPt. 

tT 00C. 0- ,q920 T-HSTY.AVEt 16|84 T-14ACH'S 	 (3:30) (.2237:* (-KACH 1 t (, 001) t- (.0230) _(.27 
ALS , -.0890 d - 2.00 R2 - .327 8(S - 5,535.1 

hT-I d - 2.56 02 - .967 1S) - .718 	 (.2671) 

1-41 71IZ"1 .0586 T-V.LA + 4.2802TIME* .5 	 T-GI9 t - 37,302 + .0092 T-PRODt * T-PRL 
t 

(,00'9) (1.8718) 	 (.0011)
 

.6601 d • 1.92 62 -'.90, M.9 7.25. 

(.0M30) (.1377) 
ATS-1 * .3775 d 1.15 k .973 8Se - 28.226 	 AI5-2 ; ­

0-906 3. 0.4.t - ,648(B 1s.SPit. | + .,451 T-STAV t(.108)(393) 
-1.0063 71My
 
(.56 9)
 

ATS-2 7. .589 d - 2.0) kA - .907 8S - 52.699
 

(.1467)
 

I , 0 2 T SPAT .8M l!C -	 8 . 15 , 22 - . 8 -0 S- F PI . 

(.0025) t (.069O)
 

00W- .. - .358f6 d - 1.32 A - .972 0090- 12.47
 
[.OhW}
 

T-I01£ -. 133 .U1,40 t-STKAVE 

TS-2 ... -1665 8 - 2.16 8 • .85i H(E - 3.331
 
(.1335)
 

T - F T X ,- T - A1.A A - 0 7 
t 


I 0I II 	 m 

rotor Tht Ocvirnique used efl~eateloefi|¢t..ht starlara " are In prenthu0e0.. n. tlo*n to parafnters are, indiated a.LS (IaO qu re), 

91.1 (acftor.ttAdo',r Iraqtoqua*). 2219 (060 siare Irso nquarr) ad470 (lauirrgrstv. too stanc leant quart.). The 11rat order autorr.relVe 
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in rnloortr,) 
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Table B. Identity Equations for United States Submodel a
 

Pre-input Section 
 (Input Section continued)
 

+ + 
US-AC FG-AC 4 W-AC + S-AC + C-AC + T-AC. US-LARR, L-IjiR + FG-LAiR W-IABR + S-LAiR t C-LABRtt t t t t t t t 

+ O-AC 4 T-LABR t + O-LAiR t 

+ C-STKt US-MACH * L.HACH + FG-MACH+ W-MACH4 S-MACH + C-HACBUSSTK * L-STKc + FG-STKt + W-STKC+ S-STKt t t t t tt 

+ T-STK t + O-STK + T-MACHt + O-ACHtt 

+ 
US-STK.AV~t . L-STKAVE + FG-STKAVE + W-STKAVE 4 S-STKAVE, US-Re * L-RE t FGREt 4 W-RE + S-REt C-REt + T-RE, + f-PEtt t t t 

4 C-STKAVEt + T-STKAVEt + iJSTKAVE t 

US-FOR - L-FORt + FG-FORt + W-FOR + S-FOR t C-FOR + T-FORtt t t 

+ PG-MPUR+ W-MPUR+ S-MPUR + 0-FORfSMPURt - L-KPUR t t t tt 

+ C'-MPUR 4. T- OUR + O-i UR 
t t t 

US-MISC
 
t - L-MISC + FG-MISC + W-MISCt t + S-MISC • C-MISC
t 
 t 
 t
 

US-MSTl: - L-hSTKR + FG-MSTK + W-MSTK + S-MSTlt + T-MISC t + 0-MISC tt t t 

+ C-MSTKt + T-MSTKt + O-MSTKt 

US-ITt - L-INT + FG-INT + W-INTt + S-IST + C-INT 4 T-WITt 
t t t t 


US-HSTKAVE L-HSTKAVfr t
+ FG-MSTKAVE + W-MSTAVE t 
+ 0-INTtt 


S-MSTfAVE t + C-MSTKAVE + T-STAVE t
 

4 O.MSTKAVE USRETXt . t + t + W-RETXL-RETX FC-RETX t 4 S-RETXt + C-RETXL 
t 

+ T-RETX t + O-RETXt 

US-VALA. - L-VALA + FG-VAI.A+ W-VALA, + S-VALA +t
t 


+ T-VALA + O-VALA US-ATE - (US-FERT + US-SEED + US-MACH 4 US-RE + US-FORt+ C-VALA t t t t tt t 

+ US-MISC + US-INT + US-RETX + L-LPUR + L-FEEDt)
t t t t 


- US-STCAVE + US-MST.AVE[ + US-VALA * US-ADJUS-SPA t tt 

Output Section
Input e ction 


+ 
JS-GINCt- L-GINCt 

+ 
FG-GINCt 

+ 
W-GINCt + S',ICt C-GINCt 

- FG;-FERT4 W-FERT + S-VALA + C-VALAL 
+ 

4 I-FERT t + O-FERTt + T-GINCt O'GlNCt 

VS-FERTt t t
t 


US-SEED - F,-SED 4 W-SEED + S-SEED + C-SEED US-NiIC - US-GINC - US-ATE,t t t t t t t 


+ O-SEED
 
t
 

(continued)
 

aCesifflent standard errors are in parentheses. The estimtlo,, technique used to eNtiate parameters are n.icstt-i as .s 
ieat squires). 

Th' first order autoregressive coefficient is reprted as The Durbin-Watson d statistic and equation mean square errur are
 

also reported.
 

(leastsquares), ALS (autoregressve leastsquarea), 25LS (two stage leant square) and ATS (aut(regressive two singeo 
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the real eccaomic system can be conducted with a simulation
perform on 


can be used to provide decision makers
model of the system. The model 


with information on the probable impact of a policy change on the real
 

system before the change is introduced into the system itself.
 

Econometric simulation models are not restricted by imposed optimi­

zation rules. Tie agricultural sector is influenced by a wide range of 

continuously changing forces, so that the agricultural economy can be 

considered to 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 realtionship takes as data part of the 

information generated in previous periods [26]. Simulation models that 

solve rela Lions 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 information makes the technique extremely useful in tracing
 

primary 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 influnces 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 finps,
 

industries, subeconomies, and economies have been developed.
 

Duesenberry et al. [6] and Holland and Gillespie [14j have developed
 

simulation mocels 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 [ii] and Zusman and Amiad 734". Other
 

firm models are reported by Cyert and March [5j, Bonini Elj, and 

Eisgruber "71. Naylor [21j reviews additional models that have been con­

structed to simulate the behavior of nonagricultural firms and industries. 

Crom E3* has constructed a simulation model of the livestock meat 

economy. tie used the model to appraise the effects of alternative margin 

levels, foreign trade polici2s, and price stabilization poiicies on the 

livestock industry. Craddock [2 presented a similar model, lie 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 bei-avior and macro 

or aggregate behavior in agriculture.
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Simulation models of the United States agricultural economy have
 

Both studies use simulation
 
been developed by Lin [17] and by Tyner [31]. 


techniques to investigate the impact of alternative government policies
 

on aggregate resource allocation and aggregate output and income 
in the
 

The model in this study extends the works of Lin
agricultural sector. 


and Tyner and draws upon earlier econometric studies of Heady and Tweeten
 

[12], Helmers [13], Minden [19], and Scott [24]. 

The simulation mechanics of this study 

to simulate the agricultural economy inThe computer program written 

this study includes the following: (a) the equivalent of econometric 

in FORTRAN computer longuage, (b) instructions toequations rewritten 

a
read-in initial data and data not generated within.the system, (c) 

use, (d) a loop that instructsfacility to store generated data for later 

the computer to make the desired number of passes through the set of
 

equations, and (e) instructions to print out the data generated in the
 

system.
 

The simulation process begins by reading into the Computer the
 

initial values of all explanatory variables not generated within the
 

system. The computer program begins a pass through the econometric
 

equations sequentially. The first equation of the livestock submodel
 

is solved first using the data that was "read in" and the equation
 

parameter estimates. The generated value is stored and the second
 

equation in the livestock submodel is processed. The generated variable
 

estimates are eligible for use in succeeding equations. (For example,
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the first livestock equation estimates the value of livestock purchases
 

in millions of 1947-1949 dollars. This estimate is used in the second
 

livestock equation to help explain ending-year stocks of livestock).
 

The remaining relations in the livestock pre-input 3ect1uL* .iie solve 

and the results stored one after the other. The livestock inpuL 61,. 

are treated next, followed by the processing of the output sect LOUI 

the livestock submodel. In turn, the computer generates estimtes -or 

equatioas in the pre-input, input, and output sections for feed grains, 

wheat, soybeans, cotton, and tobacco. Finally, the United States esti­

mates are built up from the respective commodity estimates. For example, 

total United States fertilizer demand is the sum of the fertilizer demand 

estimates for feed grains, wheat, soybeans, cotton, tobacco, and actual
 

data on fertilizer used by all other crops. When the last United States
 

estimate is calculated, one time-year for the agricultural economy has 

been described, and the computer returns to the livestock pre-input
 

equations and starts the second year of analysis.
 

To begin the simulation technique for the first period, we said 

starting values of all explanatory variables not generated within the 

system must be "read in." Explanatory variables include variables which 

influence the agricultural sector but whose values are determined outside 

the sector. These variables are called exogenous. A second type of
 

explanatory variable 'used in the model includes variables 'whose values 

are determined within the system but in a previous time period. These
 

variables are called time-lagged dependent variables. In the second and
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succeeding periods of simulation analysis, the values for lagged dependent
 

Rather, the stored dependent
variables are not read in as given data. 


variable estimates that were generated by the simulator in the previous
 

time period are retrieved and utilized appropriately. The computer makes
 

as many cycles or "passes': through the model equations as desired.
 

Finally, the computer is instructed to print out on paper the calculated
 

values of the dependent variables for each year.
 

The feed grains submodel
 

To illustrate the internal workings of the simulation model, the
 

relationships and calculations in the feed grain submodel are briefly
 

reviewed in this section. In so doing the simulation mechanics are
 

traced through the three groups of relationships that appear in this and
 

t<lelother submodels; pre-input equations, input equations, and output
 

equations.
 

Pre-input: equations: The purpose of the pre-input section (table 3)
 

is to provide estimates of feed grain acreage, commodity stocks, achinery
 

stocks, and the stock of physical assets needed in the input section to
 

estitmavte input usage. Previous year simulation estimates of feed grain
 

price, feed grain acreage, and wheat price, along with current-year actual
 

data on acreage diversions, are used to estimate feed grain acreage in
 

the current year. The acreage and price of land estimates determine the
 

value of land used to produce feed grains. The simulated level of feed
 

grain production for the previous year is utilized to estimate the farmer
 

stock of grain. Beginning-year machinery stock and current-year machinery
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purchases determine the level of ending-year machinery stock. The level 

of machinery purchases is calculated before the stock estimate and is 

influenced by gross receipts generated in the last iteration, the efhitv 

ratio of the preceding year, and a variable representing the temporary
 

expansion of machinery purchases following World War II. 

Input equations: The input section generates estimates of current­

year input levels to be fed later into Cobb-Douglas production functions.
 

Determinants of resource use include predetermined variables, such as
 

previous-year input prices, real estate tax rates, and variables that
 

were processed in the pre-input section or were assigned values from the
 

previous-year iteration of the simulation model. The feed grain acreage 

estimate (generated a few equations back in the pre-input section) appears 

in the seed and labor equations. The average stock of machinery estimate 

aids in calculating labor usage, machinery interest and depreciation 

expense, and fuel, oil, and repairs expenses. The value of land estimates 

appears in the real estate and real estate tax equations, while the stock 

of physical assets estimate is used in the fertilizer and miscellaneous 

expense relations. 

Output equations: The final submodel section directly or indirectly
 

uses all the information generated in the previous two sections. The 

input estimates, which are partially dependent on the simulated values 

for pre-input variables, are funneled into the appropriate feed grain
 

production function. The resulting production estimate, along with carry­

in and imports, determines feed grain supply. The level of supply measured
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against previous-year simulated commercial and export 
demand is used as
 

The feed grain price estimate and
feed grain price.
a determinant of 


of livestock production
other vari;ables, including the simulated level 


livestock submodel, dctermine the current-year disposition
units fiom the 


income as

The finai eqwation estimates feed grain gross

of iced grai:. 

and paymenLS. 
a function of cu rent-year production, price, government 

is used for the remaainint, commodity sub-
A similar simulation procedure 

models.
 

model validation 

a simulation

Fcr use in evaluating policies, predicted equations in 


be reasonably valid representations of the real system.
model must 


structural and rehavioral relationships in the model

To be vnlid, the 


to estimate

shoulid be theoreci callly 	acceptable, and the procedures used 


should consistent statistical theory.

scrucriural cefficienLS ne with 


the model should predict the behavior of the real system with
 Fina lly, 


reasonable "ccuracy -21, 22].
 

As in a l LconoMeLric models, many theoretically acceptable 
speci­

fictions a.re possible for each component relation. Economic theory,
 

the agricultural sector, and specifications used
 
a priori ko.awledge of 

set of potential explanatoryco suggest tne
in related reseach were used 


Several model formulations were
 
variables for each dependent variable. 

tried before selecting the final model specification. Procedures used to 

varying degrees of currelati.on
estimate structural coefficients aWiow 

among SUMCessive within-equation disturbances and among between-equation 

disturbances. 

http:currelati.on
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Historical verification is used to indicate the model's overall
 

predictive ability. In the validation run (simulation 1) the estimated 

model is simulated with no changes in parameter estimtes or exogtenous 

data to test the model's ability to predict actual variable levels of 

the agricultural sector between 1932 and 1967. As a measure of corre­

spondence between simulated and actual values, Theil coefficients '27­

are calc"Ulated for each of the submodel dependent variables. The Theil 

coefficient is defined as:
 

p )2_(At
t t
 
U=(A -AAl)2
t 


Z(At At-1l 

where the actual observation at time t is denoted by A t and the predicted 

value at time t is Pt" Table 9 contains the calculated Theil coefficients 

for selected variables in the commodity submodels. Tables 10 through 16 

present average levels for 1932-39, 1940-49, 1950-58, and 1959-67 of actual 

afnd estimated values from the validation run (denoted as SI I) for selected
 

variables. Since estimated variable levels are summed across commodities,
 

scatter diagrams were constructed for the aggregated variables to indicate
 

the overall performance of the model (figure 2).1 On the basis of the
 

Theil coefficients and the scatter diagrams, it was concluded that the model
 

reproduces historical data with sufficient accuracy to permit using the
 

model to conduct simulation experiments.
 

1Actual variable levels are used for non-model commodities.
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T;Ible 9. Calculated Tieil-u coefficients for selected variables. 

Live- Feed
 

stock grains Whea't Soybeans Cotton Tobacco

Category 


Acres -- .85 .77 1.41 .84 .72 

Liveslock purchases 1.38 -- -- -- --

Ending calendar year 
commodity stocks 

Machinery purchases 
1.25 
.83 

.81 

.74 
1.12 
.84 

.80 
1.55 

.87 

.71 
.69 
.82 

Ending calendar year 
machinery stocks 

Price of land 
1.13 

--
.81 
.90 

1.12 
.83 

1.19 
.97 

.81 
1.86 

.96 
1.02 

Value of land .68 .82 .81 1.23 1.13 1.02 

Stock of physical 
assets .75 .88 .86 1.19 1.11 1.03 

Livestock feed 1.30 --.-- ---.. 

Fertilizer and lime -- .47 .80 3.65 1.50 .94 

Seed -- 1.38 .76 1.54 .97 --

Labor 1.27 .82 .75 1.85 .73 .73 

Machinery 
Real estate 

1.14 
.70 

.87 

.75 
1.09 

.80 
1.20 
1.20 

.85 
1.07 

.90 

.94 

Fuel, oil, repairs 1.11 1.55 .79 1.02 .78 1.06 

Miscellaneous .70 .78 .80 .69 .98 1.13 
Interest on ending 

calendar year 
commodity stock 1.41 .78 1.06 .78 .80 .70 

Real estate taxes .55 .82 .96 1.21 .96 .82 

Nonlabor expenses 1.08 .72 .80 1.18 .99 .97 

Production -- .68 .76 1.03 .87 .71 

Livestock production 
units 1.41 -- -- -- -- --

Supply -- 1.79 1.29 1.33 2.25 1.42 

Livestock marketings 1.28 -- -- -- --

Price 1,25 .78 1.17 .75 .85 .86 

Commercial demand -- 1.00 .83 1.16 1.54 .80 

(;overnmcnt inventory -- 3.41 1.30 -- 1.55 --

Commercial inventory -- .90 1.04 1.04 .89 1.30 

Exports -- 2.12 1.31 .70 .79 .90 

Gross income 1.19 1.10 .83 1.31 .93 .98 

aThe Thei]-u coefficient is defined as the sum of squared deviations of the
 

avctual and simulated values in the current year divided by the sum of the squared 
deviations of current and previous year actual observations.
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rABLE 14. 	 AVERAGE LEVELS OF SELECTED COTTON VARIABLES FOR ACTUAL AND SIMULATIONS 1
 
THROUGH 8;, 1932-39, 1940-49, 1950-58, 1959-67
 

YEARS ---------ACTUAL SIM -1 "SIMN 2--SIW 3- SIM L-4-SIM--5 SIM S M -TSI78!
''" 	 I .... 

ACRES (MILLION ACRES)
 
1932-39 30.9 30.2 31.3 30.4 30.2 30.2 30.2 30.2 30.1 
1940-49 22.4 24.7 26.2 24.9 24.9 25.1 25.3 24.8 24.6 
1950-58 20.6 19.3 22.4 19.4 19.6 20.1 20.3 19.4 19.2 
1959-67 14.3 13.4 18.7 13.5 14.0 14.7 15.1 13.5 13.3 

STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARSI 
1932-39 5717.6 5508.7 5042.2 5727.0 5500.3 5508.7 5500.3 5600.8 541 .2 
1940-49 4581.4 5579.5 4540.8 5775.2 5795.5 5957.9 6111.3 5778.0 53E6.4 
1950-58 5882.0 6613.1 6264.3 6704.4 6926.4 7306.9 7455.6 6834.5 6398.5 
1959-67 6128.9 5029.7 61f0.3 5089.3 5488.0 5733.5 5750.2 5163.5 4900.5 

FERTILIZER EXPENSE (MILLION 1;47- 4 9 DOLLARS) 
1932-39 59.3 51.6 42.8 31.9 52.6 51.6 52.t 53.1 50.1 
1940-49 72.9 93.4 76.8 71.0 56.5 100.0 62.0 16.8 90.0 
1950-58 138.6 156.5 145.3 135.8 83.6 168.8 93.2 160.8 152.2 
1959-67 180.9 143.6 164.1 126.2 36.6 157.1 42.1 146.3 141.1 

SEED EXPENSE (MILLION 1947-49 DOLLAASI 

1932-39 1 70.9 68.7 70.7 68.2 69.1 68.7 69.1 68.8 68.6 
1940-49 41.1 48.2 52.9 47.4 . 53.1 49.2 54.0 48,5 48.0 
1950-58 36.4 35.7 12.6 34.5 41.4 37.6 43.2 36:1 35.4 
1959-67 1 27.6 23.1 36.5 22.2 26.4 26.3 29.2 23.3 22.8 

LABOR REQUIREMENTS (MILLIClI AN-HOUPSI 
1932-39 2857.6 2854.6 2952.9 2889.2 2856.9 2P54.6 2856.9 2855.4 2853.8 
1940-49 1972.5 2CE4.2 2222.9 2103.4 2101.8 2081.3 2121.1 2064.8 2063.5 
1950-58 1276.3 1206.1 1499.3 1241.8 1231.6 1240.7 1270.9 1203.9 1207.9 
1059-67 1 605.2 602.4 1028.5 642.6 615.0 677.2 695.9 601.3 603.2 

PACHINERY LXPENSE IMILLION 1947-4, DOLLAKS) 

1932-39 76.9 78.7 73.7 73.3 78.0 78.7 78.0 79.4 78.1 
1940-41; 
1950-58 I 

20.6 
135.9 

S7.7 
133.0 

84.3 
112.4 

91.0 
124.9 

01.2 
131.8 

100.9 
139.1 

93.7 
135.9 

99.7 
136.2 

95.8 
129.9 

1959-67 1 100.5 88.4 76.6 79.1 97.6 94.3 96.8 91,0 85.9 

REAL ESTATE EXPENSE (MILLION 1947-49 DOLLARS) 
1932-3q 
1940-49 

263.3 
213.5 

253.3 
255.5 

2P1.0 
206.8 

265.1 
266,1 

253.0 
267.5 

253.3 
273.2 

253.0 
i82. 2 

257.8 
265.1 

248.9 
246.2 

1950-5 1 264.7 300.7 287.0 306.8 315.9 333.0 340.7 311.4 290.4 
1959-67 277.5 229.4 288.0 234.1 249.3 261.2 261.2 235.8 223.2 

FUEL, OIL AND REPAIRS EXPENSE ((ILLION 1941'-4Q DOLLARS) 
1032-!9 77.7 SC,8 84.0 47.9 86.7 99.8 86.7 90.6 89.1 
1940-49 1 156.4 147.0 131.0 107.2 76.0 150.7 78.9 149.4 144.7 
1950-8 190.2 193.0 168.1 154.8 96.1 200.4 101.0 196.9 1b9.3 
1959-67 148.0 136.5 122.2 99.4 26.7 143.6 27.3 13Q.6 133.5 

1932-39 214.3 
MISCELLANEOUS EXPENSE 

209.3 197.9 190.2 
(MILLION 1947-49 DOLLARS) 
210,7 209.3 210.7 212.5 206.1 

1940-49 1 201.6 231.3 194.9 211.7 238.6 244.6 245.7 238,3 224.5 
1950-58 1 256.7 289.4 277.2 268.3 278.6 313.7 297.1 297.2 281.9 
1959-67 297.7 255.0 294.6 236.6 210.7 279.7 219.9 259.7 250.5 

INTEREST ON STOCKS (MILLION 1q47-49 DOLLARS) 
1932-39 26.3 25.0 25.1 25.3 2!.0 25.0 25.0 24.9 25.0 
1540-49 15.4 20.6 20.4 21.3 20.9 21.3 21.5 20.4 20.7 
1950-58 I 20.3 18.1 19.1 18.4 19.0 19.4 19.9 17.e 18.5 
1959-67 1 20.9 19.6 20.0 20.0 20.9 22.1 22.5 19.3 20.0 

1932-39 52.2 
REAL ESTATE TAX 
50.5 45.9 

EXPENSE 
52.8 

(MILLION 1947-49 DOLLARS) 
50.4 50.5 50.4 51.3 49.6 

1940-49 1 25.3 30.5 25.0 32.0 32.0 32.8 33.9 31.7 29.4 
1950-58 1 29.0 33.6 ?2.1 34.3 35.4 37.3 38.2 34.8 32.4 
1959-67 1 31.8 25.7 B2.7 26.2 28.0 29.5 29.5 26.4 24.9 

PRODUCTION (MILLION BALES) 
1932-39 12.7 12.1 11.4 10.8 12.1 12.1 12.1 12.3 11.9 
1940-49 12.0 12.9 12.1 12.2 12.1 11.5 10.6 13.1 12.7 
1950-58 1 13.4 13.7 14.1 13.3 12.6 10.5 9.5 13.9 13.6 
1959-67 13.4 11.9 14.7 11.4 9.1 6.1 4.4 12.1 11.7 

PRICE (CENTS PER POUNDI 
1932-39 18.07 18.43 8.86 24.56 18.46 18.43 18.46 19.56 17.29 
1940-49 28.69 27.98 8.62 32.42 33.44 37.25 42.69 30.43 25.53 

1950-58 29.45 27.58 e.62 30.14 34.73 47.29 53,47 30.33 24.83 
1959-67 20.61 20.93 e.61 23.63 36.32 51.95 60.e4 23.35 18.51 

l32-39 1 
1940-49 

1300.5 
1987.3 

1289,0 
2074.4 

GROSS INCOME (MILLION 1947-49 DOLLARSI 
658.7 1501.4 1287.4 1289.0 1287.4 
686.5 2252.0 2306.9 2398,2 2560.7 

1378.1 
2274.2 

1202.4 
I879.0 

1950-58 2232.3 2169.3 768.0 22e9.6 2469.7 2752.6 2806.8 2404.6 1939.7 

1959-67 1 1770.3 1579., 7S2.2 1688.3 1966.3 1926,5 1659,9 1761.0 1403.5 
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TABLE 15. AVEPAGE LEVELS OF SELECTED TOBACCO VARIABLES FOR ACTUAL ANO SIMULATIONS 1
 
THROUGH 8;, 1932-39, 1940-49, 1950-58, 1959-67
 

YEARS ACTUAL SIM 1 SIM 2 SIM 3 SIN 4 SIM 5 SIM 6 SIM 7 SIM 

-- -- - - -- - - . - .. - -------.--..------.. .. . . .. .. .. .. --.--......
-- e--------------------- .-- -- ---..
 

ACRES (MILLION ACRES)
 
1932-39 1.6 1.5 1.5 1.6 1.5 1.5 1.5 1.5 1.5 
1940-49 1.6 147 1.4 1.8 1.7 1.7 1.7 1.7 1.6 
1950-58 1.5 1.6 1.1 1.7 1.7 1.6 1.7 1.7 1.5 
1959-67 1.1 1. 0.7 1.1 1.2 1.2 193 1.1 1.0 

STOCK PHYSICAL ASSETS (MILLION 1947-49 DOLLARS) 
193e-39 1677.5 1597.2 1597.2 1599.9 1593.2 1597.2 1593.2 1597.2 1597.2 
1940-49 1855.2 1940.2 1307.2 2112.8 1980.5 2042.7 2032.7 2129.9 1859.2 
1950-58 2293.3 2510.2 1245.0 2608.3 2657.7 2465.6 2614.8 2716.9 2314.2 
1959-67 2428.5 2421.5 1388.2 2493.8 2659.8 2741.1 2985.4 2580.4 2267.1 

FERTILIZER EXPENSE (MILLION 1947-49 DOLLARS) 
1932-39 16.6 16.8 16.8 12.1 17.0 16.8 17.0 16.8 16.8 
1540-49 33.3 34.1 23.1 31.4 26.6 34.8 27.3 36.0 32.3 
1950-58 45.3 47.8 28.0 45.5 36.6 46.8 35.7 50.6 45.1 
1959-67 51.7 50.9 34.7 48.8 34.5 54.0 37.6 53.0 48.8 

LABCR REQUIREMENTS (MILLION MAN-HOURS) 
1932-39 (,!2*1 601.9 601.9 618.8 600.9 c01.9 600.9 601.9 601.9 
1940-49 727.8 751.6 637.9 800.1 762.7 759.b 771.1 790.5 722.8 
1950-58 703.6 756.8 511.0 765.5 802.3 761.0 807.4 793.4 720.0 
1959-67 536.8 504.6 335.9 522.0 555.3 574.5 627.3 529.6 479.5 

MACHINERY EXPENSE (MILLION 1947-49 DOLLARS1 
1932-39 6.6 7.1 7.1 6.5 7.0 7.1 7.0 7.1 7.1 
1940-49 11.1 11.2 9.5 10.2 10.5 11.2 10.5 11.4 10.9 
1950-58 17.2 16.6 11.2 15.7 15.7 16.5 15.6 17.2 15.9 
1959-67 15.3 14.5 9.1 13.5 14.9 14.5 14.8 15.1 14.0 

!132-39 101.4 
REAL ESTATE EXPENSE 

98.9 .9 99.6 
IMILLION 1947-49 DOLLARS) 

98.7 98.9 98.7 98.9 9.9 
I40-49 120.1 125.9 84.6 134.0 125.8 129.1 129.0 134.2 118.1 
1950-58 154.7 163.2 F8.4 169.6 172.7 160.7 170.3 175.3 151.7 
1059-67 157.6 162.2 101.9 167.1 176.4 181o6 196.2 171.4 153.3 

FUEL, OIL AND REPAIRS EXPENSE (MILLION 1947-49 OOLLARS1 
19?2-39 18.3 22.4 22.4 12.0 21.6 22.4 21.6 22.4 22.4 
1940-4Q 5.l1 46.2 39.5 34.8 27.7 46.2 27.7 47.1 45.3 
1950-58 62.6 64.5 43.6 54.2 38.1 64.0 37.7 67.0 62.0 
1959-67 1 57.7 53.7 32.9 43.3 25.4 53.5 25.1 55.9 51.5 

1932-39 I 34.4 
MISCELLANEOUS EXPENSE 
34.6 ?4.6 25.7 

(MILLION 1947-49 DOLLARS) 
34.7 34.6 34.7 34.6 34.6 

1940-49 42.6 45.7 28.5 39.1 45.3 47.0 46.6 49.2 42.4 
1950-58 62.5 66.6 34.7 60.2 62.4 65.4 61.3 71.8 61.6 
1959-67 79.6 78.3 52.3 ?2.7 62.4 86.4 70.6 82.3 74.4 

INTEREST ON STOCKS (MILLION 1947-49 DOLLARS) 
1'r32-3q 15.6 14.3 14.3 14.1 14.3 14.3 14.3 14.3 14.3 
1940-49 14.0 14.1 16.6 13.7 14.0 14.0 14.0 13.9 14.4 
1950-58 9.2 8.6 12.5 8.4 8.2 8.6 8.1 8.3 9.0 
1959-67 8.8 9.2 12.1 9.0 8.7 8.4 7.9 9.0 9.3 

REAL ESTATE TAX EXPENSE (MILLION 1947-49 DOLLARS) 
19?2-39 14.8 14.3 14.3 14.4 14.2 14.3 14.2 14.3 14.3 
1940-49 10.6 11.6 7.1 12.6 11.6 11.9 11.9 12.5 10.8 
1950-58 12.9 14.4 6.1 15.1 15.4 14.1 15.1 15.7 13.1 
1959-67 13.6 13.6 7.1 14.1 15.1 15.7 17.2 14.6 12.6 

1932-39 I 1346.8 1317.5 
PRODUCTION (MILLION POUNDS) 

1317.5 1216.2 1315.0 1317.5 1315.0 1317,5 1317.5 
1940-49 1 1685.0 1703.8 1444.e 1695.0 1638.3 1755.2 1682.5 1753.9 1654.1 
1950-58 1 2076.9 2160.2 1546.7 2156.5 2118.2 2008.9 1976.3 2244.4 2076.3 
1959-67 2044.7 2011.9 1482.1 2005.0 1967.7 1918.6 1859.0 2083.4 1940.2 

19?2-?0 32.49 30.34 
PRICE (CENTS PER POUNOI 

30.34 31.71 30.31 30.34 30.31 30.34 30.34 
1940-49 I 48.34 51.16 21.29 52.82 52.03 51.16 52.10 52.80 49.51 
1950-5b I 45.84 46.88 28.61 47.64 48.75 48.09 49.91 47.93 45.82 
1959-67 1 44.54 4?.05 26.66 43.58 44.91 46.13 48.20 43.88 42.23 

1932-39 I 427.7 '38.9 
GROSS INCOME (MILLION 1947-49 DOLLARSI 

438.9 425.9 437.7 438.9 43.7.7 438.9 438.9 
1940-49 I 850.3 880.0 486.7 902.0 862.4 904.8 886.0 931.4 830.4 
1950-58 I 958.7 1006.2 477.9 1019.9 1024.3 961.6 980.4 1064.9 949.1 
1959-67 I 905.6 869.3 433.8 876.3 885.4 886.6 896.6 913.6 825.9 

---­- -I- - - - - - - - - - - - - - - - -­ - - - - - - - - - - - - - -­ - - -
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Figure 2. Actua.1 values )and sEmpulaion estimates (-) of
 

se01tCed United States inputs and incomes, 1932-1967. 



37
 

0 
o 
0 Fuel,ed and Repairs Miscellaneous Expense,- Oil 

- 0
 

I 0 C0
 

O0 

-o
-1"O - 0.,-0 
-g
 

C) ]-' - -1-

C 

-T 

-4j95- 9301940195 19017 93 9017 

-.3RelEtte0xEpns -­

1930 1940 1950 1960 1970 
-4 1930 IO01940 1950 1960 1970 

I -i 0 ­

,--t0
oI~00 C"rs Ic 

"-' -r r- -

C) Ce Grssncme
0 - Real dusateiTa Expenses 

I - - -4 

0 C
 

CCC)
 

OIC -) 

1930 1940 1950 1960 1970

'-4 1930-.4 1940 1950 1960 1970 ., 

Fu 2Net Iccme
 
Produccion Fxpens3es
 

-4 /
I 
' l | - ' I | I -- '
 

I"' ' l | " l I ' I I ­
0 In 

((p 

ITI 

1930 1940 1950 1960 1970 1930 1940 1950 1960 1970 

Figure 2 continued. 



38 

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' 

proviue post-jr iori indications of the effects of Oi.fferent: levels of 

govertment dl)oic, ndi other variables on resource usu .nd farm income. 

Results w! tMe iWisLoricaL simuiations are also useful in evaluating the 

likely consequences of Tmpleymenuing new government policies in the future. 

The results from seventeen simulation runs are reported. The first 

simul atiou, "r va lidation run, was briefly discussed i n the previous 

sect ion. Tie results from the other simulations are presented here. 

Cond ions simulabted include: (a) the removal of government price and 

inco.i: ,uiport programs, (h) incren se6 in input prices, (c) restrictions 

on production elasticities, (d) vcorintions in commodity support prices, 

and (e) l imi Ltions On ac reacgs. ine variable levels generated in e:nch 

Of th simulation models will be compared to variable level estimates of 

iea ratner data.th V', id v run ta.U to actual To conserve space, the 

results wiKI be reprrted and discussed for averages of at least eight 

ye rs. 

Free market si:'uli t: ion 2) 

'io se. now. ap,,riculture would iave fared under free nmrket conditions, 

all governme nit policy variables are set to zero in simulation 2. The 

estimated results, assuming no 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 increase in crop acreage and production. As these addition­

al supplies reach the market, crop prices decline. Inelastic demands
 

cause prices to drop by a larger percentage than supplies increase result­

ing in lower gross incomes. Faced with lower prices and incomes, farmers
 

begin to reduce production. Simulation results indicate this reduced pro­

duction is not accomplished by taking land out of produccicn, 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 important role. Typically, th level of resources used by farmers is
 

eacn
not the quantity that sets the value of the marginal product for 


reasons for this less-than-effi­resource equal to its price. Wnile tao 


cient 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 government programs decrease
 

1
 

internally generated capital and erode farmers' borrowing base. 'iis 

I 
The model was moifried slightly to a jow the utilization of "eedhack' 

informat ion on gross income levels to a id in determining Land prices. Tihe 

land prices ,,encrLe> i siL:ulaun i ,rt used as bsedt o cal cn],Uto iand 

prices in tiO Ot ncr Siaia it[on Malclis. Tle simuiat ia I current-,,r price of 

land estiLmace for eoch crop is adjustcd by a proportion of the differencc, 

between hWe simulation I estimn tc of the crop's gross income Ps.. Ii,e i-ur the 

previous year and the comparable gross income esLinmte in LN H.SiMUai i nder 

consideration. To obtain the proportions, the price of land tor uc crop 
cont inued 
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resources
tightening of capital constraints reduces the quantity of 

Farmers rely more on the nonpurchased inputs, such
farmers can afford. 


as land and labor, a&g ess on fertilizer, pesticides, and more efficient
 

machines in their production activities.
 

Even though production for most crops declines with the removal of 

(after the second or third year), supplies are largergovernment programs 

prices that existed when the government pro­than will clear the market at 

incomes throughoutgrams were in operation. These lower prices depress 

assumed removal of acreage diversionsthe i032-67 period of analysis. Tne 

and cottonand allotments causes acreage increases for feed grains, wheat, 

to more than offset reductionsduring the Last period of onalysis, 1958-67, 

input use per acre. The resulting increases in supplies further depressin 

prices and gross incomes during the 1956-67 period. 

In contrast to the other crops, soybean production estimates in the 

free market model are above the validation run levels throughout the entire 

prices for feed grains are translated into increased1932-67 period. Lower 

soybean acreages via the soybean acreage fune . Over the 1932-67 period, 

the soybean production estimate is 6.4 percent higher, but the soybean 

acreage estimate is 35.5 percent above simulation I results. Less pro­

soybean production in addition toductive land would likely be drawn into 


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

inued from page 39: was regressed on the one-year lag oftootnotl !cont 
pet i' urc 's 4rnss income variable using observed data from 1930-67.the rc 

with the lagged gross income variablesThe cc, C ten esti e a ssociated 

for each nthe crops became the proportions. The estimated coefficients
 

.024 for
 on the iakgee iros s income variables were: .054 for feed grains, 


wheat, .074 ior soybeans, .018 for cotton, and .083 for tobacco.
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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 higher than the validation run for the 1932-67 period, while the 

index of livestock prices declines 8.0 percent.
 

Crop price estimantes 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. Gross income estimates for feed grains during the 1932­

67 period declined 26.9 percent from the simulation I level. Cotton and 

tobacco gross income estimates show the largest percentage drop at 59.6 

and 43.2 percent, respectively, Naricraliy, tutal gross farm income 

estimates average $3.7 billion lower than the simulation 1 results during 

the 1932-67 period ($275 billion and P23.8 billion for simulaLions I 

and 2, resppctively). Since total production expenses do not drop p)ro­

portionally, annual net income estimates decline by nearly one-third from 

$10.6 billion to $7.3 billion on the average for the 1932-,7 period.
 

National estimates for all of the resource-use categories are lower
 

except for seed and labor. Estimated 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, 

oil, and repairs expense, miscellaneous expense, interest on crop and 

livestock stocks, and real estate Lax estimates range from 3.6 to 2.5 

percent &iW simulation i results. The high complementary relationship 

between seed expense and crop acreages causes the seed expense estiimates 

in the free market model to be above the v,-lidatiori run results. 

M.any proponents of returning agriculture to free market conditions 

contend that government programs have slowed the outmigration of farm 

labor to nonfarm employment and thus hindered needed resource adjustments. 

The resullts of this study indicate, however, that the outflow of labor 

from agriculture is larger with the historic farm programs in operation 

than would have occurred under free markets. The apparent reason for 

this rather surprising resaIt revolves around capital limitations and 

other manifestarions of uncertainty typically found in agriculture. 

ApparentIv, incr, sed icome and hiigher and more stable prices resulting 

from ,overnment programs have provided the capital and security efficient 

farmers have needed to substicuue ma chines and other highly productive 

ca pital input s for Wueir own and hired lahor (12, 31). To realize 

economies of scale associated with larger machinery, these farmers have 

exp"nded 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 agriculture. Simulation results suggest that this shift from labor to 

capital intensive techniques would have occurred without government pro­

grams but at a slightly slower pace. 

Changes in input prices and production elasticities 

Modern agriculture has been transformed from labor to aa capital 

intensive industry. Changes in the relative prices of labor and capital, 

technical development of capital icems, increases in adoption rates, and 

possibly security provided y farm programs have caused farmers to use 

more capital and less labor in agricularal production. The decline in 

the real price of many capital inputs for agriculture has resulted from 

technological improvement and competition in virms and industries that 

produce these inputs. 

In simulation 3 through 6, input prices and input production elastic­

ities are altered from their observed values. information on the influen: 

of input prices and productivities on resource use, commodity prices, and 

incomes is very useful. Surpluses and low returns in agriculture have
 

occurred because the productivity of resources used by producers has 

f icreased and the quantity of these resources used is large relative to 

the demand for agricultural products.
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to reduce the quantity of resources
One method of reducing output is 


Acreage allotments and diversions
devoted to agricultural production. 


been used to reduce the land input. But output does not decline in
have 

proport ion to land withdrawn. farmers usually take their less productive 

the capital and labor formerlyland out of. production. More importantly, 

used on the idled land is transferred to the remaining crop acres. 

ide farmers idling provides farmersFurthermore, payments to for land 

with the wherewithal to bay more capital inputs. The result of these 

the larger amounts of capital inputs to thefactors is thac farmers apply 

nonidled land, causing the anticipated output reduction from the idled 

land to be offset by greater Output from the remaining land. 

of inputs has centered on land since land withdrawals areControl 

relatively easy to police. While agricultural programs could be directed 

and labor used, quota systems onat reducing the quantities of capital 

these inputs would be difficult to enforce. Reductions in the use of 

capital inputs could be accomplished indirectly by raising input prices. 

The government could levy taxes o" rue producers of capital inputs which 

would he passed along to farmers in the form of higher prices. Higher 

input prices would encourage the use of less capital inputs, thereby 

incomes, and resourcereducing production and increasing commodity prices, 


returns.
 

also be slowed by reducing investments in
(hIp)it increases could 

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 increases) and
 

improving income have very serious drawbacks. P .n conflict with the
 

natural forces of economic growth. Agricultural policy should facilitate, 

not retard, long-run adjustments in the optimal mix of national resources 

used in farm and nonfarm sectors as well as encourage least cos resource 

use within the farm sector. Artificial increases in inpuu prices and 

limits on technological progress are at odds with accepted national goals 

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 government 

agencies, most of these activities are now in the hands of private industry. 

But the fact remains chat 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 base generated within public 

institutions and agencies. 

Technoiogical progress influences the marginal physical productivities 

of farm inputs and hence the position and shape of agricultural production 

functions. For information purposes, simulation runs are made that assume 

the crop production functions derived for the 1932-39 period in this study 

had remained in use through 1967. The results of these simulations are 

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

sector are discussed.
 

_npu.p prices increased by 10 percent (simulation 3): In this 

simulation a ]. inpit prices that aid in determining the input demand 

levels ;re increaised by 10 percent. Input prices used in the model are: 

price of machinery, price of fertilizer, price of motor supplies, price 

of farm supplies, and the prices of wheat and cotton seed. All prices 

are defl]ted by the implicit Cross National Product deflator and are in 

index form (1947-49 = 100). The price of farm supplies is employed in 

each o! the conmodity miscellaneous expense 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 ill each of the crop fertilizer demand functions with the exception 

of soybeans. Oaly the tobacco and cotton machinery purchases equations 

contain the price of imchinery, 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 

S111 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 from their respective simulation I
 

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, oil, arid 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 6 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. T e price 

of feed grains increases from $33.19 per ton in simulation I 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 bui,.-i. 

Lower livestock production resulcing from the increased feed grain prices 

causes the index of livestock prices to increase from 62.4 in simulation 

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 million 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 I and $30,963.5 million in this simulation). Total net farm 

income increased from $9.8 to ,10.5 billion or 7 percent. 

Table i7 shows three price elasticity estimates for fertilizer, 

fuel, oil, 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 estimates are derived from the econometric equations presented 

earlier. For example, the feed grain fertilizer elasticity with respect 

to price is c llculated 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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Estimated static, long-run and model elasticities of demand
Table 17. 

with respect to price for fertilizer and lime, fuel, oil and
 

selected commoditiesa 
re, airs and miscellaneous inputs for 

Feed 
Livestock grains Wheat Soybeans Cotton Tobacco 

Fertilizer and lime b - - b -1.03-1.17 

Static b 2 -b -

Long-run 
Model --

b 2.27 
-1.79 

-2.36 
-1.78 

b 
--

-2.17 
-1.79 - .76 

Fuel, oil, 
Static 

repairs 
- .52 --

b 
1.46 

b 
-­ b -1.91 -. 57 

Long-run 
Model 

-2.49 
-2.18 --

b .. 
-1.23 

.. b 
-

-2.12 
-2.74 

-­

-2.25 

Miscellaneous 
Static 

Long-run 

Model 

- .68 
- .82 

- .85 

- 72 
-1.03 

-1.01 

-1.05 
-1.39 

-1.17 

- .47 
-1.24 

-1.08 

-1.02 
--. 

- .79 

-1.63 

-1.20 

aThe static and long-run elasticities are computed from the econo­

"model- elasticity"metric equations at the 1930-67 variable means. The 
in which input prices wereestimates are based on Simulation 3 results 

increased by 10 percent.
 

)InpuL price did :to, ap-pea in the econometric equation (of course, 
contain a fertilizer and lime equation).the livestock model did not 

CLong-run elasticity estimate could not be computed because the 

did not appear in the econometric equation.
lagged input demand variable 
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input demand elasticities can be calculated from econometric equations
 

that contain the lagged dependent variable as well as the input's price 

as explianatory va riables. Subtractig the coefficienr estimate of the 

lK.gged dependent variable from 1.0 gives the adjustment rate; that is, 

the proportion o! the adjustment in input demanc in response to a price 

change that occurs in one year. Dividing the static input demand elas­

ticity by the adjustment rate yields the full or long-run response of 

input demand to a change in input price. 

The results from 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 ,Also includes reedback influences 

on input demand resulting from changes in output price. The st:.Lic and 

long-run elasticity estimates assume constant outpuL price. in reality, 

output price will likely change. A reduction in the usage of a highly 

productive input, such as fertilizei, resulting from an increase in 

(fert il izer) price, lowers output, Rhe lower output level s;timuiates the 

avera pe price re.e \'Ued ,by farmers and, with inelastic demand, gross 

income inLroeasues. The hi6gher output price and the lifting of capiual 

restraints, made )ossible from higher incomes, tend to increase input 

demand somewhat in succeeding years. hence, the feedback influence of
 

higher output price and incomes on input demand is allowed 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 somewhat by the assumed charges in other input 

prices. We would rather ieCOp other input prices constant and measure 

the direct and indirect elfects cf a change in the price of a particular 

input on tMe usage of Lht input. in the interesi of ecunom'v and brevity, 

simulation 3 resu!ts are used. The response e:stimates are also biased 

soqwhan because of the indirect influence that commodity price and 

incomes exert on input demands. Cormoaity price (lagged one year) enters 

the model primarily via the acreage function. The level of gross income 

(lagged one year) influences the level of machinery purchases and land 

prices. Estimates of machinery purchases are used to estimate m' chinery 

stock levels. The acreage and land price estimates are employed 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 

comnmodity stocks and the value of land' are the variabies 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 through the stock of machinery and physical asset variables. 

The results in table 17 incicate that when the influence of commodity 

prices and incomes are taken iro 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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aet 1932-39 levei Iimulac-on inTnput -ricesat ( S..e I: this 

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

The inpuL prices tibeit were inc :scd ay j0 percent in the last model are 

held ' e9,r ltag this simulation. rea 1 pricesat 932-39 evels in ]'he 

C.: oeciie period,of: Curt flpt ,.u~ttially over the 1932-J7 

C uppies 

the most sTri i T1.e 1932-39 average of the index of fertilizer prices 

(1947-4} 100), d4ilated y Ihe iplicit GNP deflator, was 129.2 while in 

1967 the index sL d at 70. b. The 1932-39 average price indexes for motor 

Suppi ir.i f ,r supplies were 134.6 aid 107.6, respectively, while in 

G uC t: i "k)is inl 7) cesCt'SG 'ilizer, o:-C: s' , .'ad farm supplies are 

1.967 these pr-ices ld dropped co .' and 77.4. The deflated index of 

tiuchijier: jpicVS inlcreased from the 1932-39 average of 114.3 to 1.28.3 in 

19o7. .%l2czt and coi Lon seed price indexes increased from their 1932-39 

averar us of 62.2 and 56.2 until the late 1940s or early 1950s and then 

declinUd t ,2i2.6 and 88.C, respectively, in 1967. 

Siti iltion 4 investigaLes the impacts on agricultural resources, 

pr-oduct. .on one Lncoes, =:s in:; that t.c historical increases in capital 

productivi. y l,,d occur-red but selfctcd input prices had reniined at their 

'32-39 a rage leve . Tables 10 through -6 conta:in the period averages 

for 1932-39, 1940-49, 1950-58, and 1959-67 of simulation 4 results under 

column heading SIN 4. 

With the index of fertilizer prices held at its 1.932-39 average, the 

quantity of ferLilizer and lime demanded is substantially lower, Feed 

grain fertilizer and lime estimates drop by over one-thirc for the 1940-49 
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and 1959-67 periods and by nearly one-half during 1950-58. J.,hieat 

fertilizer and lime levels are one-half the simulation I estimates for 

each of the three periods. During the 1959-67 period, cotton fertilizer 

and lime estimates average 74 percent below simulation I results. The 

United States fertilizer and liMe demand estirIte for 1959-07 is down 

by 33 percent from the validation run esi ate. 

Fuel, oil, and repairs expense and miscellaneous expense estimates 

after 1.940 are also considerably below ;imulation I estimates for certain 

commodities. For example, the level of wheat fuel, oil, and repairs 

expense declines by 38 percent during the 1959-67 period and wheat 

miscellaneous expense decreases by 17 percent. United States estimates 

are 19 percent lower for f .1, oil, and repairs expense and 13 percent 

lower for miscellaneous expense for the 1959-67 period as compared to 

simulation I results. 

The redactions in use of these nighly productive inputs reduces 

production for all crops during the last three periods. For 1959-67, 

feed grain production drops from 148.7 million tons in the validation run 

to 133.7 million tons or a cecrease of l0 percent. heat production is 

11 percent lower, soybean production is down 4 purcent, and cotton 

production drops 24 percent for the last period of analysis. 

Prices and gross 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 pec'ent, and 74 and 24 percent, respectively. 
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reduce the number of livestock productionThe higher feeo grain prices 

pricesunits by I percent for the 1959-o7 period. The index of livestock 

increa ses by 3.7 percent and livestoc gross income increases by .322 

mill iin above the simulation i estirnite ror that period. 

For tie nation, the declive in usage of operating inputs reduces total 

Total farm gross incomefan iroduction costs by 8 percent.uing J959-67. 

increases by 4 percent and net farm income jumps from $9.8 billion to $12.7 

b i lion. 

suggest input could manipttlitedSimulation results that prices be as 

a means of reducing resource commitments in agriculture and, hence, as a 

means of decreasing outputs and increasin~g incoanes. however, adjusting 

resource iis, ti,rough restricti.ng ,,p ial input. prices conflicts with 

economic ufficiencv consiaurat ions. Adjustments in resource use should 

encourage the displacement of resoirces tna: have a higher value marginal 

product in a.iternative uses .29 . kestrictions on prices of capitLi 

operating inputs causes the input mix to include less of the highly pro­

ductiv , opc-,a'tin inputs and more l:taor. -ut it is the labor input that 

has the high value mnrginai product ouitside agriculture relative to its 

v;,uei at t-he margin in agr,.cuiture. 

input prodct ion e's,,sci es at their 1932-39 average level (simula tion 

5): In the last model (simulatien 4), input prices were fixed at their 

1932-39 level. in this simuiition, historic trends in input prices are 

unaltered, but input )roduction elasticities are held at their 1932-39 

level.. Hence, input demand levels generated in the simulation model are
 

http:restricti.ng


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 model used in simulations i and J are identical through 1939, 

the va:':-e levels gencrited for te.se simnulations are the same for the 

1932--29 period. Production, prtce, and gross income estimaLes deviate 

sbstoitaiLly From sirm",tion i resuLLs f'r Am*remaining periods, 1940­

49, 1950-5b, and 1959-67. ouring th. i959-6Y period, feed grain production 

is lower by 50 mil ion Luns or by one-tiird than t., simulnLion 1 estimate, 

cotton product ion is 50 percent lower, aoidsoybean pr auction declines by 

one-third. 

These sharp declines in production push output prices to very higlh 

levels. 'The 1959-67 average price of feed grains in this simulation is 

$55.oo per Lon compared to $33,19 per ton in simulation L. Simulation 5 

and simuiation I prices for whceit, s,,vbeans, and cotton during the i59-67 

period are: S1 .72 and $1.35 per bushel, $3.02 and .1.84 per bushel, and 

$.52 ond $.21 per' pound, 'espectivelv. 

With inela.t1 i demand, the i pyioi cause gross incomesprices to 

incre'se, lor 1459-67, feed r.in Lnd wheat vross incomes increase 3 and 

8 percent, respectively, nd sovbean and cotton gross incomes are up 1L 

and 22 porcent, respectivel'. 

Differences in tLhe estimates of resources used in production in this 

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

the estimated levels of capital inputs used in agriculture are nearly the 

http:inela.t1
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same as in simulation 1. It should be remembered that the data used to 

estimate the input equations were observed in an environment in which input 

productivities were changing. No adjustmencs were made in the structural 

the absence of thesecoefficients of to input ejuntions to reflect 

changes in input productivities. 

the feed grain productionR<eslits from this simulation imply that had 

functions, employed in the hirties, remained in use through the late 

the same capital inputs would havesixties, 4 percent more land and about 

needed to a less output during 1959-67 period.been produce third the 

have enabled agriculture to provide ampleTechnological advancements 

quantities of food and fiber at relatively lon, prices. Had no technolo­

place since 1940, Whe demand for agriculturalgical improvements taken 

output would have shifted to the ri:.t at a faster pace than supply. Due 

to higher prices, inelastic demand and slightly lower production costs, 

total net farm income during 1959-67 would have been one-fifth larger 

(from $9.8 billion to $11.8 bilLion). Higher prices and incomes would have 

the consuming public. Thebeen achieved for farmers but aM the expense of 

"problem" would then not: be (as it is now) how a griculture can share in the 

benefits from advanced ecinology in agricultural production, but rather 

how the general public, especially the poor, could be helped to secure a 

of food and fiber. Even though the time trends andsufficient quantity 

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): In simulation 4, input prices were assumed to 

have been at their average 1932-39 levels throughout the observation 

period. The last simulation held the input production elasticity esti­

mates used in each crop's productior function at their 1932-39 levels. 

In this simu tation both input prices and input p)roduc iol elisticities 

for each crop are fixed aL their 1932-39 average levels. 

!he changes in variable levels in this simulation as compared to 

simulation 1 results are to a large extent cxaggerations of the changes 

in variable levels observed in the last two simulations. Production 

estimates are lower and price and income estimates are highe r than 

simulation 5 results in which 1932-39 production functions were used but 

historic input prices were kept. Similarly, total levels of resource use 

measured in constant dollars are less than in simulation 4 with input 

productivities unaltered but 1932-39 prices assumed throughout. The 

resulting total farm net income estimates are the highest for any 

simulation model run. During the 1959-67 period, net farm income is up 

one-third from the simul<ation I estiamte (9.8 billion for simulation 

and $13.3 billion for this simulation). 

Changes in price support Leveis 

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. 

i 
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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 "good'' 

the nrier in years in which production is shortyears to be put back on 

relative to demand. Price supports then tend to stabilize prices, based 

on average-weater crop levels. 

The level of price suIports can also be used to raise or lower the 

general level of farm prices. Raising crop prices by setting loan rates 

Farmersconsiderably higher than market prices is not without a cost. 


increase production, government stocks accumulate, and treasury costs mount 

accordingly. Furthermore, as the simulation results presented in the 

follawing sections suggesL, tn output-increasing effect of higher support
 

prices moderates the intended increases in average market prices. Hence,
 

a given percentage increase in support prices raises the average price 

received b; farmers by a smaller percentage. The higher prices and 

producL on ieV. s rusulLInk fIrom increased price supports increase gross 

receipLs, but by a much snm ler 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. Mhe 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 years.
 

Ten percent increase i: pr[ce supports (simuiation 7): The estimated 

levels of selected variables, assuming; tnat the price support rates for 

corn, wheat, soybeans, cotton, and tobacco are increased by 10 percent 

throughout the 1932-67 perIod, are reported in tables 10 through 16 under 

column heading SIM 7. 

Estimated total farm 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 10,577.7 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, with slight 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 for wheot, 

$1].7 million for soybeans, $179.6 million for cotton, $40.0 million for 

tobacco, and $36.1 million for livestock. Government inventories, while 

not tables, increase 26 percent for feed grains and cotton and 16 percent 

for wheat over the observation period, 
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Higher commodity prices and incomes increase (with a lag) the levl 

of input usage only slightly. Fertilizer and lime expenditures increase 

only one-half 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 i.8 percent, but feed grain and wheat fertilizer demands 

are less than I percent higher. The estimate of fertilizer and lime usage 

for soybeans is down from simulation 1 results. The higher feed grain 

prices caused the model to predict N decline in soybean acreages over the 

36-year period. Estimates 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 machinery fixed costs; real estate 

expense; fuel, oil, and repairs 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 all price supports (simulation 8): The 

results from simulation 8, 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 I estimates, the national 

variable estimates for simulation 8 are, for the most part, mirror images 

of simulation 7 results. Resource use, production, prices, and incomes for 

simulation 7 and S 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 I estimates for the 1932-67 period. 

United States resource expenditure estiatei for the 36-year period 

average Less than I percent lower for all input categories except seed, 

which remains nearly constant. 

Commodity prices and inccnes are lower with a 10 percent reduction 

in support prices. ',he average deciine in prices over the i932-67 period 

are: 3.8 percLnt for feed grains, 2.6 percent for whIat, 2.1 percent for 

soybeans, 9.3 percent for COtton , 2.1 p,-rccnt for tobacco, and .7 percent 

for livestock. During this period, gross income estiumates were down by 

$32 million for feed grains, $51 million for wheat, $12 million for soy­

beans, $1.74 million for cotton, $38 milion for tobacco, and R38 million 

for '-ivestock. 

Corn SUppOrt ;)rices 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 are decrezised bv 10 percent. Model estinates for 

simulations 9 and 10 are reported in tables 10 through 1.3 and table L6 

under coiuran headings SIM 9 and SL 016. 

With corn support prices 10 percent higher, the feed grain price 

estimate averages 3.1 percenc iiigher than the validation run for the 36­

year period. Feed grain gross income increases by $30 million. 

Input usage increases for all feed grain input categories. During 

the 1932-67 perio i, simulation 9 estimates for fertilizer and lime, real 

estate, miscellaneous, and real estate tax expenditures are about 1.9 

percent above simulation I estimates. Estimates for the other input 
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seed man-hours of labor, nachinery fixed
categories, including expense, 

stock, are up less thaa I percent.
on
and operating expenses, and interest 

The higher input levels increase production by about 1 percent. 

The number of livestock production units declines slightly because 

Livestock prices increase by one­
of the increased price of feed grains. 

of one percent and gross income from livestock sales increases by
half 

$30 million for the 1932-67 period, Wheat used for feed increases by 

thousand.million bushels, 	 Wheat gross income is up !600 

price supports for corn by 10 percent (simulation 10)Decreasing the 

in the
reduces the average of 1932-67 feed grain prices from $40.11 

validation run to $3S.81 or 3.2 percent. The annual average feed grain 

for the 36-year period.gross income estimate drops y $36 million 

Fertilizer an& lime expenditures are 9 million below simulation I 

estimates. Reductions in the other input categories are also observed, 

and toether the lower input levels cause production to decline by 1 

1959-67 period, government inventories drop by over one­percent. For the 


third, Prom 2i..7 Miiion tons in simulation 1 to 13.4 million tons.
 

'The simulation model implicitly contains a supply elasticity for 

each crop. input levels genera ted in the model are influenced by commodity 

prices and incomes. These input estimates are used via production junctions 

hence, we can trace the effects of a crop pricu change
to estimate output. 

input usage. The feed grain supplyon production by way of the changes in 

calculatingelasticity estimates reported in table 18 are derived by first 

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 price for the respective simulations.
 

The average responsiveness of input demands to changes in crop prices is 

estimated similorly. The input demand elasticities with respect to feed 

grain prices reported in table i are calculated by dividing the percent 

change in input levels b: che aercnL cl-nge in feed grain prices. 

Table 18. Esuimaced sup , and c.-0ss inpcU demand elasticities with 
respect to fced gra pric-. implied from results of 

simulations 9 a, itm 

Siu. 9 Sim. 10Category 


Supply elasticity
 
Production 
 .313 .201 

Cross input demand elasticity 
Fertilizer and lime .619 .610 

.257 .260
Seed 


.143 .146
Labor 


.127 .124
Machinery 


.622 .604
Real estate 


.065 .065
Fuel, oil, repairs 


.521 .508
Aiscellaneous 


.616 .598
Real estate taxes 


asticity estimates are calculated by dividing the percent change 

in variabe qt.anticy by -cne percent change in feed gra in price. The 

elasticities measure responsiveness to increases in reed grain prices 
observed in simulation 9 and to decreases in feed grain prices observed 

in simulation 10. 

The supply elasticity of feed grains is calculated 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 supopo Dries chan;:ed by 10 pprcent (simulation 11 and 12): 

The est irteau levels of selected wheat variables, with wheat price 

percent and with wheat price supports decreasedsupports increased by 10 


SiM l and

by 10 percent, arc presented in table 12 under cui umn rneadings 

SIM 12, re-pectively. Changes in livestock, feec grai~n, soybean, and 

variables can be observed for thuse simulations in Tables LO,nation"a 

i , 13, and 16. 

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 bui or aboxt 2.5 percent. Gross income is up S49 million. 

iAchinery purchases increase by 1.5 pecent due to higher incomes. 

about Q2 millionMachinery fixed cost and operrin, expense'. are higher by 

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


upward by S2.5 million and $1 million, respectively.
expenses and LNXes 


Misce.kineous expense increases by 1.2 percent over simulation 1 results
 

for thue 36-year per'iod. Fertilizer, seed, labor, and interest on stocks
 

v vecy little.
estin:.,,S a so increse, buh 

With higher wheatProduction of wheat: increases by 8 million bushels. 

prices, the model estimates reduced feed grain acreages, feed grain input 

levels, and feed grain production. Feed grain prices increase b. one-half 

percent, and feed grain gross income estimates are $2 million
of one 


dollars higher,
 

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


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


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 compared to the validation run. These lower esti.ates set the stage
 

for reductions in machinery and real estate retated expenses. The percen­

tage chauges in the acreage, a;vcainery, and real est:nwe variables are 

nearly the same as in si:=:iLiOn 1i bu. in the oppOsite directions. 

Estimated levels for the o:ne input cauegories ailso 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 whiat price supports, or 57 million tons on the average 

over the 1932-67 period. 

contains estimates of wheat supply elasticity with respectTable 19 


to wheat prices and estimates of cross input demand elasticities based
 

on the results of simulations 1] and 12. 

Soybean 2rico supports cranred Nv 10 percent (simulations 13 and 14): 

Model results from increasing soybean price supports by 10 percent and
 

in tables 10 through 13 anddecrensing them by 10 percent are reported 

table 16 under column headings SIN 13 and SIM 14. 

While a 10 percent increase in supports increased soybean prices 

only 1.5 percent over the 36-year period, so',oean acreages, resource use, 

and production were stimulated proportionally more than price. During the 

seed expense estimates increase by 1.5 percent.1932-67 period, acreage and 

The remaining input categories increase between 2 and 3 percent except the 

which is 10 percent higher. The average annualfertilizer and lime input, 
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Estimated supply and cross input demand elasticities with
Table 19. 

uo wheaz prices implied from results of simulations
respect 


11 and 12''
 

Sir. 	11 Sin. 12

Category 


Supply slascicity
 
.316 .315
Produci ior. 


Cross input dman elascicities
 
.352 
 .354
Fercilizar and lime 
.210 	 .211


Seed 

.040 	 .039
Labor 
.555 	 .565
Machir":y expean-a 

.579 .577
Real 	 estacf eaxpense 
.401 	 .408
Fuel, oi.L, repa :rs 

.486 .485
MiI.;(_elan,oas o pre-se 

.628 .619
Real 	 estate txes 

SMAtes 

in vairble aanLtty by Lue percent change in w]xi 	 price. The
 
whnt prices oserved
 

a ,.itv *sn Le calculated by dividing the percent change
 

el.asL i L s :lea:sure respWnSO.ev.c:s, LuO inclSvS in 


in siiwlation' iU and to dccrnsSes in wheat prices onserved in simulation 12.
 

or aproduction estimate is 7 mil:lion bushels above Lne xi lidacion ran 


more output resuLted in a 3.5
2.1 percent increase. Higher prices anu 


percent 	increase in soybean gross income ($24 million).
 

Simulation 14 results also indicate the apparent responsiveness of
 

soybean acreage and resource use to changes in soyeaa n prices. Assuming
 

a 10 	percent reduction in soybean price supporLs, soybean prices decline 

by 1.5 percent or only three cents per bushel. Again, the cumulative 

effects of this modest but -ustained price decline over the observation
 

period on resource use are substantial. Ferilizer 	and lime expenditures 

are down 11.3 percent on the average. Machinery fixed cost and operating 

expenses ace down over 2.5 percent, and real estate 	expense tax estimates
 

decline 3 percent. The other input estimates 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 inccme increased with 

the higher soybean price support assumption. 

Corn aInd whlen 5,cr rce, caci.,ed nv 10 percenL (sim ,at s 

15 and 16): Prey i olis si;,a t io; odl s Iave as sumed cha ges in the price 

support l.evel s of aiII Tro1(I crops a ad chan ges na price support for corn, 

wheat, and soybeanns separately. In simtila, ion l5, the support prices of 

two crops, corn and wheat, are raised 10 percent; in simulation 16, corn 

and wheat support prices are decreased by 10 percent. The model. Estimates 

for selected feed grain and wheeat varlaiies are presented in tables 11 

and 12. Feedhaci influences from vale changes in the feed grain and 

wheat sectors on livestrock and sovbe.n variable levels are tabulated in 

tables 10 and 13. 

With corn and wheat price supports up i0 percent, feed grain prices 

increase $1.44 per ton above simulation I esti'ic,.es. This 1932-67 period 

average price increase is 20 contLS a- ton 1 iginer Lhanl sirmination 9, in 

which only corn price supports were higher. Higher wheat supports along 

with higher corn support prices tend to dampen the feed grain acreage 

increases that are predicted in simulation 9. Lower feed grain acreage 

estimates and smaller increases in the capital inputs 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 rations than in simulacion 9, the 20 cents per ton increase in feed 

http:esti'ic,.es
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gross income estimates average I
grain price results. The feed grain 

doitars higher during the 1932-67 period than in simulation 9.million 

The wheat variable levels are virtually unchang;ed from the levels 

assumed increase in onlyobserved in si:w.uliation I , which a 10 percent 

wheat sapport prices. 

resource use, and pro-The depressing effects on soybean acreage, 

duction observed in simulation 9 (with only cori! supports increased) are 

of the coefficientalso ,rescnt in this simu'ation. The relative magnitude 

for th,, feud grain price variable in the soybean acreage function makes 

in the feed grai.ntile sovbean sector especially sensitive to c'hanges 

sector. Since the farm mchinery and technolog set S used to produce 

feed ;:ains so,.'aeans similar, farmers iikev devo e more land toand are 

feed grains and less to sovy)eals as feed grain price rises relative to 

soybean price, however, the cross elasticity of soybean acreage-use with 

respect to feed grain price is probably much lower than implied by the 

model iwhich is greater in absolute vaitlue than one). 

corn and wheat- price'tle tablulattea results of simuiation 16, wi til 

decreased by 10 percent, show that feed grain resource-use andsupports 

product ion do not decki-le !n%,as much as when only corn support prices are 

treduced byI percent (simulation 10). While the dilferences are ig" 

the lower wheac prcec s generated in tnhis simula tion mioder;ate the predicted 

reduct ion in feed grain aceages of simulation 10 and, subsequent L the 

estimates are also above thair respective simulation 10resource demand 

levels. Hence, fced grain production is above simulation 10 estimates but
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is about one-half of one percent lower than simulation I 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 estimates. With inelastic feed grain demand, feed grain gross 

income its Al.5 million lower than In Simulation 10 for Lhe 36- ear period. 

Again, the wheat variable estimaves in this simul;acion, With corn 

and wheat supports lower, are substantially the same as the simulation 

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

Feed ,rain acre-ae set at 100.0 million acres and wheat at 50.0 million 
acres (simulation 17) 

In this simulation, feed grain acreages are held at 100.0 million 

acres and wieat acreages are fixed at 50.0 millin acres throughout the 

simulation period. The feed grain acreage assumption represents a 28 

percent reduction in feed grain acreage during the periods 1932-39 and 

1940-49, 25 percent fewer acres during the period 1950-58, and 8 percent 

fewer acres over the 1959-67 period. The assumed 50.0 million acreage 

level for wheaL is also well below average observed wheat. areaes for 

the 1.932-39, 1940-49, and 1950-58 periods (from 16 to 22 percent below). 

The estimates for 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 I estimate 

of 83.0 million tons to 61.9 million tons. For 1950-58, the simulation I 

and simulation 17 feed grain production estimates are 120.1 and 101.4 
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From 1958-60, actual 	feed grain acreages
 million tons, respectively. 


of the feed grainwith adventabout million acres, but the 
were at 130 

were below 108 million acres from 
in 1961, feed grain acreagesprogram 

hence, restrictingLOO million for 1964-66.1967 below1961 to and 

acres reduces the 1959-67 production 
feed gra in acreages to i30.0 miliioi 

than for the other
7 percent, a sma.r 	 p-ropori.ion

estimate by only 

periods. 

boost feed grain prices
in feed grain productionThe declines 

the price of
through the fifties. For 1932-39,

considerably from 1932 

$37.54 $56.85, or 
feed grains jumps from the validation estimate of to 


The feed grain estimates for the 1940-49 and
 
a 51 percent increase. 

average
30 above simulation I results. The 

1950-58 periods ore percent 

is 31 percent higher 	 than 
over the unLire 36-year period

feed grain price 


1 estimate.
the comparable simularion 

a percentageincrease by larger
Since with inelastic 	 demand, prices 

gross income increases somewhat throughout the 
than production declines, 

grain gross income estimate 
priod. Ihc 1932-67 	 average feed

observation 


is up ;67 million or 4 percenu.
 

are lower for feed grains except for the
 
Resource expenditures 

reiated expenses. Fertilizer and lime expenditures are lower 
machinery 

and miscellaneous 
expense, man-hours of labor required,

by 20 percent. Seed 

percent, and 16 percent, respectively, 
are down by 33 percent, 26expehses 

and gross incomeThe higher feed grain price
for the 1.932-67 period. 


estimates hold machinery purchases, machinery stocks, and machinery
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expenses at their simulation I level even though acreages are lower.
 

hence, the simulation model indicates that over the 36-year period the
 

cumulative effect of higher incomes generated from feed grain production,
 

with acreage held at 100 million, wouid have enhanced the substitution
 

of machinery for labor in feed grain production.
 

Setting wheat acreage at 50 million acres througiout the simulation
 

period is a less severe assumption than constraining feed grain acreage
 

to 100 million acres. Over the 1932-67 period actual wheat acreage was
 

59.2 million or about 15 percent higher chan the 50 million acre assumption.
 

Because 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, wheat production declines by 7 percent but whet acreage is 15 

percent bei7,j the simulation I acreage estimate. None of the input levels 

decrease 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 Whe resource mix would have inciuoed a iarger percentage of 

capital inputs and less labor had wheat acreage hee, 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, Eowever, 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 mchinery. Also, the higher returns in agriculture may 

have encouraged nonfarm corporations to buy up farm land and to operate 

it with fewer farm workers than originally occupied the land. Finally, 

if land from entire farms was "rented" by the government to keep feed 

grain and wheat acreages down, :t-iony of the affected farmers would have 

left the farm work force and taken nonfarm employment. 

The higher feed grain price estimotes decrease the number of live­

stock oroduction units on farms. The reduced livestock supplies increase 

livestock prices by 6 percent and livestock gross income by 2 percent 

during the 1932-67 period. Total production expenses for the United 

States for 932-67 decline by 6 percenz while total farm gross income 

increases 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 dispcsition,
 

and income for major agricultural commodiLries. Based on tnis quantitative 

model, thn implications of changes in selected variables or resource use, 

output, and income are investigated for individual comnodities and United 

States agricultyre as a wnoic. 

tlie simuiation model has submodels, or blocks of equations, for 

livestock, food grains, wheat, soybeans, cotton, and tobacco. The equations 

in each coimmodity submodel sequentially depict the commodity's production 
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cycle from acreage planted, to level of resource use, to production, to
 

price, to commodity disposition, and finally to gross income. The lag
 

between resource commiAments and realization of output in agriculture 

permits this sequential or recursive structure. To form the complete 

simulation Model, Lhe blocks or co.modity equations are brought together 

in such a way as to preserve the recursive structure of uhe model. 

Equations are included at the end of the simuiati n model zo "build up" 

variable estimates for the entire agricultural economy. 

The results of 37 simulations are reported, Conditions simulated 

include: (a) the removal of government prce 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 fertilizer 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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is more than offset by acreage
lower commodity prices on acreage 


removal of acreage allotments and diversions.
increases resulting from the 

Hence, removing the influence of government price and income support pro­

grams and .1ssuci.'tUd acreage restrictions resulted in fewer capital inputs 

being ,ip, t to more acres. 

wouldSimulation results indicate that more, rather than less, labor 

have been enga ged in agricultural production without goverrunent programs. 

The implica Lion is that without government price and income support pro­

grams, farmers would natve had less incentive ana iinancial resourcen to 

purc iase labor-sr ving capital inputs during 1932-67 period. TIiu re-,ul ts 

of the free marker simulation in this study and similar findings by Tyner 

and Tweeten -33. suggest that acreage diversion and price support pro­

grams of The Federal Government nave accelerated the substitution of 

capital for labor in agricul1tural production. 

Simulation ',Iodeis 3 Lhruugh 6 investigate the effects of increased 

input prices and ltered levels of input production elasticities on agri­

cultural resource emand , product ion, and incomes. The level of agricul­

tural production is a function of quantity and productivity of inputs used 

in agriculture. Surpiuses and low returns in agriculture have occurred 

because the productivity of resources used in agriculture has increased 

and thie quantity of these 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 ;ind (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 

are set at theirbetween 1932 and 1967 are ignored and all input prices 

1932-39 averages. With higher input prices, input demands decline, 

resulting in lower production levels and higher pricks and incomes. For 

example, with a 10 percent increase in real input prices, average feed 

grain production estimates over he 1932-67 period decline 	from 115.4
 

The average
million tons in tle validation run to iii.4 million tons. 


price of feed grains over the 36-year period increases $3.20 per ton, 

while the estimate of the gross receipts from the sale of feed grains 

Total gross farm income increases about I
increases by $23 million. 

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
 

During the 1959-67 period, fertilizer used
36-year observation period. 


for feed grains and wheat declines by one-half, while national fertilizer
 

usage is down by one-third during this period compared with the validation 

such as fuel, oil, and run. Expense estimates for other operating inputs, 


repairs expense, and miscellaneous expense, are also down. The resulting
 

lower production estimates increase commodity prices and incomes. With
 

1947-49 dollars, the
production expenses and gross income both measured in 


farm income estimate for the 1959-67 period increases
 average annual net 


from $9.8 billion to $12.7 billion.
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Simulation models 5 and 6 assume that the estimated crop production
 

In addition,

functions for the 1932-39 period remain in use through 1967. 


their 1932-39 averages in simulation 6. Under

input prices are held at 


these extreme conditions, production estimates decline sharply. The 

higher prices push total net farm income up ny one-fifth during
resulting 

and by one-third
the 1959-67 period when historical input prices are used 

held at their relatively high 1932-39 levels. 
when real input prices are 

(or) slow 
Obviously, agricultural policies that increise input prices and 

be effective in increasing farm prices and
technological advance would 

incomes. 

levels of resource use, commodity prices, and
The sensitivity of the 

in the crop price support levels is investigated in
 incomes to changes 


tne model crops are
simulations 7 through 16. Supporu prices for each of 

by 10 percent in simulation 7 and decreased by 10 percent in
increased 

b. In simub' uions 9 through 16, price support levelssimulation 
are 

two crops in any particular simulation run.changed for un.'v one or 


that a given percentage increase in crop
Simulation re.Its indicate 


smaller percentage.
price suppor' ... raises average market prices by a 


by 10 percent
For exaimple, increasing price supports for all model crops 

over the 1932-67 period results in the following average percentage market 

3.6 for feed grains, 2.5 for wheat, 2.1 for soybeans,
price increases: 

Annual farm gross income increases
9.2 for cotton, and 2.1 for tobacco. 


1.3 percent during the 36-year period compared with the base 
an average of 


farm income
simulation, Production expenses increase by .4 percent and net 
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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 levels are partially dissipated without added
 

acreage or other supply controls. in response to higher support prices,
 

farmers increase production. Tnis increased production exerts oownward 

pressure on market prices which partially 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 one-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 perc7ent,
 

respectively, during the 1932-67 period compared to the base simulation. 

Declines are also noted for other input categories exce,)t for the nmchinery­

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
 

government policies which increase farm prices and incomes do not "hold"
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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
 

important extent by the ability of individual farmers to
influenced to an 

finance the use of cap] L inputs and the prospect of being able Lo do so 

in the future. Apparently, agricuitural policies that increase incomes 

and stabilize prices facilitate the inLcreased use of hignly productive 

capital inputs and as a result diminish labor requirements. Conversely, 

actions that lower farm incomes tighten capital constraints and aggravate 

maladjustments in resource use.
 

Limita tions
 

Published input data for the individual commodities were generally
 

unavailable. Thie estimation procedures used zo allocate specific expense
 

are
for all of agriculture to specific expense for individual comnodities 


outlined in Ray (23). input-output studies, discussions with officials
 

of the Farm Production Division of Lhe United States Department of Agri­

sources were utilized to
culturc, cost and return studies, and other 

construct: and check the various comodity input series. It is unknown how 

seriously inaccuracies in commodity input data affected the simulation 

results, but the fact 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 if many model
 

formula!tions 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 acreage 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 probably underestimated in the model used in this study. 

Additional use of feed grain production and price va riibles (logged one 

year perhaps) in the livestock equations might add realism to the mdel . 

However, in other cases the magnitude of influence that a related commodity 

variable has on a variable of a particular commodity may need to be 

moderated. For example, the feed grain acreage estimnte 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 '337 and Lin 7, but it is still substantial. 

The farmer responsiveness to economic stimuli is not homogeneous withlin 

commodity groups but differs from one farm size to another and from one 

geographical location to another. Also, the commodity groupings themselves 

contain heterogeneous outputs. 

Concluding Remarks
 

Tdeally, a policy simulation mooel 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
 

The structural relations should incorporate govern­national economy. 


that a broad range of economic

policy variables in sufficient detail
ment 


The model should be capable of analyzing not
 policies can be simulated. 

on the area of its
only tie effects of an agricultural policy change 

on related agriculturalimmedialte applicaltion !u[ also the effects 

and the economy as a whole.
conmodities, the entire agricultural sector, 

in this study is viewed
The -el,,iively unsophisticated model prescnted 

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

the agricul.turl sector. 
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