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I. INTRODUCTION 

A. Nature of the Problem 

The United States agricultural sector has undergone 

substantial changes since the turn of the century. Since 

changes in price relationships and technological advances 

have continually induced greater mechanization of farm op

erations, the demand for farm labor and, in turn, farm 

employment opportunities have decreased. The movement of 

labor out of agriculture began around 1916 with the rate of 

migration increasing considerably during the past thirty 

years. During the 1940-1970 period, the farm labor force 

declined by 41.2 percent (38, p. 30). 

In the past two decades, productivity as measured by 

indexes of output per man-hour has risen much more in the 

farm sector than in the nonfarm. Starting from an index of 

37.7 in 1950, farm output per man-hour went up by 75.4 points 

to 113.1 in 1970. In coir^arison, the index of nonfarm out

put rose from 65.0 in 1950 to 103.8 in 1970, an increase of 

only 38,8 points. (See Table 1.) On the 1967 base of 100, 

farm productivity had outpaced nonfarm by 1970 when the farm 

index of output was 113.1 and nonfarm was 103.8. 

Notwithstanding the large increases in agricultural 

force, relative farm wages and relative farm incomes 

declined. During the 1940-1949 period, the real farm wage 
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Table 1. Indexes of output per man-hour^ 1950-1970 
(selected years) (Indexes# 1967=100)^ 

Nonfarm 
Year Total Farm Total Manu- Nonmanu-

Private facturing facturing 

1950 59.4 37.7 65.0 64.4 65.3 

1952 62.7 41.2 66.9 66.2 67.2 

1954 66.9 49.1 70.5 69.5 71.0 

1956 70.0 51.6 73.2 72.9 73.3 

1958 74.3 60.4 76.7 74.4 78.0 

1960 78.2 64.9 80.3 79.9 80.6 

1962 84.7 71.7 86.4 86.6 86.5 

1964 91.1 79.5 92.4 94.5 91.5 

1966 98.0 90.5 98.4 99.9 97.6 

1968 102.9 101.4 102.9 104.7 101.9 

1970^ 104.6 113.1 103.8 108.1 102.1 

^Source; (41, p. 317). 

^Preliminary. 

rate^ was only 40,76 percent of the real wage rate in manu-

2 
facture, decreasing to 35,65 percent in the 1960-1969 period. 

Likewise, the ratio of the realized net farm income per 

Annual farm wages and salaries per farm worker in U.S. 
in constant 1957-59 dollars (deflated by prices paid for 
living . 

2 Annual wages and salaries in manufacture in constant 
1957-59 dollars (deflated by C.P. index). 
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family member^ to the wage rate in manufacture, dropped 

from 65.42 percent to 50,52 percent during the same time. 

From 1940 to 1970 total farm output increased by 43 

percent with total farm inputs increasing by only 12 per

cent (38, p. 30). The continuous increase of total farm 

output through relatively small increases in farm inputs 

and the continuous decline of the farm labor force can be 

attributed to two major factors: (1) technological de

velopments that changed the aggregate production function 

in the agricultural sector; and (2) changes in the price 

of farm labor relative to the price of capital (11, pp. 

80-103). Since the price and income demand elasticities 

for farm products are low, the increased farm output caused 

by new technological developments in the form of, better 

agricultural machinery and equipment, biological innova

tions, fertilizer and chemicals, had as a result depressed 

farm prices and, in turn, caused low resource returns and 

farm incomes. 

Assuming that the agricultural sector is operating 

under a free market mechanism, there are at least two ways 

by which farm incomes can be iitproved, through output re

duction and increasing farm prices, or with unchanged output 

Realized annual net farm income per family member in 
constant 1957-59 dollars (deflated by prices paid for living 
expenses). 
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and a rapidly declining farm labor force, which means that 

the same aggregate income will be divided among fewer per

sons, Historical experience shows that it is rather un

realistic to expect a drastic drop in total farm output 

without strict governmental controls in production. 

In order to answer problems concerning overproduction 

and low factor returns, more must be known about the re-_ 

source structure. Given the stage of technology, farm out

put is determined in the short run by the existing resource 

level. Changes in farm output depend basically upon the 

flexibility of resources employed in the production process. 

Since labor is one of the most inç)ortant inputs, a thorough 

examination of its structure is needed to facilitate sound 

economic policy measures. 

B. Objectives 

In order to be capable of answering questions concern

ing such basic problems of agriculture as the surplus pro

duction and the low farm incomes, it is necessary to have a 

good knowledge of the structure of the ccanmodity market, 

and of the structure of the resource market. 

This study deals with the structure of the resource 

market, especially with that of the farm labor force. In 

particular we shall try to find out which are the structural 

relationships of the farm labor force market. By structural 
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relationships we mean the demand for and supply of farm 

labor. 

Although it is recognized that there are many non-

economic factors that influence the structural relationships 

of the labor force in the farm sector, this study will focus 

only on the most important economic factors which can be 

identified and quantified. It also will attempt to answer 

questions concerning the demand and supply responses to 

changing economic conditions. For instance, what will be 

the effect on the quantity demanded of farm labor if there 

is a change in the farm wage rate, or in the prices of farm 

output or in the prices of such related inputs as farm ma

chinery. Is the quantity supplied of farm labor responsive 

to changes in the farm wage rate, to the nonfarm wage rate? 

To what extent does the off-farm employment opportunities, 

as expressed by the U.S. level of unenrployment, influence 

the mobility of the farm labor force? 

An econometric model consisting of a set of autonomous 

(structural) equations will then be constructed for the pur

pose of explaining the factors that influence the farm labor 

market. Different hypotheses will be tested, by including 

in the model the most meaningful explanatory variables, and 

some predictions concerning future levels of farm employment 

will be attempted. An effort will also be made to see what 

the policy implications are, and how the income situation 
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in the farm sector can be improved. 

In this study emphasis will be on the farm labor market 

of the North Central region and especially on the demand 

side, because the factors that influence the demand can be 

identified and quantified more accurately than those that 

influence the supply. However, a number of supply equations 

for farm labor will be estimated by taking into considera

tion that noneconomic factors that influence decisions con

cerning the amount of labor to be supplied, or decisions 

concerning labor movements into or out of the farm sector 

are very important, and in some cases overshadow the eco

nomic ones. It has also been observed that in cases in

volving farm operators, the separation of the relevant eco

nomic variables in demand and supply variables is not clear 

cut since it is the same people who demand and supply labor 

(11, pp. 242-252). 

C. Procedure and Organization 

This study deals with three categories of farm labor? 

hired,family, and total (the sum of the previous two cate

gories) . The hired and family farm labor are treated sep

arately for the purpose of having a better understanding of 

the factors that influence the total farm labor market. 

In the second chapter the relevant economic literature 

is reviewed, while in the third the necessary theoretical 
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considerations for this study are discussed. 

The fourth chapter deals with the empirical analysis 

of the farm labor market of the north central region which 

has been divided into three subregions. All three cate

gories of farm labor are examined; hired, family and total 

by means of simultaneous and single equation estimation 

methods. The analysis of each category of farm labor is 

followed by a summary with economic implications. The 

analysis of the farm labor market of the north central region 

ends with a general summary and conclusions. 

The fifth chapter deals with the empirical analysis of 

the U.S. aggregate demand for hired, family and total farm 

labor. The estimation procedures which are used are those 

of ordinary and generalized least squares. The analysis of 

the structure of the aggregate demand for farm labor is 

ending with summary and conclusions. Finally, in the 

Appendix, the various problems, concerning the development 

and transformation of the data which were used in this 

study, are discussed. 
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II. REVIEW OF LITERATURE 

Due to the fact that in some cases involving farm 

operators the separation of economic variables in demand 

and supply variables is not clear cut, since it is the same 

people who demand or supply farm labor, some earlier studies 

include in the demand side variables which are more appro

priate to be included in the supply function. Bishop (4) 

for instance, studying the farm labor from the migration 

point of view, found the most important variables to be non-

farm income opportunities and unemployment rates. Jones and 

Christian (16) examining the situation in the hired farm 

labor market in three "growth states", Florida, Texas and 

California, attempted to explain the disparity between the 

rate of change of man-hour productivity and the rate of 

change of the farm wage rate. Although no structural de

mand coefficients have been estimated they conclude that 

the trends of man-hour productivity diverge because of a 

growing redundancy in the supply of agricultural labor and 

they stress the importance of various educational programs 

for off-farm employment opportunities which are not signifi

cant under the existing situation. 

Econometric analysis of the demand for farm labor has 

been made in the lest decade by Johnson (14), Heady and 

Tweeten (11), Tweeten (25), Schuh (22), Schuh and Leeds 

(23), Tyrchniewicz and Schuh (25, 27), Helmers (12) and 
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Arcus (1). 

Johnson (14) examined both the demand and supply of 

hired and family fam labor. He analyzed three periods 

1910-1957 (1920-1930), 1929-1957, 1940-1947, by using least 

squares methods and simultaneous equation techniques. He 

concluded that the quantity demanded for hired farm labor is 

responsive to the farm wage rate and prices received by farmers 

especially for the last period (1940-1957). The results 

concerning the value of farm machinery were inconclusive 

suggesting that further investigation of the role of this 

variable is necessary. Johnson studied both the aggregate 

U.S. labor market and the nine census regions for which the 

results varied. For the family farm labor demand function, 

he found again significant coefficients for the farm wage 

rate and for the prices received especially for the last 

period 1940-1957; but there was ample evidence of positive 

serial correlation in the residuals. For the supply of 

hired farm labor he did not find significant coefficients 

for the U.S. f. wage rate (although it exhibited the expected 

sign) and the nonfarm wage rate was significant only at 20 

percent probability level. For the supply of family farm 

labor the coefficients of the farm and nonfarm wage rates 

were insignificant. Again no definite conclusions were 

derived for the nine census regions. 

Tweeten (25) specified the demand for family farm labor 
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for the U.S. as a function of the ratio of the average wage 

rate in manufacture to the residual farm income per farm 

workerf the unemployment rate, the ratio of proprietor's 

equity to liabilities in agriculture, the percentage of 

forced sales through bankruptcy, an index of government 

policies, the stock of productive farm machinery and time. 

He concluded that for the period of 1925-59, only the in

come ratio, the unemployment rate, the equity ratio and the 

time trend had a significant effect on the quantity of fam

ily farm labor demanded. In his analysis he used both, 

least squares methods and simultaneous equations estimation 

techniques. 

The demand for hired farm labor was specified as a 

function of the ratio of the farm wage rate to prices re

ceived by farmers for all commodities, the ratio of farm 

wage rate to prices paid for operating inputs and machinery, 

the stock of productive assets, the index of government 

agricultural policies and a time trend. He concluded that 

again for the period 1926-59, the farm wage rate, the prices 

received by farmers, the stock of productive farm assets and 

time, exhibited significant coefficients with the expected 

signs. 

•The supply of hired farm labor was specified as a func

tion of the farm wage rate, the wage rate in manufacture, 

and a nonfarm wage rate variable adjusted to reflect changes 
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in the unemployment rate. All variables exhibited the ex

pected signs and had significant coefficients. 

Heady and Tweeten (11) using similar models of demand 

of hired and family farm labor extended the analysis on a 

regional basis. Demand equations for the nine geographical 

regions were estimated. 

Schuh (22) examined both the demand and supply of hired 

farm labor for the whole U.S. by using simultaneous equation 

estimation techniques. The demand equation was specified as 

a function of the farm wage rate, prices received for farm 

products, price index of other inputs, a measure of tech

nology and a time trend. All variables were significant 

except for the time trend. The supply equations was speci

fied as a function of the farm wage rate, a measure of non-

farm income, the rate of unemployment and the size of 

civilian labor force. All parameter estimates of the sup

ply equation were found significant. 

Schuh and Leeds (23) made a regional study of the de

mand for hired farm labor. The demand equation was specified 

as a function of the farm wage rate, the index of prices re

ceived and time. All parameter estimates of the demand equa

tion in all geographical regions except for New England were 

found significant. 

Tyrchniewicz and Schuh (25) studied the regional supply 
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of hired farm labor. In their hypothesis the quantity sup

plied was assumed to be a function of the farm wage rate, 

nonfarm income, the size of the civilian labor force and a 

time trend. Estimates of the parameters were obtained by 

means of simultaneous equation procedures. The hypothetical 

variables were found to have significant coefficients in 

most regions except for New England, the Mountain and 

Pacific regions. 

Tyrchniewicz and Schuh (27) modified their previous 

hypothesis by assuming that an interrelationship exists 

among the three components of farm labor (i.e., hired farm 

labor, operator farm labor, and unpaid family farm labor). 

For this purpose they used a six-equation distributed lag 

simultaneous equation model consisting of three demand and 

three supply equations respectively. However, the coefficient 

of the lagged endogenous variable in both the demand and 

supply equations for operator labor was found to be (although 

not significant) greater than one, which implies a negative 

coefficient of adjustment. Th:*.s means that if there is a 

change in the economic conditions there will be a movement 

away from equilibrium in the market of operator labor. Time 

series data (1929-1951) were used. 

Helmers (12) studied both, the demand for farm labor 

for the whole U.S. and for the ten production regions. Seven 

endogenous variables and a large number of exogenous variables 
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were tested by means of ordinary least squares. Based on the 

fact that for some kinds of farm labor (i.e., family farm 

labor) the same person deniands and supplies farm labor he 

specified his model in such a way, so that the demand func

tion contained variables (i.e., total nonfarm income, em

ployees on nonagricultural payrolls, the rate of unemploy

ment) which, according to our opinion, can be considered 

more of the supply than of the demand type. He used data 

from 1938 to 1962. He concluded that the demand for farm 

labor for the U.S. and regional models, is a function of 

the farm wage rate, farm income, nonfarm income, U.S. un

employment rate, quantity of substitute inputs (other than 

machinery, land and buildings) in value terms. 

Arcus (1) estimated a set of employment equations for 

farm population, hired, family and total farm labor for the 

whole U.S. as well as for the ten production regions, and 

he made projections of the employment level for 1970, 1975, 

1980. However, no parameter estimates of the demand or 

supply equations of farm labor were estimated. The employ

ment equation corresponds to the reduced form equation; how

ever the parameter estimates of this equation were not de

rived from the parameter estimates of the structural equa

tions but they were obtained directly. 
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III. THEORETICAL CONSIDERATIONS 

A. Economic Framework 

Methodology 

Before we present the empirical model it is considered 

necessary to summarize in brief this part of the economic 

theory which contains hypotheses/ postulates and assumptions 

concerning the economic behavior of individuals or groups of 

individuals related to this study. The following statements 

will help to clarify the subsequent discussion on this matter. 

A model/ in a general sense, consists of a set of as

sumptions from which one or several conclusions can be de

rived. 

The formulation of a model helps us to test the rele

vance of a certain theory which contains a general hypothe

sis, by testing a specific part against the real world 

(i.e., against a specific set of data). The economic model 

is related to the real world firstly through its assumptions 

and secondly through its conclusions. The purpose of con

structing an economic model is to provide explanations and 

predictions concerning certain phenomena of the real world. 

Milton Friedman (9) argues that a certain theory cannot be 

tested on the basis of the realism of its assumptions. Al

though the theoretical assumptions need not represent the 

real world, they must contain its relevant aspects. 
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Friedman's position may lead to the construction of such a 

model which may predict accurately but it may not have any 

explanatory power. Besides explanation and prediction the 

model must be good enough in directing us, as to how some 

of its variables must be altered to bring about desired 

results in the real world. 

In our case the econometric model consists of a set 

of autonomous equations called structural equations. The 

parameters of these equations which will be estimated, are 

called structural parameters. We may think of the economy 

as being the structure whose various sectors correspond to 

the autonomous equations. More specifically, by structure 

we mean "a set of autonomous relationships sufficient to 

determine the numerical values of the endogenous variables, 

given the values of the exogenous variables" (6, pp. 15-47), 

and by econometric model we mean "a set of structures if 

all the structures in the set are alike in those three re

spects: the number of equations, the list of endogenous 

and exogenous variables, and the list of variables that 

appear in each equation" (6, pp. 15-47). At the outset, 

the basic assumptions of the perfectly competitive model 

will be made; as we proceed some of the assumptions will be 

relaxed, while new ones will be introduced. 
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2. Static theory of resource demand and supply 

a. Demand The starting point for the formulation 

of the ertpirical model is the marginal theory of the firm 

operating under perfect competition with an objective of 

profit maximization. The underlying assumptions for a per

fectly corr^etitive factor market are those of homogeneous 

resource units, a large number of buyers and sellers, per

fect knowledge and freedom of entry; then for a given pro

duction function the long run demand^ for an input depends 

on its price, the prices of other inputs, and the price of 

the output (13, pp. 107-108). 

Xik = f(Pi, Pj/ Py) (3.1) 

where, 

Xik = quantity of input i, for k^^ firm 

P^ = price of input i 

Pj = price of related input j (j=l,2,...,n/i) 

Py = price of output. 

The aggregate demand function for input is the summation 

of all individual demand functions. 

tuc short run the quantity of fixed inputs enters 
the demand function for an input as a parameter (11, pp. 
42-49). 
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b. SuTJfplv The individual's (13, pp. 23-24) supply 

of labor is derived, by the use of consumer utility, as a 

function of the wage rate. 

Xjjç = f(P%) (3.2) 

where, 

= quantity of labor for individual 

P]^ = wage rate. 

The aggregate supply function of labor is the summation of 

all individual supply functions. Since the agricultural 

labor market is not closed, decisions concerning the amount 

of labor to be supplied in the farm sector is influenced by 

nonfarm income and off-farm employment opportunities. 

Equation 3.2 thus becomes: 

*1* = ftPp' Pm" (3-3) 

where, 

Pp = farm wage rate 

Pj^ = nonfarm wage rate 

u = unemployment rate. 

2. Dynamic theory of resource demand and supply 

It has been observed that individuals do not always 

adjust instantaneously to changes in economic conditions; 
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this lag in response is explained by dynamic theory which 

is "...the study of economic phenomena in relation to 

proceeding and succeeding events" (3, p. 4). In our con

text, dynamic theory tries to explain the various changes 

that occur in the value of the endogenous variables as time 

passes even in cases when the structural parameters and the 

set of all the exogenous variables in the model, except time, 

remain unchanged. Time is the most important element in 

dynamic theory; it may appear either as an exogenous vari

able itself (time trend) or as a subscript of a certain 

variable which takes different values at different (time) 

periods (i.e., dating of the variables). 

With the conç>arative statics we look in general into 

two equilibrium situations with no concern about the path 

that the economic system followed through time. The changes 

that occur in the endogenous variables are explained in 

terms of changes in the value of one exogenous variable or 

one parameter. Dynamics enter into the picture as soon as 

we introduce a time trend or a lag variable or in cases we 

are concerned about the stability of the attained equilibrium 

or about what has happened in between two equilibrium posi

tions . 

The agricultural sector is often characterized by a lag 

in response; it takes a period of time to adjust to new 

price and marginal productivity ratios once some of the 
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resources have been employed in the production process. In 

many cases the effects of a change in economic conditions 

are spread over many time periods. In this case we have a 

distributed lag. The period of adjustment may differ from 

a few months to several years. This lag in response may be 

attributed to such factors as (1) the durability of exist

ing resources, (2) capital limitations, (3) uncertainty con

cerning future returns and market conditions, (4) lack of 

information concerning the use of new inputs, (5) such in

stitutional conditions as farm size, tenure and contract 

arrangements etc. (11, pp. 68-79). 

Farm workers and farm operators may not adjust com

pletely within a given time period to changes in relative 

wages or relative incomes for a number of reasons. (1) It 

may be considered that the changes in economic conditions 

are only temporary and it may be estimated that the costs 

of a fast adjustment is much higher than the possible bene

fits. (2) Lack of information concerning nonfarm employment 

opportunities and lack of skills for off-farm work. (3) 

The various contracts and other obligations that oblige 

especially farm operators to stay in the farms for a given 

time period. Thus considering the economic reality, it 

makes more sense to use, in the demand function for farm 

labor, stock values of such related inputs as farm machinery 

than using price indexes. Since it is assumed that no 
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changes occur in the structural coefficients a time trend 

must be included in the demand function as an indicator of 

technological change. Since the agricultural input market 

is not isolated from the rest of the economy^ and since the 

labor force can move in and out of the agricultural sector, 

a proxy of the nonfarm wage rate must be included in the 

supply function, or the ratio of the farm versus the non-

farm wage rate used as a measure of the relative probability 

of the farm sector and as an incentive for the farm workers 

to stay in or move out from agriculture. The U.S. unemploy

ment rate must also be included in the supply function as an 

indicator of off-farm employment opportunities, as well as 

a time trend. 

a. A note on distributed lags The demand for farm 

labor is expected to behave less sluggishly than the supply 

of farm labor; that is, decisions concerning the hiring of 

additional amounts of farm labor or buying new inputs are 

made relatively faster than decisions concerning movements 

of farm workers and operators; that is, to stay in or leave 

the farms. Therefore the adjustment period on the supply 

side is expected to be larger than on the demand side. For 

this reason, last year's farm machinery prices or stock 

values have been included in the demand for farm labor and 

the assurâtion of the distributed lag hypothesis as was de

veloped by Koyck (18) and Nerlove (20, pp. 1-20) has been 
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made as far as the supply function is concerned. 

Suppose that y is a linear function of and A 

distributed lag with a Kroyck type transformation will be: 

2 
y. = a + bx, + b&x, + b6 x, + ... + dx„ 
^ -^t ^t-1 ^t-2 

+ d&Xg + dô ̂Xg +... (3.4) 
^t-1 ^t-2 

where 0 < ô < 1 

y. = a + b 2 ô^x, + d 2 ô^x« (3.5) 
^ i=0 ^t-i i=0 ^t_i 

00 00 

6y» 1 = a& + b S 6 X, + d S a^x. . (3.6) 
i=l ^t_i i=l ^t-i 

Subtracting Equation 3.6 from 3.5 we have 

y^ - = a(ô-l) + bx^ + dXg (3.7) 

y^ = a(ô-l) + bXj^ + dXg + &y^_^ . (3.8) 

The cumulative effect of a maintained change in x, and 
•^t 

X, is: 

Jl = * (3.9) 

the short run elasticity with respect to x^ estimated at the 
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mean level is 

X. 
1 (3.10) 
y 

the long run elasticity is 

Nerlove (21) used a different assumption concerning the 

cause of the lag, but he derived similar conclusions with 

Koyck(18). He assumed that there exists a long run demand 

or supply equation of the form. 

where, 

* 
y^ is the long run equilibrium level of the quantity 

demanded or supplied and x^ is the price of y at 

time t. 

y^ is the current quantity demanded or supplied. 

The adjustment equation (Equation 3.13) says that the 

use of y^ would change in proportion to the difference be

tween the long run equilibrium quantity and the current 

* 
(3.12) y^ = a + bx^ 

and an adjustment equation of the form 

Yt - ït-l = r(Yt - Yt-l' (3.13) 
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quantity. 

Substituting Equation 3.12 into 3,13 we have; 

= ya + ybx^ + (l-y)y^_2 (3.14) 

which is similar to Equation 3.8. 

4. The conceptual model 

ïhe first part of the study is concerned with the farm 

labor market in the north central region which has been di

vided into three subregions. Three different kinds of farm 

labor are examined; hired, family, and total. 

The hypotheses we are going to test are the following: 

(1) The quantity demanded of hired farm labor is a 

function of a) the real farm wage rate, b) the index of the 

price of farm output, c) the index of the value of the stock 

of farm machinery, d) a time trend. 

(2) The quantity supplied of hired farm labor is a 

function of a) the real farm wage rate, b) a measure of non-

farm income, c) the U.S. unemployment rate, d) a time trend. 

It is also assumed that the farm labor market does not ad

just instantaneously to changes in economic conditions. For 

this reason, it has been hypothesized that the supply for 

hired farm labor reacts with a distributed lag while last 

year's farm input prices and farm machinery stocks have been 

included in the demand function. A proxy of nonfarm income 

was confuted based on the annual wages and salaries per 
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worker in manufacture; the inclusion of the U.S. unemploy

ment rate in the supply function indicates alternative em

ployment opportunities. By including in the model a U.S. 

average of nonfarm income and the U.S. unemployment rate, it 

is implicitly assumed that farm laborers tend to move for 

alternative employment not only into the industrial centers 

of their region but throughout the country. 

The hypothesis concerning the family farm labor is sim

ilar with the hired farm labor. However, in addition to the 

real farm wages a proxy of the residual farm income is in

cluded, to test whether or not family workers and operators 

exhibit a greater response to changes in farm income rather 

than to changes in farm wages. For the total farm labor 

the same hypothesis has been made. 

The second part of the study is concerned with the 

demand for the three different kinds of farm labor in the 

whole United States. The underlying assumptions are similar 

with those of the regional model. 

a. The time trend as an independent variable The 

time trend has been included in most of the empirical models. 

In our analysis no specific index of technological change 

was defined. In the absence of such an index, time is ex

pected to reflect the long run changes in the farm labor 

market. Since the distributed lag hypothesis has been made, 

the time variable is expected to pick up some of the trend from 
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the lagged endogenous variables and to reduce the degree of 

biasness in the estimated coefficients. 

B. Statistical Considerations 

In this study different statistical procedures have 

been employed. Demand and supply equations of farm labor 

were estimated by single and simultaneous equation tech

niques. Although the purpose of the subsequent delibera

tion is not to present the statistical and econometric 

theory which has been used,^ the basic econometric and sta

tistical techniques which were employed in this study are 

briefly discussed below. In addition, these parts of econo

metric theory, which in our opinion have not been fully 

considered in some of the past research and have caused a 

lot of mi sunderstandings, will be presented in some detail. 

1. Single equation estimation 

a. Ihe least squares method Some of the equations 

specified in the following model have been solved simply 

and some simultaneously. For the single equation approach 

the least squares method is applicable. A demand or a sup

ply equation in a linear single equation form looks as 

^For a basic discussion of problems of econometrics 
see references 6, 1, 15, 17, 24. 
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follows : 

^ 2 ^ 2^2 ^ / 1—1 »2/»««/n (3.15 ) 

where Y is the variable to be explained (endogenous), 

Xg,are the explanatory (exogenous) variables, §are 

the true parameters and u^ is a random disturbance. In 

matrix notation the above equation can be written as 

Y = x^ + u . (3.16) 

The basic assumptions in order to obtain the best, linear 

and unbiased estimates of the § coefficients are the follow

ing. 

E(u) = 0 (3.17) 

E(uu') = (3.18) 

X is a set of fixed numbers (3.19) 

x has rank k < n (15, pp. 106-107) . (3.20) 

Equation 3.16 can be written as: 

Y = x§ + e . (3.21) 

In the least squares method, the sum of squares of the 

deviations 

n , 
2 ef = e'e (3.22) 
i=l ^ 
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is minimized/ and the values of the § coefficients are ob

tained in the minimization process (15, pp. 108-138). 

2 ,  Simultaneous equation estimation 

It is recognized that the degree of interdependence 

of the various economic relationships is very high. The 

economic variables are usually determined not only by one, 

but by the simultaneous operation of several autonomous 

relations. In this case the assumptions of the general 

linear model are no longer applicable. 

The general simultaneous equation linear model con

sists of G structural relations. The i^^ relation at time 

t is the following: 

Pilait ^i2^2t + ••• + PiG^Gt Til*lt Ïi2*2t 

+ + Tik^t ~ ̂ it * (3.23) 

The model includes G jointly dependent and k predetermined 

variables. In matrix notation it may be written as 

By^ + rx^ = u^ (3.24) 

where, 

B is a (G X G) coefficient matrix of the jointly 

dependent variables 

y^ is a (G X 1) vector of the jointly dependent 
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(endogenous) variables, 

r is a (G X k) coefficient matrix of the predetermined 

variables 

x^ (k X 1) vector of predetermined variables, and 

is a (G X 1) vector of the disturbances. 

The predetermined variables consist of exogenous, lagged 

endogenous variables and instruments. Assuming that B is 

nonsingular, the reduced form is: 

= Hx^ + (3.25) 

where 

n =  and = B"^u^ (15, pp. 231-268). 

The basic assumptions concerning the above model are the 

following: 

E(u^j) = 0 (3.26) 

Var (u^j) = cTj (3.27) 

Covar(u.., u.,) = 0 for all j and all iWk (3.28) 
J1 

(j refers to the equation and i to the sample). 

In the single equation case the random disturbances 

were assumed to be independent all but one (endogenous) 

variable. In the simultaneous equation case we can no longer 
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make the same assumption since in each equation there are 

more than one jointly dependent (endogenous) variables, 

therefore the least squares estimation method of the 

structural coefficients is no longer applicable. However, 

the random disturbances may be assumed to be independent 

of the predetermined variables. 

Covar(X^, Uj^) = 0 for i=l,2,...,n (3.29) 

ilk—1 / 2/... f n 

j—1/2/.../G . 

a. A note on identification (15, pp. 240-252) The 

identification problem is related to the property of the 

structural model; it actually refers to the question whether 

or not the coefficients of one particular structural equa

tion can be derived from the reduced form coefficients. If 

this is the case, the structural coefficients are identi

fiable. Lack of identification not only means that the 

structural coefficients cannot be derived from the reduced 

form coefficients, but also that the structural model is 

incapable of using the existing data for the purpose of ob

taining estimates of the structural coefficients. Identifi

cation is independent of the numerical values of the nonzero 

coefficients; it is determined by the specification of the 

structural model, especially by the zero structural coeffi

cients (i.e., number of variables missing from the equation). 
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A structural equation is said to be just identified if 

the number of the predetermined variables which do not appear 

in the equation is equal to the number of the endogenous 

variables in the equation minus one; it is overidentified 

if the number of the predetermined variables not present in 

the equation is greater than the number of the endogenous 

variables in the equation minus one, and underidentified 

if the missing predetermined variables are less than the 

number of the endogenous variables in the equation minus 

one. If the structural equation is underidentified there 

is no way that the structural coefficients can be inferred 

frcan the reduced form coefficients, which means that the 

model under consideration is incapable of using the existing 

data for the purpose of obtaining parameter estimates of the 

structural equations. 

The order condition for identification is usually 

stated as (15, p. 250-251): 

** A 
k > G - 1 (3.30) 

where 

•kit 
k = number of predetermined variables not present 

in the equation 

= number of jointly dependent variables in the 

equation. 



www.manaraa.com

31 

2. Statistical procedure 

Although the focus of this study is on the demand side, 

both demand and supply equations have been estimated by sin

gle and by simultaneous equations techniques. Also, an ef

fort was made so that the exogenous variables in each equa

tion would show the lowest possible degree of correlation. 

For this purpose the correlation matrix of all exogenous 

variables was constructed and consulted. The sample size 

was also increased to some extent in order to avoid high 

covariances among the estimated parameters in an equation. 

Evidently, the way the explanatory variables are chosen is 

subjective rather than objective. The variables must ful

fill two requirements; first to be meaningful as far as 

economic theory is concerned and second to be uncorrelated 

among themselves. There are trade-offs between the loss of 

explanatory power of the model, if one or more exogenous 

variables are excluded and the problem of multilinearity 

if they are kept in (15, pp. 201-207). 

In the simultaneous equation estimation the model con

sists of two equations (i.e., the demand for and the supply 

of farm labor). The quantity of farm labor and the farm 

wage rate or the farm income are assumed to be mutually de

termined? since the random disturbances are not assumed to 

be independent of the jointly dependent variables, the least 

squares estimation is no longer applicable. Estimates of 
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the structural coefficients are therefore obtained by the 

method of two-stage least squares (15, pp. 258-263). In 

the first stage estimates of all endogenous variables but 

one in the equation, are obtained by treating separately 

each of them as a linear function of all predetermined var

iables of the model, and then applying the least squares 

method. In the second stage, the least squares method is 

applie^d by treating the remaining jointly dependent variable 

in the equation as being the only endogenous, and the esti

mates of all other jointly dependent as well as the pre

determined variables in the equation as truly exogenous. 

When the distributed lag hypothesis is made, the de

pendent variable (i.e., the quantity of farm labor) is 

lagged one year and treated as exogenous. From its param

eter estimate the adjustment coefficient is derived. Short 

and long run elasticities have also been estimated. 

For each equation the Durbin-Watson statistic is esti

mated to test for autocorrelated disturbances; it is rec

ognized, however, that this statistic is not a strong indi

cator of autocorrelation, where the lagged endogenous vari

able is treated as an explanatory variable (10). 

In the single equation estimation the least squares 

method is used. In cases where the Durbin-Watson test 

showed that the errors were autocorrëlated, the parameters 

estimated by ordinary least squares are no longer appropriate 
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for well known reasons (I.e., underestimation of sampling 

variances, inefficiency in predictions, etc.) (15, pp. 177-

197). In this case it was assumed that the residuals are 

following a first order Markov-Scheme (i.e., u^ = pu^_^+e^) 

and then the method of generalized least squares was applied 

(15, pp. 179-194). 

It has also been hypothesized throughout this study 

that all the variables are measured without error. 
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IV. EMPIRICAL MODELS OF DEMAND FOR AND SUPPLY OF FARM LABOR 

IN TEIE NORTH CENTRAL REGION OF THE UNITED STATES 

A. Introduction 

The north central region is usually divided into two 

subregions/ the east north central and the west north central. 

In this study the west north central region was further di

vided into two subrogions; the west north central region (I) 

and the west north central region (II). Criteria for this 

division were the relative homogeneity of each subregion 

from production point of view, and the relative managability 

of the data. Besides the production differences which the 

three subrogions exhibit among themselves, they are also ex

pected to show a degree of heterogeneity as far as the labor 

market is concerned. This aspect would be important for the 

purpose of making interregional comparisons. 

Table 2. Division of the north central region into three 
subrogions 

North central region 

Subregion States 

East north central or ENC Ohio, Indiana, Illinois, 
Michigan, Wisconsin 

West 
WNC_ 1 

north central (I) or Minnesota, Iowa, Missouri 

West north 
WNCii 

central (II) or No. Dakota, So. Dakota, 
Nebraska, Kansas 
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Time series data from 1939 to 1970 have been the main 

source of information in this study.^ Since state data con

cerning stock values of farm machinery has not been reported 

earlier than 1945, all models which include this variable 

refer to the period 1945-1970; however, a number of equa

tions where the machinery variable is not present cover the 

period 1939-1970. The disadvantage due to the use of a 

smaller sangle size should be offset by the more homogeneous 

sample in which the war years have been excluded. 

Demand and supply equations have been estimated by both 

simultaneous and single equation methods. A comparison of 

these two approaches will follow after the presentation of 

the basic models. 

Although most of the models which fail to provide sat

isfactory explanation have been excluded, a small number of 

them will be presented for the purpose of showing the overall 

impact of the inclusion or omission of one or more explana

tory variables, and the model building process as well. 

Each simultaneous equation model consists of two equa

tions, one demand and one supply equation. In this case 

the variables have been divided into two groups. The first 

group consists of the jointly dependent variables which 

^For a detailed discussion on the data collection and 
transformation see the Appendix. 
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include the quantity of farm labor and the various proxies 

of its price# while the second group consists of the pre

determined variables. 

1. Jointly dependent variables 

In each model there are two jointly dependent variables, 

the price and the quantity of farm labor. 

In the case of hired farm labor, two proxies were 

tested as indicators of its price. The first proxy is the 

farm wage rate, and it is viewed as the price of hired 

labor in an absolute sense; while the second proxy is an 

index of the ratio of the farm wage rate versus the nonfarm 

wage rate, and it is viewed in a relative sense. On the 

supply side, the wage rate ratio variable shows that de

cisions concerning the supply of hired farm labor are also 

influenced by nonfarm variables, such as the wage rate in 

manufacture; while on the demand side, the wage rate ratio 

could be viewed as the relative expensiveness of the hired 

farm labor input. 

In the case of family farm labor two proxies were 

tested as indicators of its price. The first was the already 

mentioned wage rate ratio and the second the gross per capita 

farm income. Although it is recognized that a more appro

priate proxy for the price of family farm labor vould be the 

net farm income per family member, state data concerning 
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this variable is not reported earlier than 1949. For this 

reason and since gross farm inccane is highly correlated to 

net farm income, the gross per capita farm income proxy was 

used. 

The separate analysis of the hired farm labor market 

from that of the family farm labor market was considered 

necessary in order to understand the functioning of the 

total labor market. The results of the analysis indicated 

that it was more suitable to use the wage rate ratio vari

able than the gross per capita income as the price of the 

total farm labor. 

When the demand for and supply of hired farm labor were 

examined independently, the quantity of farm labor was 

treated as an endogenous variable; while the farm wage rate 

lagged one year, and the rest of the explanatory variables 

were treated as exogenous. 

2 ,  Predetermined variables 

The predetermined variables consist of exogenous and 

lagged endogenous variables, which are the following. 

a. The time trend As stated in the previous chap

ter the time trend was used basically as an indicator of 

technological change; it is expected that it will shift both 

the demand and supply fuiictions to the left. A shift of 

the supply curve to the left can be interpreted as the change 
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of the farm labor force's preferences over time. Farm 

workers might be willing to migrate out of rural areas to 

larger population centers for noneconomic reasons as well, 

which cannot be quantified within an analytical framework 

of this sort. Some of these reasons might be the better 

communication and transportation in the nonfarm sector, 

better schooling conditions, better health services and 

entertainment, etc. 

b. The value of the stock of farm machinery It has 

been stated previously that decisions concerning the demand 

for farm labor are influenced by the existing stock of farm 

machinery and equipment rather than the current farm ma

chinery prices. Also, stock values for farm machinery could 

be developed for each particular region, while state data 

concerning farm machinery prices were not available. There

fore, the peculiarities of each region were better reflected 

by the stock values. 

Ç. The U.S. rate of xmemployment The U.S. rate of 

unemployment was used as a nonagricultural variable that 

influences the mobility of farm labor. By using the U.S. 

rate of unemployment rather than the prevailing unemployment 

rate in each region, it was implicitly assumed that when 

farm labor moves out of the agricultural sector, it will 

not necessarily stay in the same region but it can move to 

other regions as well. If favorable conditions prevail in 
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the whole economy, a drop in the unemployment rate would 

have as a result a shift of the supply curve to the left. 

This suggests that if the demand function remains relatively 

stable for a period of time, the quantity of farm labor em

ployed in the agricultural sector will be reduced while the 

farm wage rate will rise. Had the relative farm wage rate 

been used as the price of farm labor, the income disparity 

between the two sectors would have been reduced as well. 

d. The index of prices received This variable, 

deflated by the index of prices paid for living or for pro

duction expenses, can be used as an indicator of the rela

tive profitability of agriculture. An increase of this var

iable is expected to shift the demand for farm labor to the 

right. This would mean a higher equilibrium level for the 

farm wage rate and employment. The elasticity of the supply 

for farm labor would be a crucial factor in this case in 

influencing farm incomes. If the supply function is in

elastic in the short run but elastic in the long run, the 

impact of a rise in the prices received would be more on 

the farm employment level than on the farm wage rate. The 

overall effect would be a decelerated exodus of the labor 

force from the farm sector which would have a negative ef

fect in increasing farm income. 
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e. The use of different deflators Due to the 

heterogeneity of the variables used in the empirical analysis, 

it was considered as more appropriate to use different de

flators for each category of variables rather than using a 

single deflator. Thus, it was expected that the changes in 

the real values of the variables would be better reflected. 

However, in the case of farm machinery two different de

flators were used with the purpose of testing their impact 

on the demand for farm labor. 

3 .  List of variables 

The following list includes all the variables which 

were used in the empirical analysis of the demand for and 

supply of farm labor. The jointly dependent variables refer 

to all the simultaneous equation models in all the production 

regions. In the single equation case, only the quantity of 

farm labor is treated as an endogenous variable while the 

farm wage rate is lagged one year and treated as an exogenous 

variable. 

Jointly Dependent Variables: 

= Quantity of hired farm labor in 1,000 persons, in the 

region,^ k=l,2,3,4. 

](=1 for the east north central region; ]c=2 for the 
west north central region (I); k=3 for the west north cen
tral region (II) ; ]c=4 for the north central region. 
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= Quantity of family farm labor in 1,000 persons, in 

the region, k=l,2,3,4. 

= Quantity of total farm labor in 1,000 persons, in the 

region, k=l,2,3,4. 

= Index of the composite farm wage rate per hour^ 

(1957-59 = 100), deflated by the index of prices paid 

for living expenses, in the region, k=l,2,3,4. 

= Ratio of the index of the composite farm wage rate per 

hour (1957-59 = 100), deflated by the index of prices 

paid for living expenses, to the index of the hourly 

wage rate in manufacture (1957-59 = 100), deflated by 

the consumer price index, in the region, k=l,2,3,4 

multiplied by 100. 

Y^ = Gross farm income per capita in constant 1957-59 dol

lars deflated by prices paid for living expenses 

(1957-59 = 100) in the k^^ region k=l,2,3,4. 

Predetermined Variables: 

2 
Xg = Time trend (i.e. t^g^g " ^1940 ~ ^1941 ~ ' 

^1970 ~ ' 

^For the definition of the composite farm wage rate per 
hour see ret. 35, Jan. 1956. 

Variables with no subscript are the same in all regions. 
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= Quantity of hired farm labor in 1,000 persons in the 

region, lagged one year (i.e., t-1^' 

te=l,2,3,4. 

X^ = Quantity of family farm labor in 1,000 persons in the 

k^^ region lagged one year (i.e., X^ = t-1^ ' 

3c-l / 2,3,4* 

V 
Xg = Quantity of total farm labor in 1,000 persons in the 

k^^ region lagged one year (i.e., X^ = t-1^' 

k=l,2,3,4. 

X^ = Value of the stock of farm machinery in constant 1957-59 

million dollars, in the k^^ region (deflated by the 

index of prices paid for farm machinery, 1957-59 = 100), 

lagged one year, k=l,2,3,4. 

X^ = Value of the stock of farm machinery in constant 1957-59 

million dollars, in the k^^ region (deflated by the 

index of prices paid for production expenses, 1957-59 

= 100), lagged one year, k=l,2,3,4. 

Xg = The U.S. rate of unemployment. 

Xg = Index of prices received by farmers for farm products, 

1957-59 = 100. 

X^Q= Index of prices received by farmers for farm products, 

1957-59 = 100, deflated by the index of prices paid for 

living expenses, 1957-59 = 100. 
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= Index of the composite farm wage rate per hour (1957-59 

= 100)/ deflated by the index of prices paid for living 

expenses/ in the region, lagged one year (i.e., 

^1 " ̂,t-l^' k=l,2/3,4. 

3C^2 = Ratio of the index of the composite farm wage rate per 

hour (1957-59 = 100)/ deflated by the index of prices 

paid for living expenses, to the index of the hourly 

wage rate in manufacture (1957-59 = 100), deflated by 

the CPI, in the k^^ region, lagged one year (i.e., 

3^2 = ̂  t-1^ ' multiplied by 100/ k=l/2/3,4. 

4. A brief description of the simultaneous and single equa

tions models 

All models which served to test the hypothesis concern

ing the farm labor market are presented in the following 

tables. 

As stated previously, each simultaneous equation model 

consists of one demand and one supply equation. The values 

of the estimated coefficients are placed in front of each 

variable; two stars above each coefficient indicate that 

the coefficient is significant at a 5 percent probability 

level or better, one star that it is significant at 10 per

cent, and no star that it is not significant. The numbers 

in parentheses under the estimated coefficients show their 

standard errors. For each equation the coefficient of 
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determination is presented as an indicator of a good fit and 

the Durbin-Watson statistic as an indicator of serial cor

relation among the residuals. 

The procedure of testing the hypothesis concerning the 

farm labor market was gradual in order to observe the impact 

of the inclusion or omission of a certain variable. Models 

with no good statistical results have also been included in 

the following tables for the purpose of showing the model 

building process. When two proxies were used as the price 

of farm labor, the same model appears in two different forms 

(i.e., each including one price proxy respectively). By 

following this procedure it is possible to observe the 

gradual improvement in the results by a mere comparison of 

the respective models. The same holds true for the farm 

machinery variable which has been deflated by two different 

deflators. The distributed lag hypothesis is tested by 

lagging the endogenous variable^ one year and treating it 

as exogenous. From its estimated coefficient 6, the coef

ficient of adjustment y is derived (i.e., 6 = l-y) showing 

the speed toward a new equilibrium position. If 5=0, it 

follows that y=l, which implies that there is no lag in 

response. If 5=1, then ^=0, which iitçdies that there is 

no adjustment at all. The smaller the coefficient of 

^In this case it is the quantity of farm labor. 
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adjustment/ the longer it takes for the supply to adjust to 

the new conditions. As the farmers' information increases 

concerning the functioning of the factor and product markets 

the lag in response is expected to shorten. 

A coefficient of the lagged endogenous variable larger 

than one implies a negative coefficient of adjustment which 

shows that there will be a movement away from equilibrium, 

one possible explanation for such an inconsistent result 

with the initial hypothesis would be the incorrect specifi

cation of the distributed lag model. 

The single equation demand and supply models test the 

same hypothesis as the simultaneous equation models. The 

parameter estimates of each equation are obtained inde

pendently by means of the least square's method. 

In each production region the simultaneous equation 

models which are presented first are followed by the single 

equation models. The focus of the analysis will be on the 

models which give the most satisfactory explanation of the 

farm labor market. For each category of farm labor and for 

every region the results will be summarized. A general sum

mary with conclusions will follow at the end. 
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B. Hired Farm Labor 

1. Hired farm labor for the east north central region^ 

a. Simultaneous equation models of hired farm labor 

(1) Model 1 The demand for hired farm labor 

is specified as a function of the farm wage rate, the stock 

value of farm machinery deflated by prices paid for produc

tion expenses, a time trend as a technology variable, and 

the quantity of hired farm labor lagged one year showing 

that the demand responds with a distributed lag to changes 

2 in economic conditions. All variables exhibit the expected 

signs, except for the farm machinery variable; however, none 

of the parameter estimates is significant, even at a 10 per

cent probability level. 

"fhe supply of hired farm labor is specified as a func

tion of the farm wage rate, the U.S. unemployment rate, a 

time trend, and the quantity of hired farm labor lagged one 

year for the distributed lag hypothesis. All estimated co

efficients, except the time trend, exhibit signs that are 

opposite than those that would be expected and are not 

statistically significant. 

^All variables have the definition given before. 

^This is a departure from the initial assumption (i.e., 
in the case of simultaneous equation estimation it is assumed 
that only the supply behaves in a distributed lag fashion). 
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As a concluding remark, model 1 does not give any 

explanation concerning the hired farm labor market what

soever. All the parameter estimates of each equation of 

model 1 are presented in Table 3. 

{2) Model 2 Model 2 differs from model 1 in 

the sense that no distributed lag hypothesis has been made 

concerning the demand and supply functions, instead, the 

index of prices received by farmers for farm products, 

Xj^Q, deflated by the index of prices paid for living ex

penses has been added to the demand function. The only 

improvement in relation to model 1 is the significant co

efficient of the farm wage rate, Y^, in the demand function 

and the positive but insignificant coefficient of the U.S. 

unemployment rate, Xg, in the supply function. The esti

mated parameters of model 2 appear in Table 3. 

(3) Model 3 The demand is specified as a 

function of the farm wage rate, the stock value of farm 

machinery deflated by the price index of farm machinery, 

Xg, and a time trend. All estimated coefficients, except 

for the time trend, exhibit the expected sign; but only the 

farm wage rate, Y^, is significant. The farm machinery 

coefficient appears insignificant, though with the expected 

negative sign showing the substitutability of capital for 

labor. In this model the distributed lag assumption has 

been hypothesized only for the supply of farm labor, due 
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Table 3. Simultaneous equations models of hired farm labor for the east north 
central region 

Constant 
term R 

Model 1 

Demand = 416.37 - 2.836 - .602 X- + .151 + .006 X^ 
(340.33) (2.732) (1.568) (.627) (.038) ' 

1.74 .991 

Supply ^ = - 3.644 yi - .015 X - .007 X^ 
(5.253) ̂  (2.860) ^ (1.100) ^ 

- .493 Xo 1.74 
(3.111) 8 .991 

Model 2 

1 ** ** 1 1 
Demand Y7 = 394.0 - 4.452 Yt + 1.864 X, + 1.038 X, « + .009 X:: 

^ (85.24) (1.257) (3.095) (.829) (.009) ' 
1.43 .976 

Supply = 468.0 - 3.024**- 1.056 X_ 
^ (90.9) (1.333) ^ (2.357) 

+ .997 Xo 1.09 
(3.892) 8 

.973 

G The following notations are true for the tables to follow: d = Durbin-Watson 
statistic; C = the supperscript C on the Durbin-Watson statistic shows that the 
disturbances are autocorrelated at 1% prob. level; I = the superscript I on the 
Durbin-Watson statistic shows that the test is inconclusive at 1% prob. level; 
absence of a superscript means that we have accepted the hypothesis of random 
disturbances. 

= coefficient of determination (this applies to following tables). 
*-.v 
The parameter estimate is significant at 5% probability level or better (this 

applies to following tables). 
* 
The parameter estimate is significant at 10% probability level (this applies 

to following tables). 



www.manaraa.com

49 

to the fact that decisions concerning the movement of labor 

in and out of agriculture exhibit a longer lag in response 

in relation to decisions concerning other agricultural in

puts. However/ model 3, as it is# does not support the 

above hypothesis because in the supply equation, both the 

wage rate and the lagged endogenous variable coefficients 

appear with a negative sign. The estimated parameters of 

model 2 appear in Table 4. 

(4) Model 4 The demand function is the same 

as in model 3. The only difference is that the time trend 

has been added to the supply function. The inclusion of the 

time trend has improved the results on the supply side. Now 

all the supply coefficients, although not significant, ex

hibit the expected sign. The parameter estimates of model 4 

appear in Table 4. 

(5) Model 5 The demand function is that of 

model 4/ plus the prices received for farm products vari

able, X^Q. In the supply no distributed lag response has 

been hypothesized; the U.S. unernployment rate is included 

instead of the lagged endogenous Y, . The prices received 

variable appears with the expected sign, but it is not sig

nificant; while both the time trend, Xg, and the machinery 

variable, X^, appear with signs opposite than those ex

pected. On the supply side there was no significant im

provement. The unençîloyment variable, Xg, although 
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Table 4. Simultaneous equations models of hired farm labor for the east north 
central region 

Constant 
term 

Demand = 508.46** 
(29.84) 

Model 3 

3.602**yi + .050 - .0013 xj 
(.419) ^ (.912) (.0034) ^ 

.980 

Supply = 558.64** 
^ (176.34) 

3.990**Y^ 
(1.227) 

- .1059 X: 
(.3576) -

.978 

Model 4 

Demand = 508.46** - 3.602**Y^ + .050 X„ - .0013 x]  
^ (29.84) (.419) ^ (.912) (.0034) ^ 

.980 

Supply 1.587 - 2.178 X-
(13.347) ^ (5.189) ^ 

+ 1.179 X 
(3.084) 

,1 .974 
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exhibiting the expected positive sign, is insignificant. 

The farm wage rate shows a negative coefficient. All 

parameter estimates of model 5 are presented in Table 5. 

(6) Model 6 This model is basically the same 

as the previous one; the only difference is that the prices 

received for farm products variable has been omitted. There 

is a slight improvement in the results, especially in the 

signs of the time trend, Xg, and in the machinery variable, 

Xg. All estimated parameters of model 6 are presented in 

Table 5. 

(%) Model 7 The demand for hired farm labor 

is specified as a function of the ratio of the farm wage 

rate to the wage rate in manufacture (i.e., Y^), the stock 

value of farm machinery, X^, and a time trend, X^. A dis

tributed lag adjustment has been hypothesized for the sup

ply which is also considered to be a function of the farm 

wage rate ratio. 

Note that with a specification such as this there was 

a considerable improvement in the results. Now all param

eter estimates appear significant at 5 percent probability 

level or better and they esdiibit the expected sign. How

ever, the coefficient of the lagged endogenous variable 

(X^ = ), must be viewed with caution because it is 
"t-l 

greater than one implying that there will be a movement 

away from equilibrium. All parameter estimates of model 7 
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Table 5. Simultaneous equations models of hired farm labor for the east north 
central region 

Constant 
term 

Demand 

Model 5 

4 447.92** 
(75.85) 

3.919**yi + 1.270 + .0020 + .483 X,« 
(.986) ^ (2.554) ^ (.0051) ° (.576) 

.957 

Supply = 481.11** - 3.219**Yi - .717 X_ 
(71.16) (1.041) ^ (1.848) ^ 

+ .511 X, 
(3.191) 8 

.955 

Model 6 

Demand = 496.32** - 3.426**Y^ - .310 X» - .00052 xj 
(52.18) (.741) ^ (1.582) ^ (.0053) * 

.956 

Supply - 486.6** - 32.99**Y^ - .576 X« 
(70.78) (1.036) ̂  (1.838) ^ 

+ .307 X 
(3.170) 8 .956 
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Table 6. Simultaneous equations models of hired farm labor for the east north 
central region 

Constant ^2^ 
term 

Demand Y} = 607.56** - 2.877**YJ 
^ (41.10) (.335) ^ 

Model 7 

6.575**X, 
(.327) " 

- .009**X; 
(.004) T 

1.55 .980 

Supply = -73.71** + .669**YI 
(19.32) (.207) ^ 

+ 1.040**X-
(.032) ' 

1.54 .979 

Demand 607.56** 
(41.10) 

2.877**YI 
(.355) ^ 

Model 8 

- 6.575**X, 
(.327) ' 

.009**X^ 
(.004) T 

1.55 .980 

Supply .133 YJ - 1.262**X_ 
(1.116) ^ (2.582) 

+ .856**x:l 
( .376) -

1.50 .978 
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are presented in Table 6. 

(8) Model 8 Model 8 is essentially the same 

as model 7. The only difference is that a time trend has 

been added to the supply function, slightly altering the 

results. The lagged endogenous variable no longer appears 

with a coefficient greater than one. In addition, the wage 

rate ratio coefficient, although positive, appears as in

significant. 

(9) Model 9 To the demand function of the 

previous model the prices received for farm products vari

able, has been added. The effects of the inclusion of 

X^Q in the model were similar as in model 5. The machinery 

variable coefficient, although it exhibits the expected 

negative sign, is no longer significant; and X^^q appears with 

the expected positive sign, but is not significant. On the 

supply side, the distributed lag assun^tion has been dropped. 

The U.S. unemployment rate variable has replaced the lagged 

endogenous variable with no significant improvement in the 

results. Note that the sign of the wage rate ratio coef

ficient is now negative, 

(10) Model 10 It is essentially the same with 

model 9, though the prices received variable has been 

dropped. The results, however, show no significant change. 

All parameter estimates of model 10 are found in Table 7. 
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Table 7. Simultaneous equations models of hired farm labor for the east north 
central region 

Constant 
term ° 

Model 9 

Demand = 510.81** - 2.997**YJ - 5.768**X„ - .0037 xi+.652 « 1.57 .958 
(78.34) (.754) ^ (.984) ^ (.0064) ^ (.604) 

Supply = 454.88**-1.680**Y&-6.909**X_ + 2.763 Xp 
(63.48) (.550) ^ (.354) (2.646) 

1.32 .955 

Model 10 

Demand = 563.22 -2.509**Y^-6.667**X^-.0060 X^ 1.42 .956 
^ (66.36) (.542) ^ (.491) (.0062) * 

Supply = 462.9 - 1.741**YJ - 6.930**X« 
^ (63.10) (.546) ^ (.350) ^ 

+ 2.549 Xq 1.40 .956 
(2 .621)  
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b. Single equation models of the demand for hired 

farm labor in the single equation approach the farm wage 

rate is treated as an exogenous variable; therefore, it is 

lagged one year. If our analysis explains a substantial 

part of the variation in the dependent variable (i.e., the 

quantity of farm labor), the degree of specification error 

must be small. This is confirmed by the equations estimated 

using both simultaneous and least squares methods. 

(1) Equation 1 The demand for hired farm 

labor is specified as a function of the farm wage rate 

lagged one year, and of the time trend. The low value of 

the Durbin-Watson statistic is an indication of serial cor

relation in the composite disturbance term; but since the 

specification is not conplete, due to the omission of some 

possible explanatory variables, the actual error term need 

not necessarily be serially correlated. Both explanatory 

variables appear significant with the expected sign. All 

parameter estimates of equation 1 are found in Table 8. 

{ 2 )  Equation 2 This equation is obtained from 

equation 1 by adding the stock value of the farm machinery 

variable which appears as insignificant and with a positive 

coefficient. All parameter estimates are presented in Table 

8 .  
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Table fî. Demand equations for hired farm labor for the east north central region 

Equation Time Constant -2^ 
no. period term 

1 1939-70 = 435.53** - 2.514**x}-, - 1.835**X, .633^ .978 
(22.96) (.394) (.684) ^ 

2 1945-70 = 414.69** - 2.361***!. + .0053 xl - 3.558**X_ .693^ .979 
^ (36.76) (.455) (.0054) ' (1.319) ^ 

3 1945-70 = .173 yé. - .0074**xè + .977**X^ 1.621 .974 
^ (.673) (.002) ' (.180) ^ 

4 1945-70 = 416.16 - 2.372**X,, + .0031 xj - 2.923**X_ .701^ .979 
^ (43.22) (.493) (.0048) ^ (1.018) ^ 
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{ 3 )  Equation 3. In this equation the dis

tributed lag hypothesis has been made. "ïhe farm machinery-

variable and the lag endogenous variable appear with sig

nificant coefficients and with the expected signs, while 

the farm wage rate has a positive but insignificant coef

ficient. All parameter estimates are presented in Table 8. 

(4) Equation 4 The only difference between 

this equation and equation 2 lies in the fact that different 

deflators have been used for the farm machinery variable. 

Signs and significant coefficient levels are similar. 

The single equation method, with respect to the farm 

wage rate and the time trend, gives similar results with the 

simultaneous equation approach. The results concerning the 

farm machinery variable and the distributed lag hypothesis 

are inconclusive since both positive and negative signs for 

the same variable have been obtained. All parameter esti

mates are presented in Table 8. 

c. Single equation models of the supply of hired farm 

labor In equation 1 the wage rate ratio variable (i.e., 

farm/nonfarm) lagged one year appears with negative sign. 

In equation 2, where the distributed lag adjustment has been 

hypothesized/ all variables exhibit significant coefficients 

at a 5 percent probability level or better and show the ex

pected signs as well. In equation 3 the wage rate ratio 

appears again with a negative sign. Equation 4 is a 
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combination of the previous two equations, 2 and 3. Al

though the wage rate ratio and the lagged endogenous vari

ables appear significant with the expected signs, the U.S. 

unemployment rate appears insignificant but with the expected 

sign. All parameter estimates of equations 1, 2, 3, and 4 

are presented in Table 9. 

d. Summary In the simultaneous equation case the 

models from 1 through 6, though providing little explanation 

about the hired farm labor market, show gradual improvement 

in the results when a more appropriate variable is included. 

The more complete models 7, 8, 9, and 10 support the hy

pothesis that the demand for hired farm labor is a function 

of its relative price, the stock value of farm machinery, 

and of the time trend used as a technology variable. The 

"index of prices received variable", although exhibiting the 

expected sign, appears =HS insignificant (model 9). 

The same models, and the single supply equations 2 and 

4 of Table 9, support the hypothesis that the supply of 

hired farm labor is a function of the farm wage rate, the 

nonfarm wage rate, the time trend; and that it reacts with 

a lag in adjustment. This specification, however, is not 

viewed as being coitÇ)letely satisfactory because when the 

rate of unemployment is introduced the wage rate ratio 

variable appears with a negative sign. One or more ex

planatory variables, together with the wage rate in 
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Table 9. Supply equations of hired farm labor for the east north central region 

Eq. Time Constant ^ ^2^ 
no, period term 

2 1939-70 =-163.23 **+ 1.058**xJ; - 1.464**X2 + 1.170**X^ 
1 (81.45) (.340) (1.033) (.152) 

1 192)9-70 Y^- = 440.47 ** _ 1.535**X^2 - 6.331**X2 .454^ .965 
^ (36.54) (.373) (.325) ^ 

1.64 .989 

3 1939-70 = 354.40 **- .840**X^2 - 5.821**X2 4- 2.649**Xg .40^ .939 
1 (47.73) (.439) (.360) ^ (1.047) ® 

4 1939-70 =-151.30 ** + 1.087**x]'g4- 1.161 X^ +1.105**X^+ .654 Xg 1.63 .990 
1 (82.78) (.402) (1.089) ^ (.169) (.723) " 
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manufacture and the U.S. unemployment rate, should be in

cluded in the supply function to show the interdependence 

of the agricultural and nonagricultural labor market. 

The best results concerning the initial hypothesis are 

given by model 8 of Table 6. The Durbin-Watson statistic 

indicates that there is no autocorrelation among the resid

uals at a 1 percent probability level while the coefficients 

of determination of the demand and supply functions are .980 

and .978 respectively. 

A more detailed discussion on the economic implications 

of the results will follow the presentation of all models 

concerning the hired farm labor market in the four production 

regions. The demand and supply elasticities that will be 

estimated will further clarify the analysis. Then it will 

also be possible to make interregional comparisons. 

2. Hired farm labor for the west north central region I 

a. Simultaneous equation models of hired farm labor 

Models 1 through 4 are essentially the same as models 5 

through 8. The only difference lies in the price of labor 

2 
variable. In the first four models the farm wage rate 

has been used, while in the second four the wage rate ratio 

2 
variable Yg has been used. The results in the second group 

(i.e., models 5 through 6) are significantly better Uian 

those of the first group. For these reasons only the second 
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group will be discussed in some detail. 

(1) Models ̂  and 6 Of the two, model 6 is 

more complete. It is derived from 5 by adding the time 

trend to the supply function. The demand is specified as 

a function of the wage rate ratio, the stock value of farm 

machinery, and the time trend. All coefficients are sig

nificant and exhibit the expected signs. It is hypothesized 

that the supply reacts in a distributed lag fashion. All 

the supply coefficients are significant exhibiting the ex

pected signs. All parameter estimates of models 5 and 6 

are presented in Table 12. 

(2) Models 2 aiid 8 Model 7 is derived from 

model 8 by including in the demand function variable 

which is an index of prices received for farm products. 

The inclusion of which appears with the expected pos

itive but insignificant coefficient, does not change the 

results. All other variables appear with significant co

efficients and show the expected signs. All parameter 

estimates of models 7 and 8 are presented in Table 13. 

b. Single equation models of the demand for hired 

farm labor Equations 2 and 3 include the farm machinery 

variable though with different deflators. The use as a 

deflator of the price index of farm machinery slightly re

duced the standard error of its coefficient, (i.e., from 

.004 to .003). In equations 4 and 5 the distributed lag 



www.manaraa.com

Table 10, Simultaneous equations models of hired farm labor for the west north 
central region (I) 

Constant 
term 

a «b 
d 

Demand Y, = 361.77** 
(45.28) 

Model 1 

- 1.527**y? - 1.318**Xo - .0018**xi 
(.499) (.751) (.00035) 

,978 

Supply Y, = .00018 Y' 
(.757) 

+ 1.015**x; 
(.205) -

.974 

Demand 

Supply 

Yf = 

YT = 

351.77** 
(45.28) 

Model 2 

- 1.527**Y? - 1.318**X^ - .0018**xi 
(.499) 

1.467**Y^ 
(.501) 

(.751) 

- 3.261**X, 
(.503) ' 

(.00035) 

+ .663**x; 
(.132) ' 

.978 

.976 
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Table 11. Simultaneous equations models of hired farm labor for the west north 
central region (I) 

Constant 
term 

Model 3 

Demand Y, = 396.05** - 2.016**Y? - .568 X - .00189**X^+ .00582 X,-
(42.73) (.612) *(1.058) (.00037) ^ (.0238) 

.981 

Supply = 2.965**Yi -7.885**X_ 
(.640) * (.753) 

+ 7.872**X 
(1.301) 8 

,976 

Model 4 

Demand Y, = 397.81** -1.927**Yi -.752 X_ 
(41.55) (.457) * (.687) ^ 

-.0019**X 
(.00032) 10 

.978 

Supply Y^ - 2.990**Yi -7.914**X 
(.639) * (.753) 

+ 7.913**X 
(1.298) 8 

,974 
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Table 12. Simultaneous equations models of hired farm labor for the west north 
central region (I) 

Constant 
term ^ * 

Model 5 

Demand Y? = 377.18** - .933**y? - 4.114**%^ - .0246**Xj 
(50.29) (.305) (.325) (.0052) 

1.83 .980 

Supply Yf = -51.19** + .764**Yc 
(9.33) (.134) 

+ .724**%; 
(.061) -

1.50 .976 

Demand Y, = 377.18** 
(50.29) 

Model 6 

- .933**Y? - 4.114**X^ - .0246**%; 
(.305) (.326) (.0052) 

1.83 .980 

Supply Y, = .508**Y% - 1.327**X, 
(.173) (.624) 

+ .522**XÎ 
(.111) -

1.62 .978 
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Table 13. Simultaneous equations models of hired farm labor for the west north 
central region (I) 

Constant 2^ 
term ^ 

Model 7 

Demand = 389.02** - 1.147**Y^ - 4.124**X^ - .0257**X^ +.138 X,_ 1.64 .985 
^ (41.29) (.349) ^ (.297) ^ (.0044) ^ (.254) 

Supply Y? = 65.37**+ .845**Y^ - 3.058**X_ +5.636**Xp 1.74 .980 
^ (28.61) (.183) ^ (.323) (.946) ^ 

Model 8 

Demand Y^ 393.64** - 1.034**Y^ - 4.182**X, - .0260**xJ 1.62 .982 
(40.57) (.246) ^ (.279) (.0043) 

Supply Y? = 63.95**+ .855**Y^ - 3.042**X- + 5.666**X„ 1.59 .979 
(28.60) (.183) ^ (.323) ^ (.943) 
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Table 14. Demand equations of hired farm labor for the west north central 
region (I) 

Eq. Time Constant 
no. period term 

1 1929-70 Y, = 246.53** - .584* X,, - 3.288**X_ .757^ .971 
(36.53) (.437) (.504) 

2 1945-70 Y? = 264.34** - .690**X?, - 1.440**X« - .0168**XH 1.54 .973 
(34.72) (.357) (.754) (.004) ' 

3 1945-70 Y? = 309.18** - 1.054 X?, - 2.120**X-- .0161**xJ 1.53 .978 
^ (35.96) (.353) (.522) ^ (.003) ^ 

4 1945-70 YT = 140.85* - .021 X„ - 1.774**X„ - .010*xf + .300 X, 
^ (94.27) (.591) (.775) ^ (.006) ' (.214) ^ 

1.79 .944 

5 1945-70 Y? = 259.55**- .885**X?, - .021**xH+ (.150)X^ 1.55 .986 
^ (86.35) (.498) (.004) ' (.223) 
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adjustment was hypothesized. The results did not support 

the hypothesis. Equations 1 through 5 show that the low 

value of the Durbin-Watson statistic in the first equation 

is not due to serial correlation between the actual error 

terms. The farm wage rate variable lagged one year is 

treated as an exogenous variable. All estimated parameters 

of equations 1, 2, 3, 4, and 5 are presented in Table 14. 

Ç.  Single equation models of the supply of hired farm 

labor Equation 4 is the result of the combination of 

equations 2 and 3. All variables appear with significant 

coefficients and with the expected signs except for the 

time trend which has a negative but insignificant coeffi

cient. Equation 4 supports the hypothesis that the supply 

of hired farm labor is a function of the farm wage rate, 

the nonfarm wage rate, the U.S. rate of unernployment; and 

it reacts in a distributed lag type of fashion. All es

timated parameters of equations 1, 2, 3, and 4 are pre

sented in Table 15. 

d. Summary Models 5 and 6 of Table 12, 7 and 8 of 

Table 13, and equations 2 through 5 of Table 14, support 

the hypothesis that the demand for hired farm labor is a 

function of the wage rate ratio, of the value of the stock 

of farm machinery, and of the time trend. The "prices 

received variable", X^g, exhibits the expected positive 

sign (Table 13, model 7), but it is not significant. The 
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Table 15, Supply equations of hired farm labor for the west north region (I) 

Eq. Time Constant «2^ 
no. period term 

1 1939-70 Y? = 141.47**+ .390* - 3.208**X, .79^ .972 
^ (39.19) (.269) (.521) 

2 1939-70 Y? = .475**X?^- .632**X^ + .629**X? 1.43 .984 
^ (.207) (.688) (.137) ^ 

3 1939-70 Y? = 128.47** + .431* X?^ - 3.016**X„+ .993*Xp .77^ .974 
(37.9) (.258) (.506) (.505) ^ 

4 1939-70 Y? = .503**x2 - .606 X_ + .599**X? + .790**Xq 1.46 .986 
(.196) (.651) ^ (.131) (.385) 
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same models as well as equation 4 of Table 15, support the 

hypothesis that the supply of hired farm labor is a func

tion of the relative wage rate, of the U.S. rate of unem

ployment, of the time trend; and it reacts with a distributed 

lag. 

Hired farm labor for the west north central region II 

a. Simultaneous eguation models of hired farm labor 

As in the west north central region I, models 1 through 4 

of Tables 16 and 17 are similar with models 5 through 8 of 

Tables 18 and 19. They differ only on the price of labor 

variable. Models 5 through 8 are more complete and have a 

better ei^lanatory power; however. Tables 16 and 17 have 

been included for the purpose of showing the model building 

process and the impact of omitting or including one or 

more explanatory variables. 

(1) Models _5 and 6 Model 5 is derived from 

model 5 by adding to the supply function the time trend 

variable, Xg. The demand is specified as a function of the 

wage rate, the stock value of farm machinery, and the time 

trend. All coefficients are significant and exhibit the 

expected signs. It has been assumed that the supply re

acts with a distributed lag type of adjustment. All supply 

coefficients are signiricanL and exhibit the sxpectcd 

signs. All parameter estimates of models 5 and 6 are 
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presented in Table 18. 

{ 2 )  Models 2 aiid 8 These models are the 

same with those of Table 13. Model 7 is derived from model 

8 by adding to the demand function the "prices received" 

variable, which appears with the e3q)ected positive 

though insignificant coefficient. All other variables 

appear with significant coefficients exhibiting the ex

pected signs. The results are presented in Table 19. 

b. Single equation models of the demand for hired 

farm labor The farm wage rate variable in the single 

equation approach is treated as exogenous. Therefore, it 

is lagged one year. 

Equations 2 and 4 include the farm machinery variable 

with different deflators. The coefficient of the stock 

value of farm machinery variable, deflated by the price 

index of farm machinery, exhibits a smaller variance. In 

equations 3, 5, and 6 it has been hypothesized that the de

mand for hired farm labor behaves with a distributed lag 

type of adjustment. This assumption has been made because 

the demand for hired farm labor is examined independently 

from the supply. The results support the hypothesis. The 

farm machinery variable also appears significant and with 

the expected negative sign in all equations. All estimated 

parameters of equations 1 through 6 are presented in Table 

20. 
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Table IC). Simultaneous equations models of hired farm labor for the west north 
central region (II) 

1936- Constant _2^ 
1939 term ^ ^ 

Demand = 

3 Supply Y, = 

Model 1 

282.13**-1.602**y5 - .1187 X, - .0120**X^ 
(34.69) (.384) ^ (.5631) (.0028) ° 

- .336 Y] 
(.508) ̂  

+ .892 x: 
(.216) -

.971 

.943 

Demand YT = 283.13* 

Model 2 

-1.602**Y^ - .1187 X« - .0120**X^ 
(.384) ^ (.5631) ^ (.0028) ^ 

.971 

Supply ^ = .617* Y^ -1.617**X_ 
(.428) ^ (.361) ^ 

+ .703**X: 
(.163) " 

.969 
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Table IT. Simultaneous equations models of hired farm labor for the west north 
central region (II) 

1936- Constant 
1939 term 

Model 3 

Demand Y, = 282.8** - 1.491**%^ _ .339 X, - .0124**X^ - .065 
(38.32) (.562) ^ (.948) ^ (.0032) ° (.202) 

,968 

Supply = 1.299**Y1 -4.267**X, 
(.592) ^ (.678) 

+ 4.590**X 
(1.777) 8 .965 

Demand Y, = 

Model 4 

281.56** - 1.596**Y? - .127 X- - .0119**X^ 
(38.04) (.421) ^ (.614) (.0030) ^ 

.967 

Supply Y, = 1.383**Yi -4.363**X« 
(.590) ^ (.675) 

+ 4.727**X 
(1.1169) 8 .962 
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Table 18, Simultaneous equations models of hired farm labor for the west north 
central region (II) 

1936- Constant _2^ 
1939 term ° ^ 

Model 5 

Demand = 287.45** - .988**%% -
^ (35.96) (.237) ^ 

2.576**X_ - .0187**XJ 
(.205) ^ (.0039) ^ 

1.37 .971 

Supply Y, = 36.95** + .429**Y? 
(9.20) (.112) ^ 

+ .853**x: 
( .062)  '  

1.14^ .965 

Model 6 

Demand YX = 287.45** - .988*%% -
^ (.237) 5 

2.576**X„ - .0187**X% 
(.205) ^ (.0039) * 

1.37 .971 

Supply Y, = .214* Yc - .903**X-
(.149) ^ (.446) ^ 

+ .618**X: 
(.130) -

1.25^ .970 
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Table 19. Simultaneous equations models of hired farm labor for the west north 
central region (II) 

1936- Constant 
1939 term ^ ^ 

Model 7 

Dsnand YZ = 268.8** -1.089**%^- 2.387**X_- .0173**X^+ .205 X 
(34.55) (.410) (.297) ^ (.004) ^ (.280) 

1.40 .968 

Supply = 71.48**+ .350**Y% -2.401**X_ 
(25.73) (.176) ^ (.232) ^ 

+ 3.504**X, 
( .862) 8 1.51 .965 

Danand Y, = 

Model 8 

274.51** - .903**Ys - 2.554**X- - .0175**X^ 
(36.19) (.238) ^ (.213) ^ (.004) ° 

1.47 .968 

Supply Yj^ = 61.56** - .419**Y% - 2.323**X_ 
(26.02) (.179) ^ (.232) 

+ 3.706**X 
(.849) 8 1.45 .968 
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Table 20. Demand equations for hired farm labor for the west north central 
region (II) 

Eq. Time Constant «2^ 
no. period term 

1 1939-70 = 173.24** - .569**X^, - 1.861**X« .932 .968 
(24.98) (.297) ^ (.333) 

2 1945-70 YT  = 190.74** - .711**XI T  - .803 X« - .010**x2 .98^ .979 
^ (29.33) (.303) (.620) (.0036) ' 

3 1945-70 = 111.03** - .402 X^T + .440**X^ - .0095**X^ 1.26^ .981 
^ (56.87) (.356) (.219) (.0028) ' 

4 1945-70 = 223.64** - .992**X?, - 1.063**X^ - .010**x| 1.00^ .982 
^ (31.68) (.312) (.452) ^ (.003) ° 

5 1945-70 Yt = 167.75** - .898**X,T + .415*X_ - .010**X^ 1.15^ .980 
(73.85) (.460) (.244) (.003) ^ 

6 1945-70 Y? = 78.99 - .112 X^^ + .468**X^ - .004 X^ - 1.146**X^ 1.34% .985 
(72.21) (.494) (.214) (.0038)^ (.418) ^ 
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c. Single equation models of the supply of hired farm 

labor Equations 1 through 4 are similar to those of 

Table 15. Equation 4, which is a combination of the pre

vious equations, supports the hypothesis that the supply 

of hired farm labor is a function of the relative wage rate 

(i.e., farm/nonfarm)/ the nonfarm wage rate, and the U.S. 

rate of unemployment; it reacts with a distributed lag. 

All parameter estimates are shown in Table 21. 

d. Summary The conclusions concerning the hired 

farm labor market in this region are similar with those of 

the previous region. Models 5 and 6 of Table 18, 7 and 8 

of Table 19, and equations 2 through 6 support the hy

pothesis that the demand for hired farm labor in this re

gion is a function of the relative wage rate, of the value 

of the stock of farm machinery, and of the time trend. 

Again "the prices received" variable, though exhibiting the 

ejected sign, does not appear significant (Table 19, model 

7). The same models, as well as equation 4 of Table 21, 

support the hypothesis that the supply of hired farm labor 

is a function of the relative wage rate, of the U.S. unem

ployment rate, and of the time trend; it reacts with a 

distributed lag. 
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Table 21. Supply equations of hired farm labor for the west north central 
region (II) 

Eq. Time Constant -2^ 
no. period term 

1 1939-70 = 130.96** - .0403 - 2.504**X« .66^ .963 
^ (25.82) (.193) (.270) ^ 

2 1929-70 Y? = .114 X,- - .668*X_ + .689**X^ 1.23^ .980 
^ (.148) (.435) ^ (.145) 

3 1939-70 Y? = 111.39**+ .068 X,^- 2.286**X«+ .709**Xp .66^ .968 
^ (26.76) (.193) (.282) ^ (.373) ^ 

4 19:19-70 Y? = .184 Xi-- .616*X_ + .651**X^ + .509**Xp 1.25^ .983 
(.148) (.420) ^ (.141) (.285) 
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4. Hired farm labor for the north central region 

a. Simultaneous equation models of hired farm labor 

The data concerning the north central region is obtained by 

pooling the data of the three subregions; similarly, the 

same hypothesis will be tested. Models 1 through 4 of 

Tables 22 and 23 are similar with the models 5 through 8 of 

Tables 24 and 25. The only difference lies in the price of 

farm labor variable. In the first group the farm wage rate 

variable is used, while in the second group the wage 

4 
rate ratio variable Yg is used. 

(1) Models 5 and 6 These models are the 

same with models 5 and 6 of the previous two regions. Model 

6 is derived from 5 by adding the time trend to the supply. 

The results in all models concerning the north central re

gion are influenced by the fact that the data of the east 

north central region is included. For instance, in model 6 

all coefficients appear with the expected signs; however, the 

"wage rate ratio" variable Y^ is not significant. Most of 

the estimated coefficients, though they are significant, 

exhibit greater standard errors. All parameter estimates 

of models 5 and 6 are presented in Table 24. 

(2) Models 1_ and 8 Model 7 is obtained from 

model 8 by adding the prices received variable, which 

appears to be significant for the first time at a 10 percent 

probability level. All demand coefficients appear significant 
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with the expected signs. On the supply side, however, 

the wage rate ratio coefficient appears with a sign 

opposite than that e3q)ected; the U.S. unemployment var

iable appears with the expected positive coefficient. The 

results of the ENC region, as well as the results of the 

whole NC region, reinforce the idea that the supply func

tion of hired farm labor is more complex in more indus

trialized areas. The not so favorable results concerning 

the supply function can also be contributed partly to the 

deterioration in the quality of data at higher aggregation 

levels. All parameter estimates of models 7 and 8 are 

presented in Table 25. 

b. Single equation models of the demand for hired 

farm labor The effect of different deflators on the 

farm machinery variable is shown by equations 2 and 3. The 

price index of farm machinery is considered as a better 

deflator for our purpose than the index of prices paid for 

production expenses because it yields a higher value for 

the estimated coefficient with a smaller standard error 

(i.e., .00575 with standard error .00306 instead of .00512 

with .00369). In equation 4 the distributed lag hypothesis 

is made, but the most important explanatory variable (i.e., 

the farm wage rate) appears as insignificant. All parameter 

estimates of equations 1, 2, 3, and 4 are presented in 

Table 26. 
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Table 2:2, Simultaneous equations models of hired farm labor for the north central 
region 

Constant 
term ^ ^ 

Model 1 

Demand Y* = 1338.4** - 8.496**Y% - 2.112* - .0092**X^ 
^ (102.8) (1.214) ^ (1.744) (.0027) ^ 

.985 

Supply y7 = .709**Y1 
(.343) 

+ i.io5**x: 
(.297) -

.969 

Model 2 

Demand Y^ = 1338.4** - 8.496**Y^ - 2.112* - .0092**xJ 
^ (1.744) ^ (.0027) ° 

.985 

Supply Y; = 1.385 Y: - 5.385**X_ 
(2.472) ^ (1.159) ^ 

.758**X: 
( .226) -

.983 
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Table 23. Simultaneous equations models of hired farm labor for the north central 
region 

Constant -,2^ 
term ^ ^ 

Model 3 

Demand YT = = 1257.7**-10.121**Yt+1.446 - .0060*X^ + 1.288 X,^ 
(136.8) (2.419) ^ (4.170) ^ (.0039) ̂  (.994) 

.977 

Supply - 633.9**- .623 YT + 12.906**X_ 
(184.7) (2.195) ^ (2.457) ^ 

+12.916**X 
(4.719) 8 

,975 

Demand Y, = 

Model 4 

1315.7** -8.225**Y^ - 2.473 X_- .0088**X^ 
(135.8) (1.607) ^ (2.284) (.0034) * 

.976 

Supply Yj^ = 653.9**- .862 Y% - 12.642**X_ 
(192.9) (2.292) * (2.562) ^ 

+12.496**X 
(4.857) 8 

.973 
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Table 24. Simultaneous equations models of hired farm labor for the north central 
region 

Constant _2^ 
term " 

Demand Y, = 1411.7** 
(113.2) 

- 5.481**Y: -
(.783) ^ 

Model 5 

15.933**X, 
(.734) ' 

- .01788**X; 
(.0036) ^ 

1.41 .985 

Supply = -129.06** + 1.509**Y* 
(26.98) (.357) 

+ .918**x: 
(.0419) -

1.26 .983 

Demand Y, = 1411.7** 
(113.2) 

- 5.481**Y: -
(.783) 

Model 6 

15.933**X_ - .0178**xj 
(.734) (.0036) 

1.41 .985 

Supply Y, = .428 Y: - 4.066* X, 
(.763) (2.559) 

+ .703**xt 
(.141) 

1.35 .979 
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Table 25. Simultaneous equations models of hired farm labor for the north central 
region 

Constant 
term ° ^ 

Model 7 

Demand Y, = 1250.4**-6.053**Yc-14.637**X« - .0140**X^+ 1.445*Xt» 
(135.9) (1.447) ^ (1.087) ^ (.0043) ° (1.022) 

1.57 .977 

Supply = 615.7**- .249 Y:-13.884**X_ 
^ (108.7) (.789) ^ (1.031) 

+ 13.244**X= 1.48 
(3.644) 8 .974 

Denand Y, = 

Model 8 

1315.5** - 4.810**Yç -15.630**X_- .0154**X^ 
(135.8) (.940) ^ (.891) (.0043) * 

1.50 .975 

Supply yÎ = 622.9** - .303 Y^ - 13.946**X^ 
(110.9) (.805) ^ (1.047) ^ 

+ 13.081**X« 1.45 
(3.674) 8 .968 
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Table 25. Demand equations for hired farm labor for the north central region 

Eq. Time Constant _2^ 
no. period term 

1 1939-70 yf = 1011.0** - 5.168**xf, - 7.034**X_ .67^ .981 
^ (87.10) (1.132) (1.239) 

2 1945-70 yf = 1021.2** - 5.259**xf, - 6.217**X_ - .00512*X^ 1.15^ .988 
^ (95.73) (1.060) (2.127) (.00369) ' 

3 1945-70 yf = 1077.9** - 5.727**x!f, - 6.628**X_ - .00575**xf 
^ (103.4) (1.092) (1.514) (.00306) ° 

4 1945-70 yf = - 1.265 xf^ + .832**xt - .00684**xJ 
^ (2.249) (.211) ^ (.0031) ^ 

1.18^ .989 

1.23^ .987 
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ç. Single equation models of the supply of hired 

farm labor Equation 4 is a combination of equations 2 

and 3. The results in equation 4 support the hypothesis 

that the supply of hired farm labor reacts with a dis

tributed lag and depends on the U.S. level of unemployment. 

All parameter estimates of equations 1, 2, 3, and 4 are 

presented in Table 27. 

d. Summary In all three subregions (i.e., ENC, 

WNCj, WNC^j), and in the north central region as a whole, 

the results of the empirical analysis support the hy

pothesis that the demand for hired farm labor is a func

tion of the relative wage rate, of the stock value of farm 

machinery, and of the time trend used as a technology var

iable. The results concerning "the prices received var

iable are inconclusive"; this variable appeared only in 

one case with a significant coefficient (Table 25, model 7), 

while in all other cases appeared to be insignificant but 

with the expected positive sign. 

For the two subregions (i.e., WNC^ and WNC^^), as well 

as for the whole north central region, the results support 

the hypothesis that the supply of hired farm labor is a 

function of the relative wage rate, of a time trend, and 

of the U.S. unemployment rate; it reacts with a distributed 

lag. In the east north central region where the conditions 

are more complex the U.S. unemployment rate does not appear 
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Table 2:7. Supply equations of hired farm labor for the north central region 

Eq. Tdme Constant 2^ 
no. period term 

1 1939-70 YJ = 781.92** -1.328 xf, - 13.958 X, .50^ .968 
(128.24) (1.019) (1.433) ^ 

2 1939-70 yf = 1.380**xf„+ .688 X„ + .912 x!j 1.18% .988 
(.745) (2.327) ^ (.134) ^ 

3 1939-70 Y? = 640.28** - .497 X?. - 12.274**X„+ 5.271 Xp .49^ .978 
^ (116.76) (.901) (1.315) ^ (1.544) * 

4 1939-70 Yf = 1.347**xf„- .564 X_ + .794**X^+ 2.009*Xp 1.10^ .989 
(.724) (2.392) ^ (.150) (1.251) 
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significant. 

It should be noted that the results of the analysis 

deteriorate as we move to a less homogeneous region from 

a production point of view. This can be attributed to a 

number of reasons, particularly, that the model becomes 

too simple to deal with the complex relationships in more 

industrialized regions, and that the quality of data 

deteriorates at higher levels of aggregation. 

Demand and supplv elasticities of hired farm labor 

The price elasticity of demand (supply) shows the 

responsiveness of the demand for (supply of) hired farm 

labor to a change in the relative wage rate. 

Table 28 shows estimated demand and supply elas

ticities for the four production regions, taken at the mean. 

Since it has been hypothesized that only the supply function 

reacts with a distributed lag, long run elasticities have 

been estimated only for the supply. 

The elasticity of demand with respect to the value of 

the stock of farm machinery denotes the responsiveness of 

the demand for hired farm labor to a change in the value of 

the stock of fam machinery. The price elasticities of 

demand range from .815 to 1.430. The short run price 

elasticities of Supply range from .294 tc .444. The 

elasticities in Table 28 show that the demand for hired 
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farm labor appears rather elastic, showing a greater degree 

of elasticity in the ENC region. The short run price elas

ticity of supply shows that the supply of hired farm labor 

is inelastic in the short run. In the long run, however, 

it becomes considerably more elastic ranging from .770 to 

.929.^ The short run elasticities of demand with respect 

to the stock value of the farm machinery variable range 

from .200 to .571. These low elasticities of demand show 

that in the short run the substitution of machinery capital 

for labor is very limited. 

6. Implications 

In the preceding analysis there were two proxies which 

were tested as indicators of the price of farm labor. The 

first proxy was the farm wage rate, and the second was the 

ratio of the farm wage rate to the wage rate in manufactur

ing. In all regions the demand for hired farm labor was 

found to be responsive to changes in the farm wage rate. 

However, the supply function did not behave in the same 

way. In the ENC region the parameter estimate of the farm 

wage rate in all models which were tested appeared with a 

The value of 4.805 for the long run supply elasticity 
for the Hhole north central regn on is viewed with scepticism 
since the adjustment coefficient appears unusually small. 
No long run supply elasticity was estimated for the ENC re
gion because the model shows a negative coefficient of 
adjustment. 
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Table 28. Short and long run elasticities of the demand 
for and supply of hired farm labor estimated at 
the mean 

1-Y 

Adjust, 
coeff. 

Y 

Quant, 
f. labor 

^1 

Index of 
w. rate 

?5 
dYi 

dY5 

Table 6, rtodel 
Demand/ E.N.C. 

7/ 
— —  — —  181 88.25 2.877 

Table 6, Model 
Supply, E.N.C. 

7/ 
— —  — —  181 82.25 .669 

Table 12/ Model 
Demand/ W.N.C. 

6/ 
(I) — —  — —  125.2 109.54 .933 

Table 12/ Model 
Supply/ W.N.C. 

VO 
H
 

.522 .478 125.2 109.54 .508 

Table 18/ Model S, 
Demand/ W.N.C.(II) 80 110.01 .988 . 

Table 18/ Model 6 
Supply/ W.N.C.(II) .618 .382 80 110.01 .214 

Table 24/ Model 5/ 
Demand/ N.C. —  —  —  —  386.3 100.69 5.481 

Table 24/ Model 5/ 
Supply/ N.C. .918 .082 386.3 100.69 1.509 

1—"Y* — 

r = 

coefficient of the lagged 
endogenous variable 
coefficient of adjustment 
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S. run L. run F. mach. S. run 
elast. elast. value elast. 

Is 
*6 

dYi =6 

Yl 
®SR ®LR *6 ^6 Yl 

®SR 

.488 1.410 — —  4016.5 .009 22.19 .200 

.488 .326 — —  — — — — —  

.874 .815 2906.6 .0246 23.21 .571 

.874 .444 .929 —  —  —  —  —  —  

1.375 1.358 2680.9 .0187 33.51 .626 

1.375 .294 .770 — —  —  —  —  —  

.261 1.430 9604.0 .0178 24.86 .442 

.261 .394 4.805 
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negative or insignificant coefficient; while in WNC^, 

WNCjj, and NC regions the results concerning the supply of 

hired farm labor were slightly better. The introduction of 

the relative farm wage rate improved the results consider

ably in all regions, especially on the supply side. One 

possible explanation of this fact is that farm operators 

will demand more hired farm labor when its price is low 

in a relative or in an absolute sense, but that hired farm 

workers are willing to supply more labor only if the wages 

that they receive have been improved in relation to the 

nonfarm wages. 

Although no distributed lag model was hypothesized for 

the demand for hired farm labor, it is expected that its 

elasticity will increase in the long run. The high long 

run elasticity coefficient for the supply in the NC region 

implies that the elasticity of demand for hired farm labor 

is higher in more industrialized areas. The results of 

the empirical analysis concerning this region can be 

interpreted in the following way. 

In the short run: A shift of the demand for hired 

farm labor to the left due to technological innovations will 

cause a minor reduction in farm employment and a major re

duction in the farm wage rates. The overall effect will be 

negative in relation to farm wages and incomes. In order 

to prevent this drastic fall in wages, the supply curve 
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must shift to the left. This would happen if favorable 

conditions prevailed in the economy as a whole. One of 

the national economic indicators which has been incorporated 

in the supply function is the rate of unemployment. A re

duction in the U.S. rate of unemployment will cause the 

supply curve to shift to the left. It is also expected 

that the various educational programs will increase the 

skills of the farm labor force, thus making it more suit

able for nonfarm work, and will improve the information 

concerning off farm employment opportunities. This will 

cause the supply curve to shift to the left. The combined 

effect of the forementioned supply shifters is expected 

to be expressed through the time trend variable which 

appears significant in all regions. 

In the long run: Since the results concerning the 

north central region support the hypothesis that the sup

ply of hired farm labor is elastic in the long run, the 

overall impact caused by a shift of the demand curve to 

the left will be more on the farm employment level than on 

the farm wage rate. If we assume that farm prices and total 

farm output remain constant, a drastic drop in hired farm 

employment will have a positive effect in increasing the 

per capita farm income. Furthermore, a simultaneous shift 

of the supply curve to the left will improve the income 

situation of hired farm workers. It is also expected that 
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the various programs which increase the skills and the 

educational level of the hired farm workers will tend to 

shorten the period needed to adjust to new economic con

ditions. This will be reflected in the distributed lag 

models through an increase in the adjustment coefficient 

over time. A shorter period of adjustment would imply 

improved living conditions for the hired farm labor force. 

The positive but insignificant coefficient of "the 

index of prices received" variable implies that farm op

erators view a rise or a drop in farm prices as a short 

run phenomenon; therefore, it is expected that farm oper

ators and their family members would rather intensify their 

work than hire additional farm workers in case of a rise in 

the price of farm products. The results of the subsequent 

analysis of the family farm labor market corroborate this 

interpretation. 

The short run cross elasticities of demand for hired 

farm labor with respect to the value of the stock of farm 

machinery and equipment in^ly that the response of the 

demand for hired farm labor to changes of this variable is 

low. The results also show that the price index of farm 

machinery is a better deflator than the index of prices 

paid for farm products. 

Finally, the two statistical procedures (i.e., the 

simultaneous equation estimation and single equation 
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estimation) which were employed in the empirical analysis 

yield similar results. 

C. Family Farm Labor 

1. Family farm labor for the east north central region 

a. Simultaneous equation models of family farm labor 

The hypothesis we are going to test concerning the family 

farm labor is similar with the one concerning the hired 

farm labor. However, a different proxy was tried as 

the price of family farm labor. The net farm income per 

family member was considered as the most appropriate var

iable for this purpose; but since state data concerning 

net farm income are not reported earlier than 1949, and 

since gross farm income is highly correlated to net farm 

income, a proxy consisting of the gross per capita income 

was used. 

(1) Models 1 and 2 Model 2 is derived from 

model 1 by including in the supply function the time trend. 

The demand for family farm labor is specified as being a 

function of the gross per capita farm income, the stock 

value of farm machinery, and a time trend. The supply is 

considered to be a function of gross per capita income and 

of a time trend; in addition, it is assumed that it reacts 

with a distributed lag. All coefficients concerning the 

demand appear with the expected sign and are significant 
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except for the coefficient for the time trend. The supply 

coefficients appear significant except for the price vari

able, which appears with the opposite sign than expected. 

All parameter estimates of models 1 and 2 are presented in 

Table 29. 

(^) Models 3  and 4 Model 3 results from 

model 4 by including in the demand the "prices received" 

variable, X^g, which is significant and has the expected 

sign. The time trend and the farm machinery variable ap

pear with the expected sign but are not significant, while 

the "per capita income" variable appears negative as ex

pected. On the supply side the U.S. unemployment rate 

variable appears with an insignificant coefficient, and the 

"per capita income" variable appears with the opposite 

sign. All parameter estimates of models 3 and 4 are pre

sented in Table 30. 

Tables 31, 32 and 33 contain basically the same 

models as Tables 29 and 30. The only difference lies in 

the use of the relative wage rate (i.e., variable Y^) as 

a proxy for the price of family farm labor. The results 

are slightly improved in model 5, where the wage rate co

efficient of the supply function appears for the first 

time with a positive sign. 
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Table 29 ,  Simultaneous equations models of family farm labor for the east north 
central region 

Constant _2^ 
term * 

Demand yÎ = 2189,7** - .406**yJ 
(140.6) (.077) ^ 

Model 1 

• 1.453 - .0475**xJ 
(6.858) (.0265) ® 

2.52 .982 

Supply 
A 

- .500 YÎ 
(1.352) 

+ .931**xj 
(.297) 

1.55 .971 

Demand 
4 2189.7** 

(140.6) 
- .406**Yi -
(.077) ^ 

Model 2 

1.453 X„ - .0475**X^ 
(6.868) (.0265) ^ 

2.52 .982 

Supply 971.4** 
(548.0) 

.104 YÎ 
(.109) ° 

- 10.481**X, 
(2.896) " 

+ .482**xj 
( .268) 

2.50 .974 
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Table 30. Simultaneous equations models of family farm labor for the east north 
central region 

constant 
term d R 

Model 3 

Demand yÎ = 1187.3** - .378**yi - 2.717 X_ - .0149 + 5.586**X,^ 
^ (345.6) (.120) ^(13.472) ^ (.0273) ̂  (2.859) 

1.61 .972 

Supply yÎ = 1872.1 - .219**yJ - 17.159**X« 
^ (98.1) (.062) ^ (4.257) ^ 

+ 1.473 Xp 
(9.946) ̂  

1.07 .967 

Model 4 

Demand = 1882.6** -.232**Yi - 16.62 X«- .0041 xi 
(141.5) (.076) ^ (6.862)^ (.0282) * 

1.31 .969 

Supply vi = 1912.6** - .246**Yi - 15.337 X_ 
^ (94.11) (.060) ^ (4.092) 

- 1.362 X 
(9.433) 8 

1.30 .962 
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Table 31. Simultaneous equations models of family farm labor for the east north 
central region 

constant _2^ 
term ° 

Model 5 

Demand ïi = 2574.7** - 9.153**Yi -
^ (211.8) (1.732) 3 

34.600**X_ - .00215 
(1.554) ^ (.01957) ° 

2.51 .974 

Supply yÎ = -367.09** + 3.531**Yi 
^ (97.02) (1.065) 

+ 1.016**xi 
(.032) ^ 

2.31 .970 

Demand 2574.7** 
(211.8) 

9.153**YJ 
(1.732) 

Model 6 

34.60**X_ - .00125 xj 
(1.554) (.01957) ° 

2.51 .974 

Supply 8.086 yJ 
(8.526) 

- 32.150* X, 
(23.416) " 

+ .755 Xj 
(.686) 

2.40 .965 
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Table 32. Simultaneous equations models of family farm lalaor for the east north 
central region 

Constant 2^ 
term ^ 

Model 7 

Demand = 1994.7** - 9.247**YJ - 30.383**X.+ .0305 xj + 3.504*XT^ 1.61 .973 
^ (306.6) (2.952) ^ (3.854) ^ (.0252) ^ (2.364) 

Supply YÎ = 2535.1**-8.580**Y^-34.280**X_ -6.250 X. 1.18 .964 
(258.8) (2.242) ^ (1.442) ^ (10.785) 

Model 8 

Demand = 2276.2** - 6.676**YJ - 35.219**X,+ .0182 XJ 1.31 .968 
(265.8) (2.173) ^ (1.968) (.0247) ^ 

Supply Y^ = 2583.6**-9.005**YJ - 34.42**X„ - 7.732 X* 1.30 .946 
^ (252.8) (1.401) ^ (1.401) (10.500) 
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Table 33. Simultaneous equations models of family farm labor for the east north 
central region 

Constant _2^ 
term ° ^ 

Demand 2557.5** - 9.033**yJ 
(122.8) (1.200) ^ 

Model 9 

34.732**X, 
(1.074) ' 

2.60 

Supply -382.1** + 3.708**Y1 
(95.54) (1.050) ^ 

+ 1.015**%: 
(.031) 4 

2.40 
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b. Summary Considering the more complex condi

tions of the family farm labor market in the east north 

central region, the inclusion of a variable expressing 

nonfarm income returns in the model, either alone or as 

a relative income ratio, is expected to improve the re

sults, particularly on the supply side. The prices re

ceived variable appears significant and positive, while 

the results concerning the farm machinery variable are 

inconclusive since its estimated coefficient appears with 

either a negative or a positive sign. The same conclu

sion holds for the U.S. unemployment rate. In model 9 of 

Table 33, when the farm machinery variable was not included 

in the demand function, the coefficients of the remaining 

variables in both the demand and the supply equations ap

pear as expected; however, the lagged endogenous variable 

on the supply side exhibits a coefficient larger than one, 

implying a movement away from equilibrium which is not 

considered as realistic. 

2 ,  Family farm labor for the west north central region I 

a. Simultaneous equation models of family farm labor 

(1) Models 1 and 2 Models 1 and 2 are similar 

with models 1 and 2 of the ENC region. The results, how

ever, are much better in this region^ A13 coefficients in 

model 2 are significant and exhibit the expected signs. 
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Furthermore, they support the hypothesis that the demand 

for family farm labor is a function of the per capita gross 

farm income, the stock value of farm machinery, and the time 

trend; that the supply is a function of the per capita gross 

farm income and the time trend, and that it reacts with a 

distributed lag. All parameter estimates of models 1 and 

2 are presented in Table 34. 

(2) Model 3  The estimated coefficients sup

port the hypothesis that the demand for hired farm labor 

is a function of all variables mentioned in model 2, and 

of the "prices received for farm products" variable. The 

distributed lag hypothesis has been relaxed, and the U.S. 

unemployment rate which has been included in the supply 

function is significant exhibiting the expected positive 

sign. The estimated parameters of model 3 are presented 

in Table 35. 

Tables 36 and 37 include the models 5, 5, 7, and 8 

which are similar with models 1, 2, 3, and 4. They only 

differ in the price of family farm labor variable. The 

second group includes the relative wage rate instead of 

the gross per capita farm income. All variables, exclud

ing the "prices received", appear with significant coef

ficients and expected signs. 
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Table 3:4. Simultaneous equations models of family farm labor for the west north 
central region (I) 

1936- Constant _2^ 
1939 term ^ 

Model 1 

Demand = 

Supply = 

1425.2** 
(60.44) 

-121.3 
(104.6) 

.1000**Y7 - 7.337**X_ - .0883**X' 
(.0262) ^ (3.321) ^ (.0189) ^ 

- .0153 Y' 
(.0185) ^ 

+ 1.080**X' 
(.073) ^ 

1.23^ .992 

.54^ .823 

Demand Y« = 

Model 2 

1452.2 - .1000**Yt - 7.337**X^ - .0883**X 
(60.44)(.0262) (3.321) (.0189) 

1.23^ .992 

Supply Y^ = 505.54**+ .0241**Y^ - 12.187**X„ 
(140.28) (.0126) ^ (2.353) ^ 

+ .540**X' 
(.115) 

1.14^ .984 
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Table 115. Simultaneous equations models of family farm labor for the west north 
central region (I) 

Constant 
term ^ * 

Model 3 

Demand = 1153.8** - .1154**Y^ - 3.669 X„ - .0727**X^+1.815*X,^ 1.16^ .990 
(143.28) (.0442) ^ (6.557) (.0191) ^ (1.273) 

Supply = 1063.4** + .0415**Y.^ - 25.120**X« + 13.078**Xp 1.10% .987 
^ (29.87) (.0151) ^ (1.292) (3.350) 

Model 4 

^ (58.51) (.0251) ^ (3.211) ^ (.0187) ^ 
Demand Y? = 1370.4** - .0754**Y? - 10.365**X„ - .0726**X? .991 

Supply y^ = 1062.1** + .0423**y| - 25.178**X„ +13.166**Xp 1.10% .985 
^ (30.60) (.0156) ^ (1.326) (3.389) 
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Table 36. Simultaneous equations models for family farm labor for the west north 
central region (I) 

Constant 
term ^ 

Model 5 

Demand = 1726.6** - 3.214**Y= -
(139.1) (.842) 

21.826**X_ - .0706**XT 
(.969) ^ (.0149) G 

1.23^ .992 

Supply - -129.44 + 1.931**Y^ 
(28.35) (.465) " 

+ .872**X' 
(.043) 

.94^ .989 

Model 6 

Demand Yo = 1726.6** - 3.214**Yc -
(139.1) (.842) 

21.826**X_ - .0706**Xf 
(.969) ^ (.0149) G 

1.23^ .992 

Supply Yt - 348.7** + 1.031**Yf - 7.853**X, 
(187.4) (.542) (3.050) 

+ .574**xj 
(.121) < 

1.20^ .984 
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Table 'M. Simultaneous equations models of family farm labor for the west north 
central region (I) 

Constant 
term ^ ^ 

Model 7 

Demand = 1637.5** -  3.459**Y^ -  21.225**X„ - .0631*X^+ .785 X,« 1.14^ .990 
(156.8) (1.323) ^ (1.127) ^ (.0168) ^ (.967) 

Supply = 840.9** + 1.903**YP -  18.701**X- + 14.148**X Q  1.13^ .990 
^ (108.1) (.691) ^ (1.221) ^ (3.576) " 

Model 8 

Demand Y^ = 1663.8** -  2.813**Y^ -  21.555**X^ -  .0648**X^ 1.10% .991 
^ (154.7) (.937) ^ (1.063) ^ (.0165) ° 

Supply Y^ = 842.5** + 1.893**YC- 18.717**X^ 
^ (109.0) (.698) ^ (1.231) ^ 

+ 14.115**XQ 1.10^ .990 
(3.596) 
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b. Summary Models 2, 3, 6, and 7 support the 

hypothesis that the demand for family farm labor is a 

function of gross per capita farm income, the stock value 

of farm machinery, and the index of prices received for 

farm products; and that the supply of family farm labor 

is a function of the gross per capita farm income, the 

time trend, and the U.S. unemployment rate. Although the 

distributed lag assumption is supported by models 2 and 6; 

another distributed lag model, which will incorporate the 

U.S. unemployment variable, must be tested. 

2" Simultaneous equation models of family farm labor for 

the west north central region II 

a. Tables 38, 39, 40, and 41 Models 1 through 8 

are the same as models 1 through 8 of the previous region 

with respect to the structure of the demand for and supply 

of family farm labor. The results are also similar due to 

the fact that both regions are more homogeneous from a 

production point of view than is the east north central 

region. The Durbin-Watson statistic in most of the equa

tions appears higher than before, and it is used as an 

indicator that there is no serial correlation among the 

residuals. For the previous (WNC^) region, in most equa-

T.ra c 4 Yi non e O ^ A 7 

support the hypothesis that the demand for family farm 

labor is a function of gross per capita farm income, the 



www.manaraa.com

Table 38. Simultaneous equations models of family farm labor for the west north 
central region (II) 

Constant 
term 

Model 1 

Demand Y„ = 885.8** - .0529**Y^ - 1.780 X„ - .0790**X^ 
(37.91) (.0131) ^ (2.805) (.0168) ^ 

1.77 .996 

Supply = 69.66* 
^ (62.76) 

+ .0063 Y: 
(.0063) ^ 

+ 1.078**x: 
(.621) 4 

,50^ .985 

Model 2 

885.8** 
(37.91) 

- .0529**Y: 
(.0131) ^ 

- 1.780 - .0790**X^ 
(2.805) ^ (.0168) ^ 

Demand Y^ = 

Supply Y^ = 388.7** + .0096**Y^ - 9.206**X_ 
^ (68.81) (.0035) ° (1.269) ^ 

+ .441**X: 
(.094) ^ 

1.77 .996 

1.70 .994 
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Table 29. Simultaneous equations models of family farm labor for the west north 
central region (II) 

Constant _2^ 
term ^ ^ 

Model 3 

Demand Y? = 437.8** - .0540**Y? - 1.310 X, - .0436**X^+ 2.732**X,« 1.20^ .994 
^ (113.1) (.0180) ^ (4.813) (.0119) ^ (.970) 

Supply Y? = 681.3**+ .0120**Y^ - 15.664**X« +5.881**Xo 1.15% .992 
(10.15) (.0037) ^ (.531) ^ (1.571) 

Model 4 

Demand yJ = 786.2** - .0179**Y? - 9.205**X„ - .0355**x3 1.09^ 
^ (22^97) (!0075) ^ (l!661) ^ ('.0107) ^ 

.994 

Supply Y^ = 682.9** + .0112**Y^ - 15.561**X„ + 5.645**Xp 1.10^ .991 
^ (11.24) (.0042) ^ (.600) ^ 
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Table 40. Simultaneous equations models of family farm labor for the west north 
central region (II) 

Constant ^2^ 
term ^ 

Demand Y? = 1162.3** - 2.829**Y? 
^ (105.9) (.700) ^ 

Model 5 

13.740**X_ - .0517**XZ 
(.417) ^ (.0104) ^ 

1.77 .996 

Supply = -131.8** + 1.602**Yc 
(25.02) (.338) -

+ .882**X: 
(.035) 

.97 .992 

Demand Y? = 1162.3** - 2.829**Yc 
^ (.700) ^ 

Model 6 

13.740**X_ - .0517**X^ 
(.417) ^ (.0104) b 

1.77 .996 

Supply Y? = 251.5** + .967**Y^ - 6.327**X, 
(94.58) (.312) ^ (1.530) ' 

+ .488**X~ 
(.099) 4 

1.70 .994 
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Table 41. Simultaneous equations models of family farm labor for the west north 
central region (II) 

Constant ^ 
term 

Model 7 

Demand = 882.7** - 2.545**Xp - 12.162**X„ - .0286**X^ + 1.436**X, « 1.20^ .994 
^ (71.48) (.849) ^ (.614) ^ (.0083) ® (.578) 

Supply = 543.9** + 1.119**X^ - 12.835**X, + 6.623**Xo 1.12^ .993 
(51.87) (.356) ^ (.467) (1.737) 

Model 8 

Demand = 922.2** - 1.238**X^ - 13.332**X„ - .0301**x2 1.09^ .991 
(79.02) (.520) ^ (.466) (.0088) ^ 

= 556.6**+ 1.030**X3- 12.936**X_ + 6.363**XP 1.10^ 
(56.82) (.390) ^ (.507) (1.854) 
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stock value of farm machinery, and the index of prices 

received for farm products; and that the supply is a func

tion of the gross per capita farm income, the time trend, 

and the U.S. unemployment rate. 

4. Simultaneous equation models of family farm labor for 

the north central region 

The models concerning the family farm labor market 

are shown in Tables 42, 43, 44, and 45. The hypothesis 

which has been tested is the same as in the previous re

gions. Models 2, 3, 6, and 7 support the hypothesis that 

the demand for family farm labor is a function of the gross 

per capita farm income, the stock value of farm machinery, 

and the index of prices received for farm products. The 

time trend appears with the expected negative sign, but 

it is not significant in all cases. The results concerning 

the supply are not so good. In models 2, 3, and 4 the gross 

per capita farm income appears with a negative sign, the 

time trend is significant with the expected negative sign, 

and the U.S. unemployment rate is significant as well with 

its positive sign. The same thing can be said for models 

6, 7, and 8 (Tables 44, 45) which have as a price of family 

farm labor the relative wage rate. However, the significant 

coefficient o£ Liiu farm machinery variable in the demand 

function of model 3 compared with its insignificant value 

in model 7, is an indicator that the demand and supply 
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Table 42. Simultaneous equations models of family farm labor for the north central 
region 

Constant 
term ^ ^ 

Model 1 

Demand Y, = 4428.2** - .470**Y: -
(176.2) (.080) * 

12.779**X_ ~ .0702**%; 
(9.986) (.0170) G 

2.09 .992 

Supply Y, = -603.93* + .0837 Y Z  
(408.2) (.0720) ^ 

+ 1.143**X] 
(.0958) ^ 

1.02^ .984 

Model 2 

Demand = 4428.2** 
(176.2) 

- .470**Y; -
( .080)  ^ 

12.779**X_ - .0702**x; 
(9.986) ^ (.0170) * 

2.09 .992 

Supply Yg = 1515.4** 
(538.6) 

- .0079 Y* - 29.414**X, 
(.0551) (6.281) 

+ .575 XI 
(.139) 

2.00 .991 
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Table 43. Simultaneous equations models of family farm labor for the north central 
region 

Constant _2^ 
term ^ 

Model 3 

Demand Y* = 2622.5**-.521**Y(-5.664 X_-.0338**%* +11.361**%-_ 1.48 .987 
^ (540.4) (.153) ^(23.44) ^ (.0191) ^ (4.693) 

Supply = 3509.4** - .0710 Y^ - 61.305**X, + 25.443**Xp 1.08^ .984 
^ (105.7) (.0557) ̂  (4.923) ^ (12.748) " 

Demand Y^ = 4028.1** - .283**YÎ - 35.732**X^ - .0346**xJ 1.18^ .986 

Model 4 

.  rj  — -XVY^W .J. —, J-g- — « I 32**Xg — « VYOTU 
^ (195.0) (.086) ° (10.994) ^ (.0194) ° 

Supply Y' = 3549.1** -.0952*Y;-59.311**X- + 22.350**Xp 1.18" .978 
(105.8) (.0563) ® (4.950) (12.559) 
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Table 44. Simultaneous equations models of family farm labor for the north central 
region 

Constant 
term ° ^ 

Model 5 

Demand Y% = 6028.5** - 18.154**Y: ̂  
(442.8) (3.069) 

78.563**X_ - .0454**X: 
(2.623) ^ (.0134) t 

2.09 .992 

Supply Y: = -490.22** + 5.987**Yc 
(99.67) (1.453) " 

+ .9292**%. 
(.0335) 4 

1.91 .990 

Model 6 

Demand Y2 = 6028.5** - 18.154**Y* -
(3.069) 3 

78.563**X„ - .0454**X; 
(2.623) (.0134) 

2.09 .992 

Supply Y^ = 1583.1* - .468 Y^ -30.956**X_ + .570**X^ 2.00 .989 
^ (959.5) (3.263) ^ (14.259) (.168) 
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Table 45. Simultaneous equations models of family farm labor for the north central 
region 

Constant 2^ 
term 

Model 7 

Demand = 4758.9** - 17.928**Y^ - 70.555**X„ - .0148 XJ + 7.364**XT ̂  1.48 .987 
^ (495.6) (5.277) ^ (3.966) ^ (.0159) ̂  (3.728) 

Supply = 3966.9**-4.198* Y^ - 72.087**X_ + 21.657**XQ 1.10^ .985 
(418.7) (3.038) ^ (3.968) (14.033) 

Model 8 

Demand Y^ = 5089.5**-11.608**Y%-75.605**X_-.0221**X* 1.18^ .986 
^ (513.0) (3.549) ^ (3.366) ^ (.0163) ^ 

Supply Y^ = 4095.2** - 5.136**Y^ - 73.187**X- + 18.782*X„ 1.15% .982 
^ (418.8) (3.039) ^ (3.955) ^ (13.879) ® 
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function are better specified if an income proxy is used as 

the price of family farm labor. Considering the significant 

improvement of the results in the case of hired farm labor 

when the relative wage rate variable was used, we can expect 

to have a better model in the case of family farm labor if a 

proxy of the relative income (farm vs. nonfarm) would be 

used. Additionally, one or more variables that will link 

the farm and the nonfarm labor market are needed in cases 

where the production regions are not very homogeneous. 

Demand and supply elasticities of family farm labor 

The price elasticity of demand (supply) shows the re

sponsiveness of the demand for (supply of) family farm labor 

to a change in the relative wage rate. The demand and supply 

elasticities which were estimated at the mean level are shown 

in Tables 46 and 47. 

The short run elasticities of demand with respect to the 

wage rate for the four production regions range from .466 in 

WNCj region to .804 in the NC region. By comparing Tables 

28 and 46 we see that the demand for hired farm labor is more 

elastic than the demand for family farm labor. This means 

that in adverse economic conditions the first kind of labor 

to be laid off is the hired farm labor. 

The ehort run elasticities of range from .150 in 

WNCj region to ,307 in the ENC region. By comparing them 
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with the corresponding elasticities of Table 28, we see that 

the short run elasticity of supply is considerably smaller 

in the case of family farm labor. The same conclusion can 

be derived in the case of the long run elasticities. The 

higher value of the elasticity of supply in the ENC region 

can be interpreted as an indicator of the greater mobility 

of the family farm labor force in more industrialized areas. 

The elasticity of the demand for family farm labor with 

respect to the stock value of farm machinery is much lower 

than in the case of hired farm labor (see Tables 28 and 46). 

This means that the farm machinery capital substitutes 

firstly for hired and secondly for family farm labor. 

Table 47 shows short run demand elasticities of family 

farm labor with respect to "the prices received" variable 

for the four production regions. The estimated elasticities 

range from .263 in the WNC^ region to .650 in the WNC^^ 

region. The higher elasticities with respect to the "prices 

received" variable can be interpreted as indicating that 

the demand for family farm labor is more responsive in the 

short run to changes in the prices received for farm products 

than to changes in the value of the stock of farm machinery. 
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Table 46. Short and long run elasticities of the demand 
for and supply of family farm labor estimated 
at the mean 

1-Y 

Adjust, 
coeff. 

Y 

Quant, 
f. labor 

Index of 
w. rate 

?5 
472 

d^ 

Table 33/ Model 
Demand, E.N.C, 

9, 
—  —  1064.2 88.25 9.033 

Table 33/ Model 
Supply/ E.N.C. 

9, 
1064.2 88.25 3.708 

Table 35/ Model 5, 
Demand/ W.N.C.(I) — —  757.6 109.54 3.214 

Table 36, Model 6, 
Supply, W.N.C.(I) .574 .426 757.6 109.54 1.031 

Table 40, Model 6, 
Demand, W.N.C.(II) —  —  — —  452.4 110.01 2.829 

Table 40, Model 6, 
Supply, W.N.C.(II) .488 .512 452.4 110.01 .867 

Table 44, Model 
Demand, N.C. 

5, 
— —  — —  2272.0 100.69 18.154 

Table 44/ Model 
Supply, N.C. 

5, .929 .071 2272.0 100.69 5.987 

l-y = coefficient of the lagged 
endogenous variable 

Y = coefficient of adjustment 
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S. run L. run F. mach. S. run 
elast. elast. value elast. 

dY2 ^6 

^2 
®SR ®LR ^5 

^2 
®SR 

.0829 .749 — —  

.0829 .307 — — 

.145 .465 2906.6 .0706 3.837 .271 

.145 .150 .352 — 

.243 .587 — — 2680.9 .0517 5.925 .306 

.243 .211 .432 

.0443 .804 — 9604.0 .0454 4.227 .192 

.0443 .265 3.735 
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Table 47. Short run demand elasticities of family farm 
labor with respect to the index of prices 
received/ estimated at the mean 

Quant. Index of Elast 
f. labor prices 

received 
— — dY2 ?10 
^2 ^10 ^^10 ?2 

© 

1064-2 109-05 5.586 .1028 .574 

Table 35, Model 3, 
Demand, W.N.C,(I) 757.6 109.05 1.815 .1447 .263 

Table 39, Model 3, 
Demand, W.N.C.(II) 452.4 109.05 2.732 .2415 .660 

Table 43, Model 3, 
Demand, N.c. 2272.0 109.05 11.361 .0480 .545 
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5. Summary and economic implications 

In the case of family farm labor two proxies were used 

to express its price. The first was the gross per capita 

farm income and the second, the relative farm wage rate. 

The demand function appeared to be better specified when the 

income variable was considered as the price of family farm 

labor. In all subregions, and in the north central as a 

whole, the results support the hypothesis that the demand 

for family farm labor is a function of the gross per capita 

farm income, the value of the stock of farm machinery, and 

of the index of prices received. The time trend did not 

appear significant when the prices received variable was 

introduced in model 3 of Table 43. It does appear signifi

cant, however, in model 7 of Table 45 when the relative farm 

wage is used as a price proxy. The results concerning the 

farm machinery variable were inconclusive in the east north 

central region. The supply of family farm labor appears to 

be a function of the gross per capita farm income, the U.S. 

rate of unemployment, and of the time trend. For the ENC 

region the results concerning the unemployment rate variable 

are inconclusive. Although one model in each region supports 

the hypothesis of a distributed lag adjustment for the supply, 

another one is needed to incorporate all the important demand 

and supply variables as well as the distributed lag hypothe

sis. It is expected that when a proxy of the relative income 
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(agricultural versus nonagricultural) is included the results 

concerning the supply behavior will be significantly improved. 

The estimated elasticities show that the demand for family 

farm labor is more elastic than the supply, and that the long 

run elasticity of supply is higher than the short run elastic

ity. The lower demand elasticities of the family farm labor 

in relation to the hired farm labor imply that in adverse 

economic conditions the hired farm labor will be laid off 

first. 

In the short run: A shift of the supply curve to the 

left caused by a reduction in the rate of unertç)loyment or by 

other supply shifters, such as increased skills for nonfarm 

work or a rising educational level of family farm workers, 

will have a greater effect in increasing farm wages and in

comes and a smaller effect in reducing the farm employment 

level because the demand for hired farm labor is inelastic 

in the short run. Likewise, a shift of the demand curve to 

the right, caused by an increase in the prices received for 

farm products, will have a greater effect on farm wage rates 

and incomes than on farm employment. 

In the long run: The supply of family farm labor ap

pears elastic in the long run. Thus, a shift of the demand 

curve to the right, caused by increases in the prices re

ceived for farm products, will have a minor effect in in

creasing farm wage rates and incomes, and a major effect 
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on farm employment. Thus continuous price support programs 

tend to keep the family labor force in the farm sector and 

work toward the opposite direction than do the various edu

cational programs which serve the purpose of preparing part 

of the family labor force for employment in the nonfarm sector. 

The time trend which was used as an indicator of tech

nological change was not statistically significant in all 

models which provided the best explanation of this analysis. 

Further investigation is required when a more appropriate 

proxy is used as the price of hired farm labor. If the 

statistical results were significantly improved, a negative 

sign would imply that the demand for family farm labor would 

shift to the left, assuming new technologies are developed in 

the agricultural sector. Considering the elastic long run 

supply curve, a shift of the demand to the left would have 

a major effect on the farm employment level and a minor ef

fect on its price, but a simultaneous shift of the supply 

curve to the left would offset the decreases in the farm 

wage rate. 
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D. Total Farm Labor 

2;- Simultaneous equation models of total farm labor for the 

east north central region 

The total farm labor is the sum of hired and family farm 

labor. The family farm labor component is much larger than 

the hired farm labor component. We have chosen as the price 

of total farm labor the ratio of the hourly farm wage rate to 

the hourly wage rate in manufacturing rather than the gross 

per capita farm income, because the supply function is better 

specified with the inclusion of the first variable. The hy

potheses which will be tested are similar to those concerning 

the hired and family farm labor. 

a. Models 1 and 2  Model 2 of Table 48 is derived 

from model 1 by including in the supply function the time 

trend variable. The inclusion of this variable improved the 

results in relation to the distributed lag hypothesis; that 

is, the greater than one (i.e., 1.028) coefficient of the 

lagged endogenous variable becomes .877, but the farm 

wage rate coefficient of the supply function, although posi

tive, loses its significance. It was expected that the 

empirical analysis concerning the total farm labor would 

yield similar results to the analysis of family farm labor, 

the two categories of farm labor together we obtained results 
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which were different than those of the family labor market. 

The difference can be observed by comparing models 1 and 2 

of Table 48 with models 5 and 6 of Table 31 which have the 

same specification, the only difference being in the quantity 

of farm labor. Thus in model 5 of Table 31 the coef

ficient of the farm machinery variable is negative though in

significant, while in model 1 of Table 48 it appears signifi

cant at a 10 percent probability level. 

Model 2 of Table 48, though similar to model 5 of Table 

31, yields better results, in particular, the farm machinery 

coefficient is significant at a 10 percent probability level, 

the coefficient of the relative farm wage rate on the supply 

side, although insignificant, exhibits the expected sign, the 

lagged endogenous variable is significant a 10 percent; but 

the time trend looses its significance. The results of the 

east north central region, although far from being satis

factory, corroborated the hypothesis that the farm wage rate 

ratio was a better price proxy for the total farm labor than 

for the family farm labor. 

b. Models 3 and 4 These models can be compared with 

models 7 and 8 of Table 32. The results concerning the farm 

machinery variable and the U.S. unemployment rate are similar. 

Again, model 3 fails to capture the more complex conditions 

of the farm labor market of the east north central region. 

Model 3 is derived from model 4 by including in the demand 
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function the prices received variable, which is significant 

at a 10 percent probability level. The farm machinery variable 

appears with a negative though insignificant coefficient. The 

results of models 2 and 3 support the hypothesis that the de

mand for total farm labor is a function of the relative farm 

wage rate, the index of prices received, and a time trend. 

The t-tests concerning the coefficient of farm machinery are 

inconclusive because in model 2 it is significant while in 

model 3 it is not. The results concerning the supply are 

less favorable. The wage rate ratio coefficient is negative 

in both models. 

All parameter estimates of models 1, 2, 3, and 4 are 

presented in Tables 48 and 49. 

2 .  Simultaneous equation models of total farm labor for the 

west north central region I 

a. Models 1, 2, 3, and 4 Models 1 through 4 are 

similar with models 5 through 8 in the case of family farm 

labor of the same region. Models 2 and 3 support the hy

pothesis that the demand for total farm labor is a function 

of the relative farm wage rate, the stock value of farm 

machinery, and of the time trend. The farm machinery var

iable appears significant in model 3, and the prices received 

variable exhibits a positive but insignificant coefficient. 

The supply of total farm labor is a function of the relative 
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Table 48. Simultaneous equations models of total farm labor for the east north 
central region 

Constant 
term ^ * 

Demand = 3200.0** -  11.850**yi 
(149.1) (1.216) 5 

Model 1 

40.787**X, 
(1.177) '  

-  .0219*%; 
(.0143) t 

2.17 .992 

Supply Yg = 399.8** + 
(68.89) 

3.640**Yc 
(.755) -

+ 1.028**Xc 
(.019) ~ 

2.16 .993 

Demand 3200.0** -  11.850**YÎ 
(149.1) (1.216) ^ 

Model 2 

40.787**X- -  .0219*xJ 
(1.177) ^ (.0143) ° 

2.17 .992 

Supply YJ Y& = 1.546 yJ 
(7.962) 

-  6.206 X, 
(23.486) '  

+ .877*xp 
(.573) -

2.15 .991 
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Table 49. Simultaneous equations models of total farm labor for the east north 
central region 

Constant 2^ 
term 

Model 3 

Demand yÎ = 2442.8** -  11.595**Yi -  35.778**X„ -  .0214 xj + 4.261*X,o 1.29^ .976 
(345.7) (3.327) ^ (4.345) (.0284) ° (2.665) 

Supply yJ = 2837.4** -  8.736**yÎ -  41.205**X„ -  1.014 X^ .88 .973 
^ (292.2) (2.532) ^ (1.629) (12.181) 

Model 4 

Demand = 2785.2** -  8.407**yÎ -  41.647**X, -  .0064 xj .98^ .974 
(300.8) (2.459) ^ (2.227) (.0279) 

Supply vi = 2893.1** -  9.224**yÎ -  41.367**X- -  2.713 Xp 1.01^ .973 
(286.1) (2.479) ^ (1.586) ^ (11.884) 
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farm wage rate, the U.S. rate of unemployment, and of a time 

trend. Model 2 supports the distributed lag hypothesis for 

the supply function, but another equation which will include 

the U.S. unemployment variable must be constructed. All 

parameter estimates are presented in Tables 50 and 51. 

3. Simultaneous equation models of total farm labor for the 

west north central region II 

a. Models 1, 2 ,  3 ,  and 4 Whatever has been said 

about the hypothesis concerning the total farm labor market 

of the WNCj region holds for the WNC^^ as well. In addition, 

the prices received variable, which appears significant, must 

be included in the demand function. 

4. Simultaneous equation models of total farm labor for the 

north central region 

The north central region consists of the three afore

mentioned subregions; the hypothesis which has been tested 

is the same as in the previous subregions. Model 3 of Table 

55 supports the hypothesis that the demand for total farm 

labor is a function of the relative farm wage rate, of stock 

value of farm machinery, of the index of prices received for 

farm products, and of the time trend. However, in the same 

model the wage rate appears with a negative but insignificant 

coefficient, the time trend with the expected negative sign, 

and the U.S. unemployment rate positive and significant. 



www.manaraa.com

132 

Only in models 1 and 2 the wage rate ratio appears with the 

expected positive sign. The results of model 2 support the 

hypothesis of the distributed lag assumption concerning the 

supply of total farm labor. 

Demand and supply elasticities of total farm labor 

The demand and supply elasticities which have been es

timated at the mean level, are shown in Tables 56 and 57. 

The short run elasticities of demand, with respect to the 

relative farm wage rate for the four production regions, 

range from .504 in WNC^ region, to .882 in the NC region. 

Total farm labor appears to be more inelastic in the rela

tively homogeneous WNC^ and WNC^^ production regions. The 

short run supply elasticity appears much lower than the short 

run demand elasticity; its range in the four regions is from 

.170 in the WNC^ to .280 in the NC. The lagged endogenous 

variable coefficient appears greater than one in the ENC 

region, implying a movement away from equilibrium. The long 

run elasticities of supply in the two west north central re

gions are low but at least twice as large as the short run 

elasticities, implying that in the long run the total amount 

of farm labor supplied is more responsive to wage rate or 

farm income changes than it is in the short run. The short 

run elasticities of demand in the tour regions with respect 

to the value of the stock of farm machinery are much lower 
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Table îiO. Simultaneous equations models of total farm labor for the west north 
central region (I) 

Constant 2^ 
term ^ ^ 

Model 1 

Demand = 2078.8** - 4.062**Y^ -
(165.6) (1.009) 3 

26.023**X_ - .0898**X' 
(1.151) (.0178) t 

1.25^ .992 

Supply Y, = -169.2** + 2.518**Yc 
(34.40) (.555) -

+ .859**%: 
(.043) -

.92^ .989 

Model 2 

Demand Y: = 2078.8** - 4.062**Y7 -

Supply 

3 

Y? = 

(166.6) (1.009) 
26.023**X„ - .0898**XJ 
(1.151) (.0178) b 

398.4** + 1.370**Y^ - 9.383**X_ 
(208.5) (.642) ^ (3.411) ^ 

+ .567**x; 
(.113) -

1.25^ .992 

1.23^ .990 
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Table 51. Simultaneous equations models of total farm labor for the west north 
central region (I) 

Constant 
term ^ 

Model 3 

Demand = 2017.3** - 4.682**Y? - 25.487**X„ - .0851**X^ + 1.004 ^ 1.16% .991 
(175.4) (1.490) ^ (1.268) ^ (.0189) ^ (1.088) 

Supply yI - 942.7** + 2.494**Y^ - 22.069**X, +19.051**XQ 1.14^ .991 
(121.6) (.778) ^ (1.374) (4.023) 

Model 4 

Demand Y^ = 2051.0** - 3.857**Y^ - 25.909**X„ - .0874**X^ 1.10% .992 
(174.2) (1.055) ^ (1.197) ^ (.0186) ^ 

Supply Y^ = 944.3** + 2.484**Y^ - 22.085**X„ + 19.019**X_ 1.11^ .991 
(122.8) (.785) ^ (1.386) (4.048) 
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Table 5 2. Simultaneous equations models of total farm labor for the west north 
central region (II) 

Constant . ^2 . a R 
term 

Demand 1420.2** 
(111.5) 

Model 1 

- 3.662**Yc - 15.912**X« - .0697**X: 
(.735) (.483) (.0112) 

1.44 .995 

Supply = -163.9** 
(28.26) 

- 1.971**Y; 
(.379) " 

+ .880**x; 
(.034) -

.82^ .992 

Model 2 

Demand Yo = 1420.2** -  3.662**YZ -
(111.5) (.736) 

15.912**X- - .0697**X: 
(.483) ^ (.0112) ° 

1.44 .995 

Supply Y, = 229.1** + 1.152**Y^ - 6.413**X, 
(101.4) (.359) (1.616) 

+ .545**X; 
(.088) -

1.40 .996 
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Table 53. Simultaneous equations models of total farm labor for the west north 
central region (II) 

Constant -2^ 
term 

Model 3 

Demand 1117.2**-3.856**Y^ -13.851**X^ - .0452**X? + 2.014**X 
(85.21) (1.012) (.732) (.0098) (.690) 10 1.47 .994 

Supply Yg = 584.4** + 1.637**Y% -14.763**X_ 
(61.60) (.422) ^ (.554) 

+ 10.278**Xp 1.30 
(2.063) 8 

.993 

Demand Y~, = 

Model 4 

1172.6** - 2.023**Y^ -15.491**X_- .0473**X^ 
(94.97) (.625) ^ (.560) ^ (.0105) 

1.10 ,993 

Supply Y^ = 597.7** + 1.544**Y% - 14.868**X„ 
(68.3) (.468) ^ (.609) 

+ 10.006**Xp 1.09 
(2 .228)  

.990 
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Table 54. Simultaneous equations models of total farm labor for the north central 
region 

constant _2^ 
term ° ^ 

Model 1 

Demand Y% = 7412.6** -  23.281**Y3 -
(434.0) (3.005) 

93.98**X_ -  .0653**X% 
(2.639) ^ (.0133) ^ 

1.63 .994 

Supply Y: = -615.3** + 7.384**Y, 
(110.4) 

+ .930**x; 
( .028) -

1.35 .993 

Model 2 

Demand Y  ̂ = 7412.6** -  23.281**Y5 -  93.98**X^ -  .0653**xj 
(434.0) (3.006) (2.639) (.0133) 

1.63 .994 

Supply Yo = 1263.5* 
(912.1) 

+ 1.424 Yc 
(3.178) -

-  28.32**X, 
(13.675) '  

+ .658**x; 
(.134) -

1.60 .994 
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Table 55. Simultaneous equations models of total farm labor for the north central 
region 

Constant _2^ 
term ^ * 

Model 3 

Demand Y* = 5902.7**- 23.277**Yq- 84.332**X__.0289*xi + 8.964**X-n 1.33^ .988 
(574.8) (6.110) ^ (4.595) ^ (.0184) ^ (4.319) 

Supply yÎ = 4465.9**-3.477 Y^ - 85.169**X„ + 35,237**Xo .97^ .874 
(481.8) (3.495) ̂  (4.566) ^ (16.146) 

Model 4 

Demand y!^ = 6305.4** - 15.562**Y^ - 90.496**X<, - .0378**xJ 1.03^ .878 
(593.7) (4.108) ^ (3.895) (.0189) ^ 

Supply Y^ = 4604.8** - 4.493 Y^ - 86.361**X„ + 32.122**X„ 1.00^ .879 
(484.7) (3.518) ^ (4.577) ^ (16.062) 
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Table 56. Short and long run elasticities of demand for 
and supply of total farm labor estimated at 
the mean 

Adjust. Quant. Index of 
coeff. f. labor w. rate 

Y 3̂ •'s dYj 

- -- 1244 88.25 11.850 

Table 50, Model 2 ,  
Demand, W.N.C.(I) 

Table 50, Model 2 ,  
Supply, W.N.C.(I) '5°/ 

882.2 109.54 4.602 

882.2 109.54 1.370 

Demand! ̂W.N?c!ai) ~~ "" ^29.5 110.01 3.662 

sSply"w.N?c!ui) '545 .455 529.5 110.01 1.152 

" - 2655.8 100.69 23.281 

Sui^lyf^N.C?*^^^ '930 .070 2655.8 100.69 7.384 

l-y = coefficient of the lagged 
endogenous variable 

Y = coefficient of adjustment 
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_ elast. elast. value _ elast. 

ï e e X e 
SR ®LR ^6 dXg ®SR 

.0709 .840 — 4016.5 .0219 3.229 .071 

.0709 .258 —— —— —— —— —— 

.1242 .504 — 2906.6 .0898 3.296 .296 

.1242 .170 .393 

.2078 .761 — 2680.9 .0697 5.063 .353 

.2078 .239 .525 

.0379 .992 — 9604.0 .0653 3.616 .236 

.0379 .280 4.00 
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Table 57. Short run demand elasticities of total farm 
labor with respect to the index of prices 
received, estimated at the mean 

Quant, Index of Blast 
f. labor prices 

received 

*3 ^10 

dY3 

d?10 

lo
 

e 

Table 49/ 
Demand, E 

Model 3, 
.N.C. 1244 109.05 4.261 .088 .375 

Table 49, 
Demand, W 

Model 3, 
.N.C.(I) — — — — — 

Table 53, 
Demand, W 

Model 3, 
.N.C.(II) 529.5 109.05 2.014 .206 .418 

Table 55, 
Demand, N 

Model 3, 
.C. 2655.8 109.05 8.964 .0411 .368 
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than the demand elasticities with respect to the farm wage 

rate. The range is from .071 to .236; this implies that in 

the short run farmers tend to change more the farm labor 

input than the farm machinery capital input. 

Table 57 contains short run demand elasticities of 

total farm labor with respect to the index of prices received, 

estimated at the mean, for three production regions. No 

elasticity of demand has been estimated for the WNC^ region 

because the prices received variable did not appear signifi

cant in this region. The elasticities denote the responsive

ness of the demand for total farm labor to a change in the 

index of prices received for farm products. 

6. Summary and economic implications 

The separate analysis of the hired and family farm labor 

market provided the means of understanding the functioning of 

the total farm labor market. In all subregions, and in the 

north central region as a whole, models 2 and 3 provided the 

basic explanation concerning the total farm labor market. 

It was expected that the total farm labor market would be

have in a way similar to the family labor market. A com

parison of these models with the corresponding family farm 

labor models 6 and 7 of all regions showed that there existed 

several differences concerning the significance of the co

efficients of the prices received and farm machinery variables= 
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The relative farm wage rate variable appeared to be a better 

price proxy for the total than the family farm labor. How

ever, it would have been interesting to test another proxy 

showing the relationship of the farm and the nonfarm income. 

In all regions the results of model 2 supported the dis

tributed lag hypothesis. It has been argued (2) that the 

introduction of a lagged endogenous variable would tend to 

minimize the significance of the coefficients of the rest of 

the variables in a structural equation, providing the signif

icance was due to a high degree of autocorrelation in each 

of them. Therefore, the significant coefficients of the rest 

of the variables in the distributed lag models are of par

ticular importance. 

The farm employment and farm machinery data concerning 

the north central region is obtained by pooling the corres

ponding data of the three subregions.^ The inclusion of the 

ENC region highly affects the statistical results, particularly 

on the supply side; this can be observed by comparing the 

model 3 of all regions. Thus the wage rate ratio appears 

with a negative coefficient which reflects all of the pre

vious results of the ENC region. However, all other coef

ficients are significant and exhibit the expected sign. 

^East north central (ENC), west north central I (WNC^), 
and west north central II (WNC^j). 
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The estimated demand and supply elasticities are some

where between the elasticities of hired and family farm labor; 

therefore, the short and long run analysis concerning the 

demand for and supply of hired farm labor, with respect to 

those variables which cause a shift to the right or to the 

left, is similar with the analysis of family farm labor. 

For this reason it will not be repeated. However, the short 

run impact on farm wages caused by a shift of the demand or 

the supply curve will be smaller than that on family farm 

labor because the elasticities are larger. 

E. Proj ections 

In this study projections of farm employment levels were 

made for the three production regions, and for the north 

central region as a whole, for the years 1975 and 1980. For 

this purpose the reduced form equation of a simultaneous 

equation model was used. In each production region, and 

for each kind of farm labor, one model was chosen. Criteria 

for the choice were the significance of the structural coef

ficients which exhibited the signs specified by economic 

theory, the absence of serial correlation among the resid-

2 uals, and the high R . It was also intended that the model 

would include the kind of explanatory variables that could be 

projected with a reasonable degree of accuracy. In our 

analysis two kinds of models were used according to the 
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above criteria. The first kind included distributed lag 

models while the second kind did not. 

The exogenous variables of the prediction models were 

the time trend, the value of the stock of farm machinery, 

and the U.S. unemployment rate. After the data concerning 

the value of the stock of farm machinery was graphed, it was 

assumed that this variable was a function of time of the 

form y = . The above equation was fitted in a logarithmic 

form; thus, estimates of a and (3 were obtained for each 

particular region and for each kind of farm labor. On the 

basis of these estimates future levels of the value of the 

stock of farm machinery were projected for the years 1974 

and 1979. There was no attempt to project future levels of 

the U.S. unemployment rate; however, an upper and a lower 

limit were set, based on time series data of the past thirty 

years. Assuming that the unemployment rate would not be 

more than 5 percent and no less than 3 percent, two projec

tions were made for the years 1975 and 1980 respectively. 

The projected levels of farm employment that appear in the 

following tables are the arithmetic average of the two pre

dictions for the same year which were made by using 3 percent 

and 5 percent unemployment rates in the same prediction equa

tion. 

As an example of the procedure that we followed in 

order to make the projections, we present the following 
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distributed lag model. 

Structural equations 

Demand: Yit " ̂12^2t " Yl At " Yl2^2t ° 

supply: Yit - bggYgt -T23*3t-%2 = ° 

Reduced form equation 

^22'^11 „ . ^22^12 ^12^23 „ ^ ̂22^1"^12^2 

12 

(4.2) 

^22~^12 ^22~^12 ^22"^12 ^^t-1 ^22 ^12 

where 

yi,_i = -3t • 

Equation 4.2 can be written as: 

, ^12^23 ^ _ ^22^11 „ . ̂ 22^12 ^22^1"^12^2 

^22~^12 ^22"^12 ^22"^12 ^22~^12 

(4.3) 

Equation 4.3 is a first order difference equation of the 

type 

^t+l ••• ^^t = C . (4.4) 

The general solution of Equation 4.4 is given by the formula 

f R r,T-, Rn9_SlA\! 
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ït • (4-5) 

Equation 4.3 can be written as : 

^t+1 ^^t ~ Gi*! + ^2^2 ^ (4.6) 

where 

^12^23 & -
^22~^12 

a-, = '22^11 
1 ' '=22-^2 ' 

Oo -
^22^12 

^ ^22"^12 

1 ^22^1 ^12^2 ,  X, x„ f ixed 

^22-^12 • 

the general solution of Equation 4.6 is given by the formula: 

a,x,+a^x„+k . a,x,+a-x_+k 
yt= 'yo - i+g ' + 1.5 • 

In all cases the value of 6 was found to be between minus one 

and zero, 

-1 < 6 < 0 . (4.8) 

Table 58 includes the projected levels of the value of 
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the stock of farm machinery for the years 1974 and 1979, and 

the U.S. rate of unemployment for the same years. Tables 59, 

60, and 61 show the prediction equations (which are the re

duced form equations) for each kind of farm employment and 

for each production region, those being derived from the 

initial structural equations. It is also shown from which 

model and table each prediction equation was derived. The 

prediction equations concerning the ENC and NC regions are 

first order difference equations. The projections concern

ing the ENC region must be viewed with caution because the 

greater than one coefficient of the lagged endogenous vari

able in the initial model implies a negative coefficient of 

adjustment showing a movement away from equilibrium. For 

this reason projections of farm employment were made only 

for the year of 1975. The prediction equations of the WNC^ 

and WNCjj regions include as an exogenous variable the U.S. 

rate of unemployment which is the only nonagricultural var

iable in the model influencing the farm labor mobility. Thus 

the higher unemployment coefficient that appears in the WNC^ 

region is an indicator of the higher mobility of the farm 

labor force in this region, in relation to the WNC^^ region. 

Table 62 shows the projected levels of each kind of 

farm labor and for each production region, based on the pre

diction equations of Tables 59, 60, and 61. 
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Table 58. Projected levels of exogenous variables for 1974 
and 1979 in the four production regions® 

Variable 1974 1979 

Xg 5,090 mil. dol. 5,284 mil. dol. 

Xg 3,820 mil. dol. 3,990 mil. dol. 

Xg 3,615 mil. dol. 3,791 mil. dol. 

Xg 12,430 mil. dol. 12,960 mil. dol. 

X® 3% 3% 

Xo 6% 6% "8 

The value of the stock of farm machinery and the U.S. 
unemployment rate were lagged one year thus 1974 and 1979 
levels of these variables are needed in order to make farm 
employment projections for 1975 and 1980 respectively. 

The value of the time trend for 1975 is 30 and for 1980 
it is 35. 
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Table 59. Prediction equations of hired farm employment 
(number of workers) in the four production 
regions for 1975 and 1980 

East North Central 

From Table 6, model 7: 

Prediction equation: 

Yt+i + (-.8435)y^ = (-1.2397)x2^ + (.00169)Xg^ + 54.76 

(4.9) 

West North Central I 

From Table 13, model 8: 

Prediction equation: 

y^ = (-3.558)x2t + (-.01175) X g ^  + (3.1008) X g ^  + 213.209 

(4.10) 

West North Central II 

From Table 19, model 8: 

Prediction equation: 

y^ = (-2.3961)x2t + (-.00552) X g ^  + (2.532) X g ^  + 129.0 

(4.11) 

North Central 

From Table 24, model 5: 

Prediction equation: 

y^.^^ + (-.720)y^ = (-3.439)X2^ + (.0038)Xg^ + 203.4 (4.12) 
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Table 60. Prediction equations of family farm employment 
(number of workers) in the four production 
regions 

East North Central 

From Table 33, model 9: 

Prediction equation: 

+ (-.7196)y^ = (-10.108)x2t + 473.4 (4.13) 

West North Central I 

From Table 35, model 4; 

Prediction equation: 

y^ = (-19.858)x2t + (-.0261)Xg^ + (8.438)Xg^ + 1172.8 

(4.14) 

West North Central II 

From Table 39, model 4: 

Prediction equation: 

y^ = (-13.117)x2t + (-.0137)x3^ + (3.474)Xg^ + 722.7 (4.15) 

North Central 

From Table 44, model 5: 

Prediction equation: 

+ (-.699)y^ = (-19.483)x2t + (-.0112)Xg^ + 1126.3 

(4.16) 
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Table 61. Prediction equations of total farm employment 
(number of workers) in the four production 
regions 

East North Central 

From Table 48, model 1: 

Prediction equation: 

+ (-.786)y^ = (-9.584)x2t + (-.0051)Xg^ + 446.2 (4.17) 

West North Central I 

From Table 51, model 4: 

Prediction equation; 

y^ = (-23.586)x2t + (-.0342)Xg^ + (11.569)Xg^ + 1377.8 

(4.18) 

West North Central II 

From Table 53, model 4: 

Prediction equation: 

y^ •= (-15.1379)x2t + (-.0205)Xg^ + (5.675)xg^ + 846.6 (4.19) 

North Central 

From Table 54, model 1: 

Prediction equation: 

+ (-.706)y^ = (-22.631)x2t + (-.0157)Xg^ + 1317.8 

(4.20) 
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Table 52. Projections of farm employment (number of workers) 
in the four production regions for 1975 and 1980 

Region Eq. No. 1970 1975 1980 
actual predicted 

Hired Farm Employment 

ENC 4.9 97,000 97,660 45,700 

WNC^ 4.10 76,000 72,000 54,500 34,500 

WNCjj 4.11 45,000 44,900 34,135 21,225 

NC 4.12 218,000 208,000 135,000 57,000 

Family Farm Employment 

ENC 4.13 670,000 648,000 445,500 

WNCj 4.14 502,000 495,000 396,150 291,850 

WNCj^ 4.15 293,000 282,000 216,600 148,600 

NC 4.16 1,465,000 1,435,000 1,089,000 629,000 

Total Farm Employment 

ENC 4.17 767,000 745,000 545,200 

WNCj 4.18 578,000 566,300 449,850 326,350 

WNCjj 4.19 338,000 328,000 253,100 173,800 

NC 4.20 1,683,000 1,640,000 1,222,000 666,600 
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F. Comparisons 

As indicated in the review of the literature, in some 

of the studies concerning the farm labor market the distinc

tion between demand and supply variables is not clear, since 

both categories of variables are used in the specification 

of the demand function. Therefore, con^arisons of the re

sults of this study will be made only with those studies 

which distinguish clearly between demand and supply vari

ables . 

Johnson (14) specified the regional demand for hired 

farm labor as a distributed lag function of the farm wage 

rate, the parity ratio, and the time trend; no price or 

stock value of farm machinery variable was included in the 

function. Time series data from 1927 to 1957 and from 1940 

to 1957 were used for the ENC and WNC regions respectively. 

The demand for ENC region was found to be a function only 

of the farm wage rate, and it reacted with a distributed lag 

type of adjustment. The estimated value of the short run 

elasticity of demand was .150. In our case, for the same 

region and aside from the farm wage rate, the time trend and 

the stock value of farm machinery were found to be signifi

cant. The estimated value of the short run elasticity of 

demand was 1.410. The insignificant parameter estimates of 

the previous study (14) may be attributed to the incomplete 
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specification of the demand function. The large difference 

in the estimated elasticities may be attributed to the fact 

that the two studies cover two different time periods with 

only 13 overlapping years; in addition, the elasticity of 

demand for hired farm labor has been increasing over time. 

This was shown by the same study (14) when different time 

periods were compared for the whole U.S. For the WNC re

gion the parity ratio was found to be significant, while in 

our case it exhibited only the expected sign. The estimated 

elasticity of demand which was .510 can be compared with our 

estimates which were .874 and 1.375 for the WNCj and WNC^^ 

regions respectively. The regional specification for the 

demand for family farm labor was similar to the demand for 

hired farm labor. The stock value of farm machinery was in

cluded only in the case of the WNC region. For the ENC re

gion the demand for family farm labor was specified as a 

distributed lag function of the farm wage rate, the parity 

ratio, and of the time trend. All coefficients were found 

significant, but the time trend had a positive, opposite 

than expected sign. The short run demand elasticity was 

found to be .210. In our case the demand for family farm 

labor was found to be significant in all the variables in

cluded in Johnson's function in addition to the farm ma

chinery variable. All variables exhibited the signs speci

fied by economic theory. The estimated short run elasticity 
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coefficient was .749. For the WNC region Johnson specified 

the demand for family farm labor as a function of the farm 

wage rate, which was insignificant, and of the value of the 

stock of farm machinery, which was highly significant. There 

were no variables e^ressing the parity ratio or the time 

trend. The insignificant wage rate coefficient and the low 

coefficient of determination (i.e., R = .75) may be at

tributed to the incomplete specification of the function. 

No elasticity coefficients were estimated for this region. 

Johnson did not estimate any regional demand functions for 

total farm labor or any regional supply equations for the 

three categories of farm labor. All demand equations were 

estimated by means of the least squares method. 

The only regional analysis of the supply of hired farm 

labor which came to our attention and can be compared with 

this study was made by Tyrchniewicz and Schuh (25). The 

supply was specified to be a distributed lag function of the 

farm wage rate, the nonfarm income, the civilian labor force, 

and of the time trend. All parameter estimates, except the 

farm wage rate in the WNC region, were significant at a 5 

percent probability level or better. The coefficient of 

determination was high and the test concerning serial cor

relation among the disturbances was inconclusive for the 

ENC and WNC production regions. In our case the U.S. rate 

of unemployment was used as a variable expressing nonfarm 
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employment opportunities. The comparison «shows that in the 

case of the ENC region the size of the civilian labor force 

gives better statistical results than the unemployment rate. 

However# the explanatory power of the first variable is con

sidered to be rather limited in showing the interrelationship 

between the farm and the nonfarm labor market. 

This comparison (Table 63) shows a similarity between 

estimated adjustment coefficients and elasticities and the 

Tyrchniewicz and Schuh estimates. The relatively higher 

short and long run elasticity estimates of this study can 

be attributed to the fact that the data which were used 

cover the period 1965-1970 as well as 1945-1965. The 

Tyrchniewicz and Schuh elasticities are referring to the 

single farm wage rate while the elasticities of this study 

are referring to the relative farm wage rate. 

G. Summary and Conclusions 

The empirical analysis of the farm labor market of the 

north central region which has been presented supported the 

hypothesis that the demand for farm labor is a function of 

the relative farm wage rate, the value of the stock of farm 

machinery, and of the index of prices received for farm 

products. The separate analysis of the hired and family 

labor market was considered as necessary for a thorough 
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Table 63. Ccxnparison of the Tyrchniewicz and Schuh (26) coefficients of adjust
ment and elasticities of farm wage rates with those of this study 

Tyrchniewicz and Schuh This Study 

Region Coeff. of 
adjustment 

Short run 
elasticity 

Long run 
elasticity 

Coeff. of 
adjustment 

Short run 
elasticity 

Long run 
elasticity 

East North 
Central .33 .316 .958 — .326 — —  

West Noith 
Central I — —  — —  .478 .444 .929 

West North 
Central II — —  —  —  — —  .382 .294 .770 

West Noi-th 
Central®' 

.34»' .207^ .609^ — — — —  

^«îst north central = west north central I + west north central II. 

^Computed frcan coefficients not significant at the 5 percent probability 
level oi: better. 
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examination of the total farm labor market. In the case of 

the demand for hired farm labor, the prices received variable 

did not appear significant; while in the case of the demand 

for family farm labor, the results concerning the time trend 

were inconclusive. 

The results concerning the supply of farm labor sup

ported the hypothesis that it is a function of the relative 

farm wage rate, the U.S. rate of unemployment, and of the 

time trend. The distributed lag assumption was also 

verified. However, it is expected that a more complete 

model which would include the distributed lag hypothesis 

and all the supply variables that were found to be signifi

cant would further improve the results. The analysis also 

showed that there is a considerable degree of variation in 

the results among the three production subregions. Further

more, the relatively single model which was employed failed 

to capture completely the interrelationships of the farm and 

nonfarm labor market in the more industrialized areas. It 

is therefore suggested that further research is necessary 

in order to specify a more suitable supply of hired farm 

labor. 

The Durbin-Watson statistic, which was used as an indi

cator of autocorrelation, was found either to be high enough 

to reject the hypothesis of serial correlation in most of 

the basic explanatory models or that the test was inconclusive. 
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All equations showed a high coefficient of determination. 

2 Although a high R is more or less guaranteed when the 

lagged endogenous variable is included, all other equations 

which did not include the distributed lag hypothesis ex

hibited of similar magnitude, showing the good fit of 

all equations tested within the sampling period. 

In general, the estimated demand and supply elas

ticities were found to be higher for the hired than for the 

family farm labor, while those of the total farm labor were 

somewhere in between; in particular, the demand for hired 

labor was found to be elastic in the short run, while the 

demand for family and total labor was inelastic, "fhe 

short run elasticities of supply for all categories of farm 

labor were much lower than the demand elasticities, while 

the long run supply was found to be elastic. There were 

also regional variations, with the elasticity being higher 

in the more industrialized areas. Cross elasticities of 

demand were also estimated with respect to the index of 

prices received for farm products and the value of the stock 

of farm machinery and equipment. 

Farm employment projections were also made for the 

three production regions, and for the NC region as a whole, 

for the years 1975 and 1980. The reduced form equation of 

a simultaneous equation model was used for this purpose. 

Two kinds of models were used for projections. The first 
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was a distributed lag model while the second did not include 

this hypothesis. The projections concerning the ENC region 

must be viewed with caution because the estimated coefficient 

of the lagged endogenous variable was greater than one. 

Finally, the two statistical procedures^ which were 

ert^loyed in the analysis of hired farm labor yielded similar 

results. 

The results of this study have important economic 

implications for the farm labor market and might be used 

for certain policy measures which could alleviate the low 

income problem in the farm sector. Policy measures which 

are beneficial in the short run might not be satisfactory 

in the long run. Thus, the various price support programs 

will increase farm wages in the short run with a relatively 

minor effect on the employment level; however, since the 

supply of farm labor is elastic in the long run, the overall 

effect would be more on farm employment and less on farm 

wages. Continuous price supports would tend to keep farm 

labor in the agricultural sector, thus having a negative 

effect in increasing farm wages and incomes. On the other 

hand, programs which would improve the information and the 

skills of the farm labor force for nonfarm employment would 

^Least squares and simultaneous equation estimation 
methods. 
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have a beneficial effect in both the short and the long 

run. In the short run the overall effect would be more in 

raising farm wages than in reducing total employment, while 

in the long run the impact would be more in farm employment. 

A smaller farm labor force, with the total value of farm 

output unchanged, would imply a higher per capita farm in

come. Favorable economic conditions in the whole economy 

would facilitate the implementation of such policy meas

ures. Finally, a fixed minimum farm wage rate above its 

equilibrium level would increase the quantity of farm labor 

supplied and decrease the quantity demanded, thus leaving 

a portion of the farm labor force unemployed. However, a 

situation similar to this would be considered only as a 

short run phenomenon if it is viewed in combination with 

the various educational programs which tend to shift the 

supply curve of farm labor to the left, thus reducing the 

equilibrium employment level. 
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V. EMPIRICAL ESTIMATES OF THE DEMAND FOR FARM 

LABOR IN THE UNITED STATES 

As stated in the introduction, the focus of this study 

has been primarily on the north central region and on the 

demand for farm labor in general, because the factors that 

influence the demand can be identified and quantified more 

accurately than those that influence the supply. Thus hav

ing tested the original hypothesis concerning the regional 

labor market, one can proceed to the empirical analysis of 

the aggregate U.S. farm labor market. However, a full 

scale analysis of this sort would be beyond the scope of 

this study. For this reason only an empirical analysis of 

the demand for farm labor has been made. 

In general, the hypothesis which will be tested is 

similar with the hypothesis concerning the north central 

region. In particular, the demand for farm labor is assumed 

to be a function of its price, the index of the price of 

farm output, the value of the stock of farm machinery, and 

of the time trend which is used as an indicator of tech

nological change. Again, the hired and family farm labor 

are analyzed separately for the purpose of understanding 

the functioning of the demand for total farm labor. Since 

the procedure and rationale of including or excluding one 

variable from the demand function are similar with those of 

the regional empirical analysis, they will not be repeated. 
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The statistical methods which were employed in the 

empirical analysis of the aggregate demand functions were 

those of the ordinary and generalized least squares. The 

quantity of farm labor was considered to be endogenous, 

while the farm wage rate lagged one year and the rest of the 

explanatory variables were treated as exogenous. The value 

of the stock of farm machinery and the prices received for 

farm products variables have also been lagged one year, 

which implies that farm operators base their current de

cisions concerning farm labor inputs on last year's values 

and prices. 

At the outset of the analysis a large number of equa

tions and variables were tested by means of ordinary least 

squares. Finally, the equations which included the most 

meaningful explanatory variables, as far as the original 

hypothesis is concerned, were chosen; other criteria were 

the absence of serial correlation among the residuals and 

the high coefficient of determination used as indicator of 

a good fit. Those equations which included variables with 

significant coefficients but exhibited autocorrelated errors 

were tested again, after all variables were transformed, by 

means of generalized least squares. In order to transform 

the variables in each equation, it was hypothesized that the 

residuals follow a first order autoregressive scheme (i.e., 

u^ = pu^ ̂ + e^); then the estimated value of p was used for 
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the transformation. 

Two proxies were used as the price of farm labor7^ the 

annual farm wage rate was used as the price of hired labor, 

and the operator's realized income as the price of family 

labor. The same proxy was also used in the case of total 

farm labor. Short run price and income elasticities of 

demand have been estimated for all three categories of farm 

labor, and comparisons have been made with the regional 

estimates. Time series data were used in the analysis 

covering the period 1941-1959. The following list indicates 

all the variables that were used in the empirical analysis 

of the aggregate demand for farm labor in the U.S. 

A. List of Variables 

Endogenous : 

y^^ = quantity of hired farm labor in 1,000 persons, 

y2 = quantity of family farm labor in 1,000 persons, 

yg = quantity of total farm labor in 1,000 persons. 

Exogenous : 

x^ — time trend (i.e., ^2.941 ~ ̂ ' ^1942 ~ ̂ ' • * • ' ̂1959 ~ ^ * 

Xg = annual wage rate per hired farm worker in constant 

1957-59 dollars (deflator: prices paid for living 

^For a detailed discussion on the data construction and 
development see the Appendix. 
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expenses 1957-59 = 100). 

Xg = variable Xg lagged one year. 

x^ = operator's realized income (per farm) in constant 

1957-59 dollars (deflator; prices paid for living 

e3q)enses 1957-59 = 100) lagged one year. 

Xg = value of the stock of farm machinery in constant 

1957-59 billion dollars (deflator: price index of 

farm machinery 1957-59 = 100) lagged one year. 

Xg = price index of farm machinery 1957-59 = 100. 

x,y = index of prices received (1957-59 = 100) deflated by 

the index of prices paid for production expenses 

(1957-59 = 100). 

Xg = quantity of hired farm labor in 1,000 persons lagged 

one year (i.e., Xp = )• 
° ^t-1 

B. Hired Farm Labor 

1. Equations 1, 2, 3, and 4 

In equation 1 the demand for hired farm labor is speci

fied as a function of the annual farm wage rate lagged one 

year, the value of the stock of farm machinery, and of the 

time trend. The index of prices received for farm products 

was not included in the demand function because of the 

insignificant coefficient in the regional analysis. All 

variables of equation 1 exhibit the expected signs and are 
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statistically significant except for the farm machinery. 

The specification of the demand for hired labor appears to 

be better in equation 2 when the current farm wage rate is 

treated as an exogenous variable. All coefficients are 

significant and have a smaller standard error. The better 

results of equation 2 can be explained partially by equa

tion 4 when the distributed lag assumption has been made. 

The high value of the adjustment coefficient^ implies that 

most of the change in the quantity demanded attributed to 

a change in the price of farm labor will occur in less than 

a year. Therefore, the current farm wage rate appears to 

be a better proxy as the price of hired farm labor than its 

lagged value; however, it is recognized that in this case 

the simultaneous equation estimation is more appropriate, 

since the current farm wage rate cannot be treated as a 

truly exogenous variable. 

The parameter estimates of equations 1, 2, and 3 were 

obtained by means of generalized least squares. The rela

tively high value of the Durbin-Watson statistic indicated 

an absence of autocorrelation among the residuals after the 

variables were transformed, and corroborated the hypothesis 

that the residuals of the original equation followed a first 

order autoregressive scheme. The distributed lag equation 4 

\ = .687. 
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was estimated by means of ordinary least squares. The low 

value of the Durbin-Watson statistic can be attributed to 

the autocorrelated residuals and partially to the incomplete 

specification of the demand function, since the stock value 

of farm machinery was not included. 

The estimated short run elasticities, which are pre

sented in Table 67, indicate that the aggregate demand for 

hired farm labor is inelastic with elasticity coefficients 

ranging from .419 to .562. These values can be con^ared 

with the elasticity coefficients of the north central region 

where the demand for hired farm labor was found to be 

elastic. The difference in the elasticities can be ex

plained by the fact that the results concerning the aggregate 

demand for hired farm labor are influenced by other regions 

with much lower elasticities of demand. The low value of 

the cross elasticity coefficient in respect to the stock of 

farm machinery indicates that, in the short run, the change 

of the quantity of hired labor demanded due to a change in 

the value of farm machinery is minimum. 

Finally, the results of the empirical analysis cor

roborated the hypothesis that the demand for hired farm 

labor is a function of the annual farm wage rate, the value 

of the stock of farm machinery, and of the time trend. All 

parameter estimates of the demand equations 1, 2, 3, ana 4 

are presented in Table 64. 
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C. Family Farm Labor 

i- Equations 1, 2 ,  and 3 

The demand for family farm labor is specified as a 

function of the operator's realized income, the index of 

prices received for farm products, the value of the stock 

of farm machinery, and of the time trend. This specifica

tion is shown in equation 2. All variables of equation 2 

exhibit significant coefficients with the expected sign ex

cept the value of the stock of farm machinery which has a 

negative though insignificant coefficient; however, its 

standard error is smaller than the parameter estimate. The 

elimination of this variable from the danand function did 

not improve the statistical results, which implies that 

the specification is more correct when the farm machinery 

variable is included. This is shown in equation 1, in which 

almost all estimated parameters have a smaller value than 

those of equation 2. The highly significant coefficient of 

the operator's realized income indicates that this variable 

is a good proxy as the price of family farm labor. Like

wise, the significant coefficient of the index of prices 

received for farm products indicates that the demand for 

family farm labor is responsive to changes in this variable. 

Equations 1 and 2 were estimated by means of ordinary 

least squares, but no conclusions concerning the degree of 
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autocorrelation among the residuals can be drawn since the 

Durbin-Watson test is inconclusive. Equation 3 includes 

the same variables as equation 1 with the hypothesis that 

the disturbances follow a first order autoregressive sch^ei'^ 

All regression coefficients were estimated by means of 

generalized least squares. The results, however, were less 

satisfactory than those of equation 1. All parameter esti

mates, with the exception of the time trend, exhibited 

smaller values and larger standard errors, the fit was less 

satisfactory than before, and the Durbin-Watson test was 

still inconclusive. Therefore, the hypothesis that the 

residuals follow a first order autoregressive scheme was 

rejected suggesting that further analysis on the distribu

tion of the errors is required. 

The estimated short run elasticities indicate that 

the demand for family farm labor is inelastic with elastic

ity coefficients (see Table 67) lower than those of hired 

farm labor. Thus a ten percent decrease in the price of 

family farm labor will increase its demand by less than 

three percent. The cross elasticity of demand with respect 

to prices received, although less than one, is much larger 

than the previous one. This can be explained by the fact 

that the family wage rate or any other proxy of it, al

though difficult to estimate, is not an out of pocket 

cost as it is in the case of hired farm labor. Thus, the 
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Table 6i4 Demand equations^ for hired farm labor in the United States 

Eq. 
No. 

Constant 
term 

.c 

P 
d 
Y 

II H
 1297.2** - .557**X- -

(74.8) (.130) 2 
30.38**X, 
(6.78) -L 

-7.696 Xr 
(8.98) ^ 

1.80 .819 
( 
.702** 
.130) 

2 = 2303.8** - .735**X, -
(50.6) (.070) 

21.12**X, -
(3.86) ^ 

- 13.650**Xc 
(5.36) ^ 

1.90 .968 
( 
.467** 
.154) 

II m
 1261.6** -.548**X--

(73.8) (.130) 
34.094**X, 
(5.482) 

1.65 .805 
( 
.713** 
.131) 

II 2973** - .469**Xo -
(617) (.981) 

19.65**X, 
(4.579) 

+ .313**Xg .935^.983 — — .687 

liquations 1, 2 ,  and 3 were estimated by generalized least squares, equation 4 
by ordinary least squares. 

= autocorrelated errors; I = inconclusive. 

c'* 
p = estimated coefficient of the autocorrelated errors (i.e., u^ = pu^_j^ + e^) . 

= adjustment coefficient. 
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demand for family farm labor appears more responsive to a 

change in the prices received for farm products variable. 

Finally, the cross elasticity of demand with respect to 

the stock value of farm machinery is very low and smaller 

than that of hired labor's, indicating that capital sub

stitutes firstly for hired and secondly for family farm 

labor. 

The results of the empirical analysis corroborated the 

hypothesis that the demand for family farm labor is a func

tion of the operator's realized income used as a proxy of 

its price, the index of prices received for farm products, 

and of the time trend as an indicator of technological 

change. It might be argued that farm operators will demand 

more family labor when its return increases, the result 

being an upward sloping demand curve. However, it is dif

ficult to hypothesize which is the actual price of family 

farm labor since the latter is composed of family members' 

and operator's labor. Therefore, the role of the operator 

must be viewed as the one in which he tries to minimize 

his cost by decreasing the quantity demanded of farm inputs 

when their price is increasing (a demand phenomenon), and 

as resource owner by trying to increase his factor returns 

(a supply phenomenon). 
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Table 65. Demand equations^ for family farm labor in the United States 

Eq Constant ^ ^2 2^ 
No. term 

1 y = 9748** - .517**X. + 43.587**X7 - 123.66**X, 1.01^ .992 
(655) (.093) ^ (4.590) (8.75) 

2 y.) = 8357** - .589**X. + 45.744**X7 - 17.847Xt- - 109.138**XT 1.18^ .993 
(724) (.111) ^ (4.976) (15.249)^ (15.149) ^ 

3 y., = 5398** - .401**X. + 34.27**X7 - 138.28**X, 1.10^ .980 .454** 
(817) (.132) (9.480) (18.18) ^ (.155) 

^Equations 1 and 2 were estimated by ordinary least squares, equation 3 was 
estimated by generalized least squares. 

= autocorrelated errors; I = inconclusive. 

= estimated coefficient of the autocorrelated errors (i.e., u^=pu^_^+ e^). 
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D. Total Farm Labor 

1. Equations 1 ,  2 ,  and 3  

The specification of the total farm labor is similar 

with that of family farm labor. That is, the demand for 

total labor is a function of the operator's realized in

come, the index of prices received for farm products, the 

value of the stock of farm machinery, and of the time trend. 

This is shown in equation 1, whose all parameter estimates 

are significant at a 5 percent probability level or better 

and exhibit the expected signs. The significance of the 

machinery coefficient is of particular importance since 

in the demand for family farm labor it is not significant 

at all, and in the case of hired farm labor it is signifi

cant only when the current farm wage rate is used as its 

price. In respect to the other variables the demand for 

total farm labor behaves as that of hired labor. The 

highly significant coefficients of the operator's realized 

income and the prices received variable show that the de

mand is responsive to changes in these variables. Equations 

2 and 3 were included for the purpose of making comparisons 

between ordinary and generalized least squares statistical 

estimation. Both include the same variables; however, there 

was no improvement in the results wuen the first order autc-

regressive scheme was hypothesized for the residuals. The 
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Durbin-Watson test concerning the degree of autocorrelation 

was inconclusive in all three equations. 

The estimated elasticities in respect to the operator's 

realized income were as expected, that is, lower than those 

of hired labor and higher than those of family labor; while 

the cross elasticity of total labor demanded in respect to 

the prices received variable was somewhat lower. The cross 

elasticity in respect to the value of the stock of farm 

machinery is very low and between the demand elasticities 

of hired and family farm labor 

E. Comparisons 

Johnson (14) found the aggregate demand for hired farm 

labor in the U.S. to be a function of the farm wage rate, 

the index of prices received for farm products, and of the 

value of farm machinery. However, the sign of the farm 

machinery variable was positive which implies complementarity 

rather than substitutability between machinery capital and 

labor. This interpretation cannot be considered realistic, 

since a complementary relationship between labor and total 

capital stock of farm machinery and equipment must be viewed 

as a very short run phenomenon. The time trend which was 

included in the specification of the demand function was 

found to be insignificant. In our case both variables (i.e., 

farm machinery and time trend) were found to be significant 
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exhibiting the expected signs. However, the prices re

ceived variable was not included in the demand function for 

hired farm labor since in the regional analysis it did not 

appear to be significant, Johnson specified the demand for 

family labor to be a function of the farm wage rate, the 

time trend, and of the prices received. All regression 

coefficients were significant and exhibited the expected 

signs, but this specification is evidently incomplete since 

there is no variable in the function to take into account 

the relationships of family labor with the other farm in

puts. This is supported by the significant and negative 

farm machinery coefficient of our analysis. Finally, he 

found the demand for both hired and family farm labor to be 

inelastic in the short run with elasticity coefficients 

somewhat smaller (14, pp. 58, 92-94) than those of this 

study. This can be explained by the fact that the two 

studies cover different time periods with only thirteen 

years overlapping. 

Heady and Tweeten (11, pp. 219-222) tested a number of 

demand equations for hired farm labor (using data from 1926 

to 1959 but not 1942 to 1945) which included wage-price 

ratios in both current and lagged form in order to examine 

to what extent the demand for hired farm labor is affected 

by changes in the price of operating inputs and of farm 

machinery. The stock value of productive farm assets and 
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Table ()6. Demand equations for total farm labor in the United States 

Eq. Constant _ _2 
No. term 

1 y,, = 11015**-.997**X, + 56.321**X_- 39.362**Xc-113.21**X, 1.42^ .992 
(905) (.139) ^ (5.222) (19.068) ^ (18.94) 

2 y„ = 11836**-.837**X. + 51.785**X_ -145.25**X, 1.04^ .991 
(865) (.123) ^ (6.189) (11.54) 

3 y„ = 7013** - .686**X-+ 43.866**X7 - 158.74**X, 1.37^ .988 .453 
(1109) (.177) ^ (12.64) (24.12) ^ (.170) 
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Table 67. Demand elasticities of farm labor in the United States (estimated at 
the mean) 

Eq. 
No. 

Table 
No. 

Price elasticity 
Cross elasticity 
with respect to 
prices received 

X âX 
dX 

X dY 
dX 

Cross elasticity 
with respect to 
the stock value 
of farm machinery 

^ S ^ 

Hired Farm Labor 
1 1 1974 1511 .557 .426 16.4 7.696 .064° 
2 1 1974 1557 .735 .562 — mm 16.4 13.650 .113 
3 1 1974 1557 .548 .419 — —  — —  

Family Farm Labor 
1 2 6164 3102 .517 .260 107.79 43.687 .760 — — — — 

2 2 6164 3102 .589 .296 107.79 45.744 .796 16.4 17.847 .046 
3 2 6164 3102 .401 .201 107.79 34.27 .596 —  —  —  —  —  —  

Total Farm Labor 
1 3 8139 3102 .997 .380 107.79 56.321 .743 6.4 39.362 .079 
2 3 8139 3102 .837 .319 107.79 51.785 .684 
3 3 8139 3102 .686 .261 107.79 43.866 .579 — — — — — — 

"'Annual farm wage rate or operator's realized income. 

^Estimated from an insignificant coefficient. 
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the time trend were also included in the function. The re

sults of the analysis supported the hypothesis that the de

mand for hired labor is a function of the ratio of the farm 

wage rate to prices received lagged one year, of the time 

trend, and of the stock of productive farm assets. How

ever, the last variable appeared with a positive coefficient 

which gives only a short run explanation. Equations with 

the distributed lag assumption were also tested; but when 

farm assets variable was present, the coefficient of the 

lagged endogenous variable was insignificant. In our case 

the value of the stock of farm machinery appeared always 

with a negative sign and was significant when the current 

farm wage rate was present. The adjustment coefficient of 

the distributed lag equation was also higher (i.e., .7 versus 

.5). This difference in the results between the two studies 

might be explained by the somewhat different specification 

of the demand function and by the fact that they covered 

different time periods. No further comparisons will be 

made with the rest of the studies mentioned in the review 

of literature because of the quite different specification 

of the demand function for farm labor which often includes 

supply variables as well. 
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F. Summary and Conclusions 

In this chapter an en^irical analysis of the aggre

gate demand for farm labor in the U.S. was conducted. The 

preceding regional analysis of the farm labor market of the 

north central region is an important step toward a full 

scale analysis of the U.S. farm labor market. Also the 

separate analysis of the demand for hired and family farm 

labor has been crucial in determining the factors that in

fluence the demand for total farm labor. 

The results supported the hypothesis that the aggre

gate demand for total farm labor is a function of the 

operator's realized farm income# the index of prices re

ceived for farm products, the stock value of farm machinery, 

and of the time trend reflecting the changes in technology. 

The coefficient of determination in all equations was high 

enough to guarantee a good fit within the sampling period. 

The Durbin-Watson test concerning the degree of autocorrela

tion among the residuals was in most cases inconclusive; 

however, the hypothesis that the residuals follow a first 

order autoregressive scheme did not improve the results in 

all cases. 

The elasticity of demand of all categories of farm 

labor.- vrhich was found to "be very low in the short run. is 

related to the structural rigidities that exist in the farm 
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sector. The assumption that the demand for farm labor is 

better related to the stocks of such productive farm assets 

as the farm machinery rather than to the price of operating 

inputs was also supported by the results. The low demand 

elasticities imply that farm operators do not change their 

capital stock significantly in the short run if a change 

occurs in the farm wage rate or in the prices received for 

farm products. This happens because the substitution of 

capital for labor in agriculture requires time. The organi

zation of the farm structure is closely related to the 

substitutability of capital for labor; thus farm operators 

might postpone purchases of new machinery and equipment until 

they increase the farm size by purchasing or renting more 

land. 

The significance of the time trend with a negative co

efficient as a variable in the demand function for farm 

labor implies that the demand curve will shift to the left 

over time due to the technological innovations and the im

proved quality of farm equipment. The adaptation of the 

farm sector to new systems requires new organization of the 

farms which will probably take a considerable amount of 

time. The comparison of our analysis with other studies 

and some of the previous studies themselves (11, 14) have 

shown that the demand elasticity has been increasing over 

time. This can be attributed to the improved level of 
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education and communication of the farm labor force. 

However, the low farm incomes and wages which are still 

prevailing in the farm sector, in relation to the nonfarm 

incomes and wages, show that the public and private in

vestment in factors affecting the mobility of the farm 

labor force has not been adequate. 
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VIII. APPENDIX 

The Data 

The nature and the sources of all the necessary data 

which was used for the development of all regional and 

national variables of the empirical analysis are discussed 

below. 

There are two methods by which the data concerning the 

quantity of hired, family and total farm labor is developed. 

The first method measures the number of persons and the 

number of hours they worked each year. Then on the basis of 

this information an estimate of "man-hours" worked is de

rived. The second method sets a minimum level of farm work 

throughout the year and counts the number of persons who 

were on the farms during that period. Annual estimates of 

farm labor by both methods are made by the United States 

Department of Agriculture.^ In this study estimates of 

farm labor made by the second method were used, because the 

focus of the analysis and the resulting policy implications 

was on the number of people involved in the prediction 

process rather than on the amount of man-hours worked during 

the year. 

Regional variables: State data concerning estimates of 

^For more details concerning these estimates see ref 
erence 31, pp. 2-3 and reference 34, pp. 3-4. 
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the quantity of hired, family and total farm labor were 

obtained from United States Department of Agriculture re

ports (28, 34), then farm labor estimates for each subregion 

were obtained from summing the state data. Since no state 

data are reported for the 1939-1949 period, the quantity of 

farm labor in the subregions WNCj and WNC^^ was assumed to 

be a linear function of the quantity of farm labor in the 

west north central region of the form Y = a + bX. The 

parameters a and b were estimated by using data from 1950 

to 1970; then farm labor estimates for the two subregions 

were predicted for the 1939-1949 period. All regional data 

concerning hired, family and total farm labor are presented 

in Tables Al, A2, and A3. Data concerning the rest of the 

regional variables are summarized in Tables A4 through All. 

State data concerning the index of the composite farm 

wage rate were taken from United States of Agriculture re

ports (35). The farm wage rate for each region was obtained 

by using as weights the number of hired farm workers in 

each state. Since no state estimates are reported earlier 

than 1948, the regional farm wage rate was assumed to be 

linearly related with the U.S. farm wage rate. As in the 

case of farm labor, the regression coefficients a and b were 

estimated and values of the regional farm wage rate were 

predicted for 1939-1947. 

State data concerning the hourly wage rate in 
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manufacture were taken from United States of Commerce re

ports (39). The wage rate in manufacture for each region 

was obtained by using as weights the number of employees 

on payrolls of manufacturing establishments in each state 

which were taken from report (41). Since no state estimates 

of the wage rate in manufacture are reported earlier than 

1950, the regional wage rate was assumed to be a linear 

function of the U.S. wage rate in manufacture and regional 

estimates for the period 1939-1949 were obtained as in the 

case of the farm wage rate. 

The gross farm income was defined as the sum of: 

receipts from farm marketings plus the value of home con

sumption plus government payments. State data concerning 

the farm income components were taken from reports (37). 

Regional estimates of gross farm income were derived by 

summing the state data. State data concerning the farm pop

ulation were taken from U.S. Department of Agriculture reports 

(29, 30, 31). For the years 1939 to 1960 regional totals 

of farm population were obtained from summing state data. 

For the years 1961 to 1970 when no state data were re

ported the farm population of each region was assumed to 

be a linear function of the total U.S. farm population. 

Then for each region farm population estimates were pre

dicted for 1961-1970. The gross farm income per capita for 

each region was computed by dividing the total gross farm 
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income by the corresponding farm population. 

State data concerning the value of the stock of farm 

machinery and ecpii^xnent for the period 1945-1965 were taken 

from source (32). Since no state data of farm machinery 

are reported after 1965, estimates of the stock values for 

the years 1966, 1967, 1968, and 1969 were derived based 

on information concerning the machinery expenditures by 

state, the total U.S. machinery expenditures and the total 

U.S. machinery depreciation. In particular, the deprecia

tion of farm machinery and equipment for each state was 

derived by multiplying the ratio of machinery es^penditures 

by state to the total U.S. machinery expenditure times the 

total U.S. machinery depreciation. Then the depreciation 

for each state was computed for the years 1950 to 1969. All 

data concerning farm machinery expenditures and depreciation 

were taken from reports (43, 44, 45). The next step was to 

estimate depreciation rates in each state by dividing the 

value of state depreciation by the corresponding stock 

value, for the period 1950-1965; then the average deprecia

tion rate for each state was computed. The stock values of 

farm machinery for each state for the years 1966, 1967, 

1968, and 1969 were computed by multiplying the average 

depreciation rate by the state depreciation. Estimates of 

the stock values of farm machinery for the ENC, WNC^, WNC^^ 

and NC regions were obtained from summing the state estimates. 
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The U.S. rate of unemployment was taken from report 

(40), while the index of prices received by farmers for 

farm products was taken from report (36). 

Variables used in the demand analysis of the United 

States: Estimates of the quantity of hired, family, and 

total farm labor in the U.S. were taken from reports (28). 

The annual wage rate per hired farm worker was computed by 

dividing the total farm wages (32), by the total number of 

hired farm workers. The operator's realized net income per 

farm was taken from report (37), and the value of the stock 

of farm machinery and equipment from (33). The price index 

of farm machinery, the index of prices received for farm 

products and the index of prices paid for production ex

penses were taken from reports (36). The consumer price 

index was taken from report (8). 
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Tables 

Table Al. Regional hired farm labor in 1,000 workers 

Year ENC WNC^ WNC^^ NC 

1939 
1940 
1941 
1942 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 

328.0 
319.0 
300.0 
278.0 
261.0 
228.0 

214.0 
222.0 
220.0 
229.0 
231.0 

237.0 
236.0 
226.0 
213.0 
215.0 

206.0 
196.0 
192.0 
195.0 
187.0 

182.0 
182.0 
177.0 
177.0 
152.0 

133.0 
117.0 
108.0 
102.0 
94.0 

187.7 
192.6 
196.3 
189.6 
177.3 
161.3 

147.3 
162.0 
177.3 
181.0 
167.5 

170.0 
160.0 
147.0 
142.0 
140.0 

134.0 
124.0 
123.0 
126.0 
121.0 

114.0 
111.0 
121.0 
114.0 
100.0 

95.0 
86.0 
85.0 
80.0 
75.0 

119.3 
122.4 
124.7 
120.4 
112.7 
102.7 

93.8 
103.0 
112.7 
115.0 
106.5 

105.0 
97.0 
92.0 
90.0 
88.0 

82.0 
77.0 
81.0 
86.0 
82.0 

82.0 
77.0 
77.0 
70.0 
64.0 

60.0 
60.0 
54.0 
47.0 
46.0 

635.0 
634.0 
621.0 
588.0 
551.0 
492.0 

455.0 
487.0 
510.0 
525.0 
505.0 

512.0 
493.0 
465.0 
445.0 
443.0 

422.0 
397.0 
396.0 
407.0 
390.0 

378.0 
370.0 
375.0 
361.0 
316.0 

288.0 
263.0 
247.0 
229.0 
215.0 
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Table A2. Regional family farm labor in 1,000 workers 

Year ENC WNC^ WNC^^ NC 

1939 1321.0 944.9 573.3 2836.0 
1940 1285.0 929.1 563.1 2774.0 
1941 1258.0 916.3 554.8 2726.0 
1942 1260.0 908.4 549.6 2715.0 
1943 1258.0 929.7 563.5 2748.0 
1944 1257.0 937.0 568.2 2759.0 

1945 1257.0 937.6 568.6 2760.0 
1946 1295.0 975.4 593.1 2860.0 
1947 1303.0 1002.8 610.9 2913.0 
1948 1335.0 1013.2 617.6 2962.0 
1949 1282.0 967.5 588.0 2834.0 

1950 1331.0 937.0 569.0 2835.0 
1951 1306.0 898.0 550.0 2754.0 
1952 1295.0 873.0 534.0 2702.0 
1953 1274.0 864.0 520.0 2658.0 
1954 1250.0 844.0 506.0 2600.0 

1955 1218.0 831.0 501.0 2539.0 
1956 1163.0 771.0 468.0 2394.0 
1957 1115.0 751.0 451.0 2310.0 
1958 1093.0 748.0 451.0 2282.0 
1959 1066.0 733.0 444.0 2236.0 

1960 1038.0 717.0 421.0 2176.0 
1961 1099.0 709.0 410.0 2218.0 
1962 968.0 694.0 404.0 2066.0 
1963 937.0 683.0 390.0 2010.0 
1964 892.0 662.0 376.0 1930.0 

1965 819.0 609.0 351.0 1779.0 
1966 769.0 571.0 333.0 1673.0 
1967 715.0 542.0 318.0 1575.0 
1968 696.0 526.0 311.0 1533.0 
1969 677.0 516.0 300.0 1493.0 
1970 670.0 502.0 293.0 1465.0 
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Year 

1939 
1940 
1941 
1942 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 
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Regional total farm labor in 1,000 workers 

ENC WNCj NC 

1649.0 
1604.0 
1558.0 
1538.0 
1519.0 
1485.0 

1471.0 
1517.0 
1523.0 
1593.0 
1542.0 

1568.0 
1542.0 
1521.0 
1487.0 
1465.0 

1424.0 
1359.0 
1307.0 
1288.0 
1253.0 

1220.0 
1191.0 
1145.0 
1114.0 
1044.0 

952.0 
886.0 
823.0 
798.0 
771.0 
767.0 

1132.7 
1121.7 
1112.5 
1097.9 
1107.0 
1098.5 

1085.0 
1137.5 
1180.3 
1184.6 
1129.0 

1107.0 
1058.0 
1020.0 
1006.0 
984.0 

965.0 
895.0 
874.0 
874.0 
854.0 

831.0 
820.0 
815.0 
796.0 
762.0 

704.0 
657.0 
627.0 
606.0 
591.0 
578.0 

688.8 
681.8 
676.0 
666.6 
672.5 
667.0 

658.4 
691.9 
719.1 
721.9 
686.5 

672.0 
647.0 
626.0 
610.0 
594.0 

572.0 
537.0 
525.0 
527.0 
519.0 

503.0 
487.0 
481.0 
461.0 
440.0 

411.0 
393.0 
372.0 
358.0 
346.0 
338.0 

3471.0 
3408.0 
3347.0 
3303.0 
3299.0 
3251.0 

3215.0 
3347.0 
3423.0 
3500.0 
3358.0 

3347.0 
3247.0 
3167.0 
3103.0 
3043.0 

2961.0 
2791.0 
2706.0 
2689.0 
2626.0 

2554.0 
2498.0 
2441.0 
2371.0 
2246.0 

2067.0 
1936.0 
1822.0 
1762.0 
1708.0 
1683.0 
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Year 

1939 
1940 
1941 
1942 
1943 
1944 

1945 
1945 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 
19/0 
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Index of the composite farm wage per hour 
(1957-59 = 100) deflated by the index of prices 
paid for living expenses 

ENC WNCj WNCjj NC 

50.88 
51.17 
54.60 
60.34 
69.50 
78.04 

83.59 
81.56 
76.28 
76.03 
76.34 

74.84 
75.77 
79.43 
81.25 
80.60 

81.40 
83.01 
83.82 
84.57 
89.04 

90.86 
91.82 
93.06 
94.29 
95.66 

98.12 
102.17 
107.11 
110.93 
115.94 
115.86 

79.03 
79.23 
81.51 
85.32 
91.40 
97.06 

100.75 
99.40 
95.90 
95.73 
95.93 

94.94 
95.56 
97.99 
99.20 
98.77 

99.29 
100.37 
100.90 
101.40 
104.37 

105.58 
106.21 
107.03 
107.86 
108.76 

110.40 
113.08 
116.36 
118.90 
122.23 
124.16 

79.66 
79.85 
82.06 
85.77 
91.68 
97.18 

100.77 
99.46 
96.05 
95.89 
96.09 

95.12 
95.72 
98.08 
99.26 
98.84 

99.35 
100.39 
100.91 
101.40 
104.28 

105.46 
105.08 
106.87 
107.67 
108.55 

110.14 
112.75 
115.94 
118.41 
121.64 
123.51 

72.55 
72.74 
74.89 
78.50 
84.26 
89.63 

93.12 
91.85 
88.52 
88.37 
88.56 

89.16 
87.01 
90.81 
93.43 
91.95 

92.58 
92.87 
92.10 
91.86 
95.45 

96.54 
97.42 
98.89 
99.75 
100.94 

102.71 
105.94 
108.70 
110.25 
113.22 
lie ran 
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Table A5. Ratio of the index of the deflated coitç)osite 
farm wage rate per hour (1957-59 = 100) to the 
index of the deflated hourly wage rate in manu
facture (1957-59 = 100) 

Year ENC WNC^ WNC^^ NC 

1939 87.21 147.74 131.61 124.51 
1940 84.46 141.45 127.58 120.19 
1941 84.71 135.08 124.03 116.33 
1942 87.85 131.10 122.50 114.42 
1943 94.92 130.28 123.60 115.20 
1944 102.15 131.69 116.07 117.44 

1945 111.58 139.83 133.06 124.43 
1946 111.87 142.41 134.61 126.11 
1947 105.86 139.23 131.38 122.99 
1948 104.01 136.72 129.46 121.01 
1949 99.19 129.06 123.82 115.20 

1950 93.04 119.80 122.69 110.88 
1951 94.63 124.91 122.53 109.22 
1952 95.83 119.53 118.70 109.33 
1953 92.65 114.78 113.91 106.78 
1954 90.44 111.53 108.81 103.36 

1955 86.67 107.48 106.03 98.66 
1956 85.60 104.56 103.11 95.75 
1957 85.51 103.42 101.98 93.83 
1958 95.65 101.78 102.27 93.91 
1959 86.50 101.78 102.58 92.89 

1960 86.86 100.48 102.07 92.33 
1961 96.68 98.73 100.60 92.03 
1962 85.91 97.77 99.08 91.30 
1963 85.60 96.96 98.56 90.50 
1964 85.23 96.01 97.48 90.14 

1965 86.19 95.75 98.93 90.37 
1966 89.05 97.32 100.36 92.43 
1967 92.69 98.06 102.64 94.11 
1968 93.32 98.38 103.95 92.94 
1969 97.08 100.42 106.03 94.59 
1970 100.18 101.61 107.64 97.18 

®The ratio has been multiplied by 100. 
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Table A6, Gross farm income per capita in constant 
(1957-59 dollars) deflated by prices paid for 
living expenses 

Year ENC WNC^ WNC^^ NC 

1940 1001 .94 1241 .44 1237 .63 1121 .91 
1941 1209 .74 1475 .62 1542 .52 1356 .09 
1942 1477 .78 1842 .89 2084 .69 1707 .00 
1943 1716 .14 2236 .66 2649 .42 2054 .77 
1944 1772 .59 2144 .95 2599 .12 2044 .29 

1945 1760 .30 2175 .37 2760 .78 2077 .78 
1946 1893 .56 2255 .65 2799 .44 2176 .35 
1947 1835 .80 2386 .04 3096 .99 2243 .20 
1948 1870 .34 2250 .47 2964 .10 2191 .35 
1949 1484 .38 2106 .57 2667 .38 1997 .46 

1950 1713 .43 2227 .67 2768 .26 2068 .85 
1951 1897 .94 2301 .94 2915 .64 2214 .18 
1952 1897 .47 2190 .24 2876 .43 2170 .85 
1953 1944 .66 2317 .83 2692 .52 2204 .39 
1954 1910 .80 2306 .85 2712 .28 2189 .04 

1955 1813 .93 2170 .79 2568 .06 2070 .65 
1956 1941 .15 2195 .01 2560 .69 2139 .20 
1957 2006 .43 2291 .46 2610 .58 2194 .51 
1958 2092 .78 2588 .92 3303 .21 2483 .88 
1959 1997 .37 2472 .00 3276 .80 2394 .92 

1960 2177 .47 2698 .33 3381 .48 2574 .51 
1961 2364 .07 2816 .23 3789 .63 2777 .82 
1962 2470 .33 2951 .00 4026 .01 2917 .95 
1963 2574 .64 3047 .07 4269 .75 3045 .91 
1964 2644 .22 3168 .20 4152 .77 3098 .89 

1965 2786 .47 3485 .24 4562 .17 3350 .19 
1966 3186 .62 3820 .25 5419 .30 3813 ,23 
1967 3046 .11 3754 .12 5410 .75 3723 .43 
1968 3118 .69 3822 .31 5406 .81 3781 .07 
1969 3178 .59 4045 .97 5802 .73 3959 .40 
1970 3162 .59 4015 .82 5787 .32 3939 .82 
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Table A7. Value of the stock of farm machinery in constant 
(1957-59) millon dollars, deflated by the index 
of prices paid for production expenses 

Year ENC WNC^ WNC^.^ NC 

1939 0. 0 0. 0 0 .0 0 .0 
1940 0. 0 0. 0 0 .0 0 .0 
1941 0. 0 0. 0 0 .0 0 .0 
1942 0. 0 0. 0 0 .0 0 .0 
1943 0. 0 0. 0 0 .0 0 .0 
1944 0. 0 0. 0 0 .0 0 .0 

1945 2235. 20 1518. 80 1238 .30 4992 .30 
1946 1683. 80 1148. 20 974 .60 3806 .60 
1947 1385. 10 947. 50 836 .90 3169 .50 
1948 1700. 10 1168. 50 1073 .90 3942 .50 
1949 2393. 10 1645. 20 1575 .10 5613 .40 

1950 2792. 00 1934. 40 1846 .20 6572 .60 
1951 2907. 20 2039. 10 1916 .20 6862 .50 
1952 3426. 00 2406. 00 2259 .40 8091 .30 
1953 3847. 20 2715. 60 2557 .00 9119 .80 
1954 4096. 10 2900. 50 2711 .60 9708 .20 

1955 4200. 40 2998. 30 2789 .30 9988 .60 
1956 4387. 20 3143. 00 2916 .60 10446 .90 
1957 4454. 90 3207. 20 2949 .90 10612 .00 
1958 4310. 90 3130. 10 2876 .00 10316 .90 
1959 4642. 00 3385. 80 3072 .50 11100 .30 

1960 4739. 30 3481. 20 3182 .70 11403 .10 
1961 4657. 20 3436. 90 3147 .80 11241 .90 
1962 4680. 70 3469. 30 3153 .90 11303 .90 
1963 4705. 80 3494. 10 3171 .30 11372 .10 
1964 5032. 40 3740. 60 3363 .10 12136 .10 

1965 5236. 50 3910. 50 3494 .80 12641 .80 
1966 4974. 60 3742. 40 3547 .00 12264 .00 
1967 5378. 40 4051. 90 3849 .80 13280 .10 
1968 5694. 20 4290. 90 4084 .10 14069 .20 
1969 5770. 30 4331. 40 4143 .20 14245 .00 
1970 0. 0 0. Ù 0 .0 . G 
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Table A8. Value of the stock of farm machinery in constant 
(1957-59) million dollars, deflated by the index 
of prices paid for farm machinery 

Year ENC WNC^. WNC^^ NC 

1939 0. 0 0. 0 0. 0 0 .0 
1940 0. 0 0. 0 0. 0 0 .0 
1941 0. 0 0. 0 0. 0 0 .0 
1942 0. 0 0. 0 0. 0 0 .0 
1943 0. 0 0. 0 0. 0 0 .0 
1944 0. 0 0. 0 0. 0 0 .0 

1945 3049. 30 2072. 00 1689. 30 6810 .70 
1946 2410. 70 1643. 80 1395. 40 5450 .00 
1947 2054. 80 1405. 80 1241. 50 4702 .00 
1948 2416. 10 1660. 60 1526. 20 5602 .80 
1949 2878. 00 1978. 60 1894. 30 6750 .90 

1950 3382. 70 2343. 70 2236. 90 7963 .20 
1951 3633. 60 2548. 70 2395. 00 8577 .30 
1952 4158. 50 2920. 50 2742. 50 9821 .40 
1953 4320. 40 3049. 60 2871. 50 10241 .50 
1954 4567. 30 3234. 20 2023. 60 10825 .10 

1955 4610. 00 3290. 80 3062. 00 10962 .80 
1956 4590. 00 3288. 30 3051. 50 10929 .90 
1957 4567. 00 3287. 90 3024. 10 10879 .10 
1958 4349. 20 3158. 00 2901. 60 10408 .80 
1959 4528. 30 3302. 90 2997. 30 10828 .50 

1960 4485. 40 3294. 70 3012. 20 10792 .30 
1961 4322. 40 3189. 80 2921. 50 10433 .80 
1962 4332. 10 3210. 90 2919. 00 10461 .90 
1963 4328. 70 3213. 40 2916. 50 10458 .60 
1964 4477. 60 3328. 20 2992. 30 10798 .10 

1965 4628. 40 3456. 40 3089. 00 11173 .90 
1966 4375. 60 3291. 90 3120. 00 10787 .50 
1967 4558. 10 3433. 90 3262. 60 11254 .60 
1968 4686. 60 3531. 70 3361. 40 11579 .70 
1969 4701. 90 3529. 40 3376. 00 11607 .30 
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Table A9. Index of the ratio of prices received for farm 
products to prices paid for living expenses (a) 
(1957-59 = 100); index of prices received for 
farm products (b) (1957-59 = 100); U.S. unem
ployment rate (c) 

Year a® b c 

1939 93.6 39.3 17.2 
1940 97.7 41.4 14.6 
1941 112.8 51.3 9.9 
1942 126.2 65.8 4.7 
1943 137.5 79.9 1.9 
1944 133.1 81.5 1.2 

1945 134.5 85.7 1.9 
1946 138.1 97.7 3.9 
1947 137.7 114.2 3.9 
1948 135.2 118.8 3.8 
1949 121.6 103.4 5.9 

1950 124.0 106.8 5.3 
1951 133.2 125.0 3.3 
1952 125.6 119.2 3.0 
1953 112.1 105.5 2.9 
1954 107.7 101.8 5.5 

1955 101.6 96.0 4.4 
1956 99.2 95.2 4.1 
1957 98.5 97.2 4.3 
1958 103.0 103.4 6.8 
1959 98.5 99.3 5.5 

1960 97.0 98.5 5.5 
1961 97.5 99.3 6.7 
1962 97.8 101.0 5.5 
1963 96.4 100.5 5.7 
1964 93.4 98.1 5.2 

1965 95.8 102.6 4.5 
1966 99.8 110.1 3.8 
1967 93.3 105.1 3.8 
1968 92.1 108.0 3.6 
1969 92.6 113.6 3.5 
1970 90.4 115.8 5.6 

®The ratio has been multiplied by 100. 
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Table AlO. Hired (a), family (b) and total (c) farm labor 
in 1,000 workers in the United States. Value 
of the stock of farm machinery (d) in constant 
1957-59 billion dollars (deflator: price index 
of farm machinery) 

Year abed 

1941 2652.0 8017.0 10669.0 8.29 
1942 2555.0 7949.0 10504.0 9.58 
1943 2436.0 8010.0 10446.0 11.13 
1944 2231.0 7988.0 10219.0 11.90 

1945 2119.0 7881.0 10000.0 13.19 
1946 2189.0 8106.0 10295.0 10.60 
1947 2267.0 8115.0 10382.0 9.19 
1948 2337.0 8026.0 10363.0 11.01 
1949 2252.0 7712.0 9964.0 13.36 

1950 2329.0 7597.0 9926.0 15.73 
1951 2236.0 7310.0 9546.0 16.90 
1952 2144.0 7005.0 9149.0 19.36 
1953 2089.0 6775.0 8864.0 19.98 
1954 2081.0 6570.0 8651.0 21.06 

1955 2036.0 6345.0 8381.0 21.29 
1956 1952.0 5900.0 7852.0 21.14 
1957 1940.0 5660.0 7600.0 21.20 
1958 1982.0 5521.0 7503.0 20.21 
1959 1952.0 5390.0 7342.0 20.93 

1960 1885.0 5172.0 7057.0 20.76 
1961 1890.0 5029.0 6919.0 19.91 
1962 1827.0 4873.0 6700.0 20.01 
1963 1780.0 4738.0 6518.0 20.01 
1964 1604.0 4506.0 6110.0 20.79 

1965 1482.0 4128.0 5610.0 21.38 
1966 1360.0 3854.0 5214.0 21.90 
1967 1253.0 3650.0 4903.0 22.34 
1968 1213.0 3535.0 4749.0 23.17 
1969 1176.0 3419.0 4595.0 21.82 
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Table All. Annual wage rate per hired farm worker (a) in 
constant 1957-59 dollars; operator's realized 
income (b) (per farm) in constant 1957-59 dol
lars; price index of farm machinery (c) 
1957-59 = 100; index of the ratio of prices 
received for farm products to prices paid for 
production expenses (d) (1957-59 = 100) 

Year a b^ c d^ 

1941 1035.1 2120.9 43.4 103.3 
1942 1224.1 2705.7 45.9 116.4 
1943 1432.2 3332.2 47.6 127.5 
1944 1611.4 3294.7 48.7 123.4 

1945 1703.2 3354.8 49.3 127.4 
1946 1636.1 3589.8 51.0 133.8 
1947 1479.9 3514.2 57.7 133.5 
1948 1456.4 3124.6 67.2 124.4 
1949 1465.0 2804.2 75.6 113.8 

1950 1401.8 2644.6 77.6 113.6 
1951 1392.7 2907.2 83.4 119.8 
1952 1404.9 2865.6 86.2 113.9 
1953 1391.1 2921.9 87.0 107.9 
1954 1320.1 2648.7 87.4 104.5 

1955 1359.1 2557.7 87.4 100.1 
1956 1410.8 2748.7 91.3 99.7 
1957 1427.8 2481.2 95.8 99.0 
1958 1427.5 2930.8 99.9 102.6 
1959 1464.7 2751.0 104.1 97.7 

1960 1527.7 2918.2 106.9 97.3 
1961 1546.5 3248.9 109.5 97.7 
1962 1569.7 3316.2 111.4 97.9 
1963 1610.5 3387.3 113.4 96.4 
1964 1729.6 3621.0 115.9 95.1 

1965 1794.9 3912.2 119.3 97.3 
1966 1926.8 4575.0 123.8 101.1 
1967 2038.0 4010.6 129.4 95.9 
1968 2142.4 4101.5 135.5 96.8 
1969 2212.1 4602.4 142.5 r\ r> r\ 

:? o • w 

^Deflator: prices paid for living expenses. 

^The ratio has been multiplied by 100. 
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