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INTRODUCTION

Continual change and adjustment characterize the environ-
ment in which today's farmer must operate., Even though ad~
Justments of important magnitude have taken place, a farm
problem persists: farm rescurce earnings remain low relative
to earnings in other segments of the economy. Hence, further
change and adjustment will continue to be a dominant feature
of agriculture.

The agricultural income problem stems from forces operating
in the national economy which affect both the supply of and
demand for agricultural products. Since consumer demsnd for
farm products is characterized by low income elasticities, a
rise in national and per capita income does not result in an
increase in total income to the agricultural producer. The
per capita demand for agricultural products decresses relative
to other goods and services, and industries with products
with high income elasticities bid up prices of factors used in
agriculture. Hence, the farmer's costs rise relative to
product prices, creating a "costeprice™ squeeze. On the
supply side, technolegical advancement causes changes in the
marginal productivities and marginal rates of substitution of
factors of production. Evidently, the low short-run elasticity
of factor supply, along with technical change and imperfection
in the factor markets have caused food output to increase

more rapidly than can be sbsorbed by population growth and a



rising national income. Substantial surpluses of agricultural
products have arisen accordingly.

One of the principal means of solving the farm income
problem is thought to be through adjustments in the size of
the farm labor férce. Hence, a knowledge of the factors which
affect the demand for and supply of farm labor as well as the
extent to which these factors influence farm labor is important.
The demand and supply for this particular resource, farm labor,
is @nalyzed in this thesis. Labor, of course, is naot an
inanimate resource that can be abruptly shunted out of agri=
culture in response to relative price changes. Rather, labor
represents a human rescurce with a consuming unit smbodied
in it.

Despite the importance of informstion concerning the
demand for and supply of farm labor, relatively little quanti-
tative research effort has been directed toward verification
of hypotheses in this area. However, the low-income problem in
agriculture and developments in quantitastive procedures have
led to a resurgence of interest in farm labor demand and
supply relationships.

Improved knowledge of quantitative demand and supply
functions for farm labor is of iImportance to economists and
national farm program administrators. Questions have arisen
as to the dsmand and supply responses of farm labor to changes
in important determining varisbles. For instance, of what

effect on the demand for farm lasbor is an upward change in



prices received? 1Is the supply of farm labor highly responsive
to changes in the farm wage? This paper does not pretend to
have final answers on these‘and other questions of farm labor
elasticities of response. However, an investigation of some

cf these problems has been conducted and tentetive solutions

are pregented.

Trends in Farm Labor and Related Inputs

The farm labor market has undergcne considerable change.
The géneral trend in agricultural employment since 1910 has
been in one direction - downward. By 1957, the total number
of farm workers had declined 45 per cent from the 1910 total.
(See Figure 2.) During the same period, estimated require-
ments for manehours in agriculture declined 50 per cent
(Figure 3). The annual rate of decrease has been far firom
constant, though, over the last 50 years. Total farm employ~-
ment dropped only 8 per cent from 1910 to 1930. In 1935, due
to the depression and a lack of off«farm opportunities, farm
employment had increased 2 per cent over the 1930 total. |
Since 1935, however, the rate of net migration from the farm
has been steadily Increasing as farm employment by 1946 had
declined 19 per cent from the 1935 level, and 25 per cent by
1957 from the 1946 level,

Included in total farm employment are seYepal different

groups of farm workers (52), of which the common distinction



Figure 1. Seasonal farm employment for the U.S., 1948 to
1958, with comparisons for seasonal family and

hired employment.,

Figure 2. Total farm employment, 1910 to 1957, with com-
pariscns for hired asnd family lebor (in millions
of persons).
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Figure 3. Man-hour requirements in agriculture and agricultural output
per man-hour, 1920 to 1957,
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is between hired and family workers; Roughly one-fourth ofufhe
7.6 million farm workers in 1956 were hired laborers. Other
than for minor changes, the hired labor force has constituted
25 per cent of the nastional farm labor force since 1910,

Hence, the changes in the numbers of hired and family workers
over time have been similsr to those of the total farm labor
force. However, this relative stability of the ratio of

hired to total farm employment does not hold true on & regional
basis.

Changes in farm labor over time for nine geographic
regions (Figure l}) are presented in Table 1. TwWo general con-
clusions were drawn from the data in Table 1: (1) The percent-
age changes from 1910-1957 ard 1929-1957 were similar. This
similarity indicated that farm employment in all but one
region decreased slowly from 1910-1929, but decreased rapidly
from 1929-1957. In the Pacific region, farm labor increased
in size from 1910-1957. (2) Changes in farm employment
between regions fluctuated more widely than for the U.S. as a
whole., No clear-cut pattern of relative change between hired
and famlly workers was apparent among the regions. Hence,
the consistency of the rslative size of the national hired
labor force was not corroborated on & regional level,

The seasonal pattern of farm employment has also changed.
In Figure 1 the amplitude of employment fluctuations sppeared
to diminish over time for family lsbor, but not for hired

labor. In Figure 5 the seasonal pattern of hired labor for



Figure J, Map of regions used for analysis.
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Table 1. Size of the farm labor force, by
and the percentage change 1
regions 1910 to 1957 and 1929 to
centage of 19102

11

n

n the

regions, for 1957,
labor force, by
1957, as a per=

Percentage
Size of farm change Percentage change, 1929-1957
labor force 1910-1957
1957 Totel farm Total farm Hired Family
_ employment employment workers workers
(per (per
(thousands) (per cent) (per cent cent) cent)
New England 172 -53 -36 -33 -38
Mid, Atlantic  Lil -53 -36 -L7 -30
E.N. Central 1307 -36 -22 -Sl -12
W.N. Central 1398 -36 -35 -65 =2l
South Atlantic 1345 -49 -L2 -36 =Ll
E.S. Central 969 -58 -5é =47 -58
W.S. Central 1000 -5l -57 -16 -61
Mountain 354 -18 -35 -46 =27
Pacific 588 +1l + 1 + 2 +1
United States 7577 Sh 40 by -39

8source: (128); (130:

Oct. 1953).

four regions is presented comparing the years 1931 and 1957.

More workers were employed in 1931 than in 1957 for most of

the months of the year.

For the summer months, however, the

number of workers employed was similar for the two periods.

This seasonal pattern is brought out in Figure 6.

For lnstance,

of a total of 3.6 million farm workers who did any farm work



Figure 5. Seasonal hired farm employment for four regions,
1931 as compared to 1957.
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Figure 6., Estimates of the hired farm working force (HFWF): the number
of different persons by days worked in agriculture, 1945 to 1957.
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for wages during 1956, 1.5 million or 4O per cent of the total
worked 25 days or less. .Only 750 thousand farm workers re-
ported working 150 days or over (83, pp. 34-35). Hence, while
decreasing the average need for farm workers, factors such as
mechanization and the adoption of improved cropping practices
have not reduced the seasonality of farm work, especlially for
hired labor.

Inputs other than farm labor, too, have demonstrated con-
siderable change over time. A number of changes‘in resource
use and structure of sgriculture have resulted from changes in

~technology and prices of factors and products. Farmers have
made large adjustments in the mix of resources used, shifting
from resources which are more expensive relatiﬁe to those
which are less expensive at the margin., The relative changes
in prices and inputs of major factors between 1940 and 1957
are shown in Table 2. In essence, these changes indicated
that as the price of a factor rose relative to product prices,
the use of the factor decreased. For example, the price of
farm labor increased relative to product prices, and the
number of man-hours worked decreased 34 per cent. The price
of land was also relatively high, and the amount of cropland
used decregsed or remained constant. The non-~farm inputs--
tractors and fertilizer--decreased in price relastive to
prices received while the quantity used of these inputs

increased,
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Table 2. Relative chasnge in prices and use ¢f major resource
categories, U.S., 1957 as compared with 1940

Hesource category and
porcentage change in
price, 1940 teo 1957,
as a per cent of 1940

Resource category and
percentage change in
use, 1940 to 1957,

as a per cent of 1940

VWage retes®

Real estate®

Farm machinery°

Fertilizer°

Farm productsh

427 Men-hours® =34
302 Croplandd -2
228 Tractors +203
154 FertiliserS +258
235 Farm output1 + 41

23source:
P3ource:
®Source:
dsource:
9%Source:
T30ures:
ESource:
Bgource:

isource:

(130
(133,
(123:
(133,
(123:
{133,
(133,
(12h
(133,

[ 1]

Jen. 9, 1959)

pe 20)

1957, p. 5263 1958, p. 467) ~

pe 10)

1957, p. 572; 1958, p. 467)

P. 29)

p. 16)

p. 63% (127: Oet. 15, 1959, p. 56)
pe 6)

Objectives

The problem of low relative income to farmers smid sube

stantial surpluses of farm products has created interest in

obtaining more knowledge of the structure of agriculture.

The

general objective of this thesis i1s to investigate the demand
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and supply for farmblabor. The emphasis is principally on
dem#nd; supply functions for farm labor were specified in a
two-equation simultaneous system to identify the farm labor -
demand function more adequately. Too, this study offers an
opportunity to present a methodological procedure which over
comes some of the disadvantages associated with the use of
autocorrelated economic time seriss.

The specific objectives are: (1) to estimate and analyze
empirical demand functlons for both hired and family labor on
a national and regional basis; (2) to estimate and analyze
supply functions fbr hired and family lsbor for the U.S.;

(3) to summarize and appraise the quantitative estimates of
the farm labor force; and () to offer predictions on the size

of the farm labor force in 1965 and 1975.
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REVIEW OF LITERATURE

Little empirical work hss been done in estimating quanti-
tative agricultural resource demand and supply functions. The
paucity of empirical knowledge of the factor mrkets, and of
farm labor in particular, spurred research in the area during
World War II. Early farm labor research of Schultz (107),
Ducoff (19) and Ahearn (1) was directed at descriptive analyses
of factors affecting farm employment of ths farm wage rate.

Black (7) indicated that there are regular and progressive
geographlc grsdations in farm wage rates 1n the U.S. that havs
persisted over time. Starting from a low in the southeastern
states, successively higher wage belts follow in a north-
westerly course across the U.S. This gsesogrsphy of farm wage
rates was investigated by Weatherford (136), Maitland and
Fisher (8}4), and Wolfson (139). Two of the studies concluded
that farm wage payments tended to equal the marginsl value of
labor for the periods and aress studied (136, p. 82, 139, p.
256). These writers further hypothesized that the "demand for
farm labor is not independent of the supply™ (136, p. 83), and
they noted "the complexity of factors that influence wage rate
differentials™ (84, p. 38).

T.W. Schultz was one of the first to note the particular
problems of agricultural factor markets and their relations

with industry (108).
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Studlies of a more empirical nature were published on the.
demand for fertilizer by Heady and Yeh (142) and Griliches
(35; 37). They observed the effect of technical change on the
utilization of this resource, and postulated that the rapid
rise in fertilizer use was occasioned by the fall in the price
of fertilizer relative to output and other input prices.

In a study of farm machinery, Cromarty (15) held that his
results did not indicate that machinery is directly substituted
for lebor as farm wage rates rise. He inferred that the in=-
fluence of new developments in farm machinery, which could not
be sdequately quantified, was of more importance than substie
tution between labor and existing mschinery.

Empirical studies of the demand for hired farm labor have
been presented by Griliches (36) and Schuh (105). Griliches
utilized a distributed lag equation conteining one explanatory
variable, the farm wage rate. Schuh used a system of
simultaneous distributed lag equations to study the supply of
hired labor. To identify the supply function, he utilized
a demand function similar to the Thell-Basmann equetion pre=
sented in this study. A comparison of the results of Schuh's
paper will be presented later in this study.
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THEORY OF FACTOR DEMAND AND SUPPLY

Prior to the presentation of the models used to derive
the demand and supply functions for farm labor, the under=
lying theory 1s presented. The models are sets of mathe-
matlical equations expressing economic theory. To determine
pfbper form and specification in empirical model-building, the
assumption is made that individusls snd groups of individuals
behave in some identifiable pattern which can be incorporated
into the structure of the model. In this study, the represen-
tation of behavior patterns by economic models is derived
essentially from the static and dynamic theory of demand. The
purpose of this chapter is to outline briefly the theory from
which the economic models are constructed, and to present

hypotheses which are tested in this study.

Static Theory and Factor Demand and Supply

The marginal theory of the firm provides the analyticsl
foundation for the emplirical studies which follow. For the
firm, the sssumptions of this study are those of competition and
profit maximization, A factor market is said ?oibe perfect if:
(1) the input is homogeneous and the buyers are uniform from
the sellers point of view; (2) buyers and sellers are
numerous; (3) both buyers and sellers are free to enter and

leave the market,
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A rational entrepreneur, with unlimited capital, opti-
mizes hig input combination by equating the price of each input
with the value of the marginal product of the input:

(1) py = vmp, ,

where p, 1s the price per unit of resource x, and vmpx 1s the
value of the marginal product of x.. In this sense, labor
should be used in quantity such that its marginal productivity
1s squal to the wsage rste.

The demand function for a factor may be derived in the
following manner, Assume that the i-th firm's production
function is:

(2) q = £(x3, x5) ,

where q is the output, and x; and x, are inputs. Profit,l ,
is equal to the output, q, multiplied by its price, less the
amount of each factor, x3 or xp, multipllied by its price.

This is: |

(3) 77 = pqof(xl, x5) - Pxy°X] = Pxo*Xp

where Pq 13 the price per unit of output and Px3 is the price
per unit of the i-th input. To find the meximum profit
position, the partial derivatives of Tfﬂare taken with respect

to the individusal resourées, and set to zero:

37 . -

(L) —5 = pgef1(x1, x2) - Px; = 0, end
él - -

(5) ‘ 0’12 = pq.fz(xl, xe) - pxa = Q.

From l§ and 5 solve for X1, the quantity demanded of the first
factor, and xp, the cuantity demanded of the second factor:
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(6) x3 = £1(px;s Pxy» Pq)s &nd
?
(7) =z, = £5(px,» Px,s Pq)-

The demand for labor is then a function of its own price, the
prices of other factors ard output price where the parameters
depend on the production function. In the aggregste, the
industry domand would bs the summation of the individual demand
functions (48, p. 107).

Factor supply _

A The static suﬁply function for a primary input such as
lsbor is based on the utility to an individual worker of
ieisure and work in terms of prospective income. 0Ostensibly.
then, the labor supply function of the 1-th individual is
dependent on the wage rate. The aggregate supply function is
obtained by & summation of individual supply functions,

Elasticities of demand and supply

The price elasticity of demand and supply is represented
by:
8) ¢ =%,
q

—-
P o

The price elasticity of demand, E s 18 a functional relation-
ship beiween the price, p, and the quantity, q, of the factor
which will be demanded at each price. The price elasticity
of supply 1s represented by the same equation (8), if q

represents the quantity of labor offered at price p. Since
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the elasticity is independent of the units of measurement,
it measures the responsiveness of the quantity demended or
supplied to changes in the price. Elasticities may be de-
rived for other pérameters, and represent the responsiveness
of the aquantity demended or supplied to changes in the

respective parameters.

Dynamic Theory and ractor Supply and Demand

The term dynamic is applied to the study of economic
phenomens when the consideration of time is introduced. In
dynamic systems values of the variables are partly or wholly
determined by the past behavior of the system. The relation
of statics and dynamics often is expressed in terms of the
adjustment period of a variable relative to an equilibrium
position. In the static case adjustment of the demand or
supply quantities to a change in an explanatory variable is
instantaneous, Adjustment in the dynamic case may lag over
a period of time. It is commonly accepted in economic
literature that the elasticity of a good will increase as the
time period encompassed increases, i.e., as the time period
passes from the short run to the long run. This concept
implies then that past prices are important determinants of

current demand.

The basic hypothesis of the models used in this study is

that in respcnse to a change in an explanatory variable there
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is a perceptible lag in the reaction of both producers in
changing their demand for labor and of workers in changing
their supply of labor. Considerable literature has been
devoted to the analysis of the lag'in consumer adjustments

to a price or other explanatory variable change. Friedman
(27), for instance, hypothesized that the consumers concept

of a long=-run normel income is important. Response by a
consumer to a change in cne of the explanatory variables would
depend on past experience and expoctations of the future,

What is true of a consumer is true, a fortiorli, of a

producer, Given a change in an independent variable that 1s
expected to pérsist, the reaction of a producer to altér his
demand for a factor or of a worker to alter the flow of his
services will be cumulative. This lagged response of demand
or supply of farm labor may result from a variety of reasons,
Factors that tead to lag the response of producers are:
(1) the fixed period of production in agriculture deters
changes in demand within the period; (2) contractual obliga-
tions with hired workers and obligations to family workers may
limit changes in demand; (3) habit and uncertainty sbout the
future may limit the extent of the chasnges in demand; (4) im-
perfect knowladge of changss in the determining variables;
“and (5) inability to immediately provide substitutes or com-
plements for labor as changes in defermining variables oceur,
The response to price changes of farm workers in supplying

their labor may lag over a period of time due to such‘factors
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as (1) uncertainty about the permanence of a price change;
(2) lack of aslternative employment opportunities or lack of
informetion about them; (3) lack of either farm or non=-farm
skills; and (4) contractual obligations and fixed periods of
production. |

A lag arises, then, when a change in s determining varia-
ble produces its effect on supply of demand only after some
lag in time. The effect of the change is not realized at once
but is distributed over & period of time. Hence,'the quantity
of farm labor demanded &s a function of the price of farm labor
teken with a distributed lag means thast the full effect of a
change in the price of farm labor on the demand for farm labor

is realized only after a period of time has elapsed.

Forms of distributed lags

Factor demand and supply equations taken with a distrib-
uted lag may differ considerably in form. In the static cass,
an equgtion such as the following is presented:

(9) x=12a + bpy

where x is the quantity demanded (or supplied) and p; 1is the
price of x, If, in the non-static case, the variables are
dated and x is assumed to &epend on current and all past
prices, equation 9 becomes: e

(10) xt = 8a + boplt + blpt"l' + bzpt-e + ce0e =8 + iz;-o biplt-i

Equation 10 states that x is determined by its price taken with
a distributed lag. |
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The short-run elgsticity of 10 is:

(11) €ar = bo ° —L s

X
while the long-run elasticity of 10 is:

(12) fr= (Z_b) « 2
i=0 1

X

where Py and X are values of p; and x at the mean or at
specific points in time.

An effort was made by Alt (3) to estimate an equation

iy

uch as equation 10. His procedure consisted of adding
lagged prices until the signs of the coefficients became
erratic. However, he was able to accept as consistent only
from two to four of the independent variables. Three comments
can be made about Alt's snalysis: (1) when the intercorrela-
tions among lagged variables are high, estimation of an -
equation similar to 10 is not very useful; (2) some a priori
hypothesis concerning the distribution of the lags must be
maede so that consistent and inconsistent signs of the
varlisbles can be differentiated; and (3) as the number of
variables and the lags are increased, the number of observa-
tions needed to perform the stetistical anelysis increasse.

A specific form of the distribution of the lag may be
assumed from which characteristics of the distribution may be
estimated. Xoyck (75) hypothesized that the hindrances causing
the lags will be gradually overcome so that the effect of the
price or other variable change will lessen over time. He

assumed that after some period i = k the coefficients
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bi’ 1 =0, 1, ¢eesy could be approximated by a convergent
geometric sgseries:
(13) bpyp = Abyype
where m20 and 04)41, Hence, the coefficients are assumed to
decrease by & consistent proportion over time,

Subsgtituting 13 intc 10 for the case where k = 0, the
equation becomes:
(1) x = & + bopyg + bokprgy * boXPrg-p + eoe
If equation 1l is lagged by one year and both sides of the
equation are multiplied by A, the resulting equation is:
(15) Axyay = ad + boAP1gay + DoAZD1gn + eee -
By subtracting 15 from 1ll, the following equation is derived:
(16) x¢ = a{l -2 ) +Ax,3 + bopy¢
Such that the determination of xy is dependent only on xg
lagged cne year and the current valus of pji. This method
of reduction may be extended to include more than one ex-
planatory variable under the assumption that the lags are the
same for each varisble. The distribution of the lags is
given by A and the short-run elasticity is the same as in 11l.
The cumulagéve offegt of a maintained price change is:

. b
(17)bo‘ZA‘“=_‘Z..
m=0 1=

andvhence, the long=-run elasticity is:
=P P
(8) €, = 1

® e ®
-

Nerlove (94) arrives at results similar to Koyck by use

of another set of assumptions concerning the cause of the lag
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in adjustment. He assumes both a long-run demand or supply

equation and an adjustment equation. The long=run equation

is of the form:

(19) yt* = a, + a3x3¢

where yt* is the long-run or equilibrium level of the quantity

demanded or supplied, and xy is the price of yg. Nerlove

hypothesizes that the utilizastion of the current quantity

demanded or supplied, yi, "would change in proportion to the

difference between the long-run equilibrium quantity and the

current quantity" (93, p. 308). This adjustment in equation

form is:

(20) ¥t = ¥go1 = D(TE™ = Fpoq)s 05b41,

where b, a constant of proportionality called the coefficient

of adjustment, indicates the reiative speed of adjustment.
Substituting 19 into 20, the resultant equation is:

(21) y¢ = bay + (1-b)yg.y + bayxg

and is essentially the same as eguation 16,

Hypotheses

In view of thévpurpose of the study and the aspects of
economic theory presented, the following hypotheses are tested
in this study. (1) The response of the demand or supply of
farm labor to changes in explanatory variables may not be
instantaneous within the initisl time period, but may lag
over several time perio&s. Consequently, the proper estima-

tional form of the models used should be taken with a
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distributed lag. (2) The demand for farm lasbor is a function
of its price-the farm wage rate, other input prices such as
farm machinery prices, and the returﬁ ocn product sold relative
to cost. (3) The supply of farm labor is dependent on the

wage rate, both ferm and non-farm,
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THEORETICAL MODELS OF FARM LABOR DEMAND AND SUPPLY

Farm lebor trends and relevant economic theories were
preéented in previous chaptefs. Particular models used in this
study are spécified in this chgpter, Essentially, the model
provides a well-defined statement of the economic hyﬁotheses
underlying the study and renders explicit the agssumptions on
thevbasis c¢f which the investigation proceeds. In 1deal form,
a model should specify all of the rslevant variables that ine
fluence the demand or supply of farm lsbor. In practice, how-
sver, sbme of the assumptions on which the analysis is based
mey be unrealistic resulting in specification errors. Exsmples
of these assumptions are: (1) formulation of the models that
over-simplify the dynamlic phenomens whose generation is to be
explained; and (2) the data contain errors of measurement or
may otherwise imperfectly represent the variables as theoreti-

cally specified.

The Model for the Demand and Supply of Hired and Family Labor

The following demand and supply equations were employed:
(22) (D) y1 = 819 + 837 X + 810 xp + ay), X + 815 Xg
(23) (S) y2 = app + 857 x1 + t 85 X5 + apg xg
where the variables ars:
¥y 1s the quantity of farm labor demanded.

X3 is the index of the aggregate average farm wage. The data
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were deflated by two principsl deflators: (1) the index of
prices paid by farmers in living expenses; and (2) the index

of prices pasid by farmers for production expenses, not includ-
ing wages. The rationale for including the wage rate variable
was that the farm wage rate 1s the price of hired labor and

was assumed to be the "going" price of family labor.

X, 1s the index of prices received by farmers for all commodi-
ties. When dgflated by the index of prices paid by farmers for
production expenses, the series is a ratio of product price to
cost.

X3 is the aggregate index of farm maschinery prices. Deflators
of this series were the same as for Xy- The inclusion of this
series should articulate substitutional relstionships with
farm labor. However, empirical demand functions including the
ppice of farm machinery appesred to be inconsistent in sign
and were non-significant. Equations containing the price of
farm machinery as a variable are accorded a separate analysis
later in the study. |

X, is the index of the value of farm machinery. The series was

compiled commencing with a deflated value of farm machinery on

farms from the 1930 census. For succeeding years, the deflated
additions to and depreciation of machinery and equipment were
added (or subtracted) from the prior year's total. Inclusion
of this variable should give an index of the change in the
scale of farming.

xg is time as a variable. A linear trend variable was used

to r epresent the technological changes that have occurred
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in farming, such as machinery innovation, improved seed, and
new farming practices. The basic assumption was that these
changes have occurred slowly over time so that they could be
represented by a time trend.
yo 1s the quantity of farm labor supblied.
Xg is 2 non-farm wage rate iariable. This variasble is a
composite of an index of hourly factory wages with the per~ _
centage of unemployment as compared with the total work force.
It wa§ assumed that when the percentage unemployment of the
total work force reached 20 per cent, no further off-farm |
opportunities exist. Consequently, at that level of unemploye
ment or greater, changes in non-farm'wﬁge rates have =
negligible effect in pulling labor from agriculture, Utilizing
this assumption, the percentage unemployment was not allowed
to rise over 20 per cent and was combined with the series of
average hourly esrning of factory workers in the following
manners:

A (1 - 50)
where A is the hourly earnings of factory workers and U is the
percent of unemployment. When the unemployment rate reaches
20 per cent, this variable becomes zero; when the unemploy-
ment rate is zero, the variable reaches the total of the

aworage earnings of factory workers.
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EMPIRICAL PROCEDURES

The previous chapters have presented the gtudy objectives,
some prior quantitative work; farm labor trends and relevant
economic theory of factor demand and supply. The actual
estimation utilizes statistical methodology as well as economic
concepts. This chapter presents the general statistical con-
sidgrations on which the analysls of farm labor is based.

These considerations include: (1) a presentation of the least
Squares mothod; (2) use of single and simultaneous equations;
(3) an autoregressive least squares technique; and () a

method of éstimation of simultaneous systems containing auto-

correlated errors.,

The Least-Squares Method

The demand and supply functions presented later in this
study were estimated by least squares methods. Wold states
that "...no other estimate of the relation will give such
small residusl variance” (137, p. 43). In multiple regression,
& general linear relatibnship of the form below 1s assumed
where y denotes the wariable to be explained, and xy to Xps

the explanatory variables:

(24) 7 = byx) + eeo + bpx; + 0,
where x3 = X = X are the deviations from the mean, the bj are
the regression coefficlents, and e is a random disturbance.

The assumptions are that the errors, ey, are independently
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distributed with expected value zeroc and a constant variance
over time (120, p. 27).

In the ﬁethod of classical least squares, the sum of
squares'of the deviations is minimized. The sum of squares to

be minimized is:

2 B2
(25) =2 (7 - byxp = eee - Bpx,)T = S ey
i=1 i=1
If the left hand side of 25 is differentiated with respect to
the bj, a set of normal eguations is obtained whose solutions

are the regression coefficlents.

Single and Simultaneous Equations

The least squares method has been used primarily to solve
single equations. Recent work’in the estimation of the para-
meters of economicgrelationships has stressed adapting statis-
tical methods to the type of data and objectives of economic
research. Recognition of the simultaneous nature of the
generstion of economic data has led to the dsvelopment of
techniques consistent with this interdependent characteristic
of the economic system (120, 118; S). The set of equations
specified in the model used in this study may be solved singly
or simultaneously. Solved singly, the least squares method
applies; solved simultaneously other techniques are needed.

The general form of equations 22 and 23 would appear as
the fbllowing to be solved simultaneously and taken with a
distributea lag:
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(26) (D) b33 77 *+ byp Yo * ©1] 23 + Cy5 Zp * €13 23 = 6

(27)  (8) bpy ¥y *+ Doy T, * €y 27 * Cpp 2p * Oy 7 = &
where y; 1s the quantity of farm labor, ¥o is the farm wage
rate, 2y 1s the quantity of farm labor lagged one year, zp

is time as a variable, z3 is the index of prices received,

zu is the composite non-farm wage rate varisble, and the ej
are the disturbanees in the respective equations.-—Tpe yj are
endogenous variables determined from outside the system. In
the system of equations above, both equations are just-identi=
fied since the number of exogenous variables excluded from
each 1s one less than the number of endogenous variables in=-
cluded in the equation. If the number of exogenous v arlables
excluded from the equation in question is larger than one less
than the number of endogenous variables in the equation, thse
system 1s said to be overidentified. The overidentified case
is usual in simultaneous equation estimation.

To estimate the regression coefficlents in a2 system of
equations in the overidentified case, the method of limited
information was developed. More recently, an alternative
estimating procedure was rzresented by Theil (118) and Basmann
{(5). It provides ease of computation utilizing least squares
methods and permits rapid estimation of the standard errors

of the coefficlents.
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Autoregreasive Least-Squares Techniques

Distributed lag equations such as 21 may be solved either
singly or simultaneously. However, difficulties of estimation
arise using either method. If an error term is added to 21

this simplified form.becomeé:
(28) yy oUxy *A¥goq + V4 = Vga1

where the error terms vy - vy _; are treated as a composite
disturbance. Koyck (75) suggested that the usual least

squares analysis of 28 will lead to biased estimates of ¥ and
A, the true parameters, unless there is no autocorrelation

in the residuals. Further, Klein (72) stated that the composite
error term has an automatic serial correlation even if the

Vi are serlally independent. The error term in period t is
correlated with that of period t-l1 because both error terms
contain a mutual term, vg.i, i.e., (vg- vg.3y) and

(vgay - vt-a).-

Nerlove and Addison state that estimation using distributed
lag equations overcomes the residual autocorrelation problem.
The Durbin-Watson test for residual correlation (22) indicates
that there is no significant autocorrelation among the
residuals. However, it is likely that the use of the lagged
dependent variable will extract most of the autocorrelation
from the residuals, and will result in biased coefficients if

there 1s residual correlation.
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Koyck proposes a technique to obtaln consistent estimators
which depend on the assumption that the error term, uy, is
generated by an autoregressive scheme,

(29) ug =ﬁut-1 + 8¢ . |
The assumptions are that ug has a zero mean and a constant

variance, e, 1s not correlated with ug_, and there is no

t
autocorrelation among the e's (75, p. 34). Further, he assumes
specific values off?. Estimation by ﬁhis technique 1s referred
to as autoregressive least squares.

In an equation such as in 30, assuming that a first-order
autoregressive scheme applies, the cases in which a variable
b!' is a consisteht estimator of the real b has been outlined
bj Fuller (31). He shows that given Koyck's basic equation:
(30) yy = axg + byg.q + ug
combined with the autéregressive scheme of equation 29 leads to:
(31) uy = P(Fgay = 8xga) - bYpop) + o -
By substituting equation 31 inte 30, he shows that the
probabllity 1limit of b' is given by

2
(1- r )
Xe Vg -p@

(32) plim bt =b + B

T+FP (1 - r< ) )

Txg¥t-1
Under these assumptions, b' is a consistent estimator of b only
when @ = 0. These results-indicate that a more accurate
estimate of b can be obtained if the value of,3 were known.
Since there is ususally #utocorrelation among economic time

series, 1t is likely that estimates of b have an upward bias,



39

depending on the value of 6 o

Methods for estimating ﬁ have been presented by Klein
(72) and Orcutt and Cochrane (13). A simplified method for
estimating P by an iterative process has been developed by
W. Fuller, and will be published in a forthcoming paper (30).
Basically, the method is as follows:

(33) Jg < axt + (b +ﬁ) yt-l - 8.# Ziwl ~ bé 73«-2 + St o
N
A regression on these variables provides initiasl values of

estimates of a, b, and @ « By a method of non-linear
regression (79), a function containing the estimates of the
coefficients is expanded in a first-order Taylor expansion
about the point defined by the initial values above. The sums
of squares and cross products for the Taylor expansion become
linear combinations of those in 33. The results of the Taylor
expansion yleld:
(34) y¢ = o + 2308 + zaag + 23°§’ where

Yo = V¢ - §t, the residuals in 133,

22 = Jg-1 © ;7t;2’

Z3 = Jte1 ~ 3‘1:-1 = g-‘ft-a’

where ﬁ, g, and ﬁ are the initial estimates of the coefficients,
and the Aa, &b, and A8 represent c@angea in the estimates for
each iteration., The least squares method applied to 3|
produces further changes in the estimates, and the iterative

procedure continues until the change becomes sufficiently
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small, The final values are consistent estimates of the
coefficients (30).

Since the models derived in this study are all "shock"
models, the data are presumed to be measured without error.,
The results may be invalidated to some extent, since errors
of observation in economic time series are usunally present.

A method of dealing with this problem is presented by Tintner
(120), and an example involving labor has been analyzed by'
Mosbaek (90).

Estimation of Simultaneous Systems

Containing Autocorrelated Errors

A distributed lag equation -may be solved simultaneously
by the same techniques as a general least squares equation not
containing a lag. 4 single equatioﬁ of a system of equations

may be written as:

h
(35) vy = 1?; BiTit + ;‘—: X 32Z4g + Ugg »

where y and z are as defined under equations 26 and 27 and «
and 8 are the parameters to be estimated. Theil and Basmann
(5, 118) have shown that consistent estimates are obtainable
for A« and 8 when the yy, are replaced by'?it, obtained by
regressing each yit on all of the exogenous variables.

Equation 35 may be rewritten as:

SE pg T «
(36) 71¢ = = Py¥ig + g—; 1%it * °g»
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where e represents a new orror term, The regression coeffi-
clents are estimated by classical least squsres applied to the
transformed equation. Since the Theil-Basmann solution uses
information contained in all the exogenous variables in the
complete system, 1t approaches the efficiency of the method
of limited information (70, p. 13).

Fuller (30) shows that autoregressive least squares
equations may also be estimsted simultaneously. His procedure

is outlined in Appendix D.
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SOURCES AND NATURE OF DATA

Several sources of farm employment data exist. To indi-
cate the basis of cholice, all of the major farm employment
series are presented and analyzed critically in this chapter.
Sources of date other than those for farm employment which are

necessary in the following labor analysis sre slso explained.

Major Sources of Employment Data

The major sources of farm employment data are: (1) employ-
ment estimates of the Agricultural Marketing Service of the
U.S.D.A. herein referred to as the AMS series (128); (2) esti-
mates published by the Bureau of the Census, the Current
Population Survey, herein referred to as CPS (121); (3) man-
hour requirements estimated by the Agricultural Research
Service of the U.S.D.&. herein referred to as FERD (133); and
(4) estimates of the hired farm working force of the Agricul-
tural Markefing Service of the U.S.D.A., and based on a sur: -
vey by the Bureau of the Census, herein referred to as HFWF
(85). Though not described here, a rough estimste of the

number of availeble farm workers may be derived from farm

population estimstes.

Comparison of the major employment series

The most important of the sets of farm employment esti-

metes are the AMS and the CPS series. A discussion of these
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sets of data are presented immediately below, while the re-
maining sets of employment data are accorded separate
snalysis lsater.

The CPS and AMS farg employment series on &n annual and
seasonel basis are presented in Tables 3 and'h. The AMS
series of average annual employment in Table 3 is higher than
the CPS series in every period., The difference between the
two series gradually widened from 1940 to 1950, but narrowed
again from 1951 to 1957. A factor in the decrease in the
difference between the two series may lie in the fact that the
Bureau of the Census enlarged its sample in 1954 and again in
1956. However, though the differences became less pronounced
during this period, no causal relation has been established.

Table 4 contains series of hired seasonal employment of
the AMS, CPS, and HFWF for 1957. During this year, the AMS
estimates were higher than those of the CPS for the summer
months, but were lower durigg the winter months. The HFWF
estimates are similar to the CPS estimatses since both sets of
data are collected by the Census Bureau. However, the employ-
ment estimates for the EFWF are much below the CPS estimates
for the earlier months of the yeear, but similsr over the latter
months. Thls bias in the HFWF series will be discussed
further in this study.

While each of the hired farm employment series in Table i
agree on the months of minimum employment, December, January,

and February, they differ on periods of pesk employment. The
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fable 3. Total farm employment bgoannual averages:

CPS with AMS series, 1940 to 1957, and
differences
Year cPs® amsP Difference
, (Thousands of persons)

1940 9540 10979 1439
1941 9100 10669 1569
1942 9250 1250 12
1943 9080 104k ' 136
194, 89 10219 1269
1945 8580 10000 14420
1546 8320 10295 1979
1947 8266 10382 2116
1948 , 3973 10363 2390
1949 026 99 1938
1950 7507 992 2419
21951 7054 9546 292
1952 6805 9129 234Y
1953 6562 8864 2302
1954 6500 8639 2135
1955 6730 Bg6h 163}
1956 6585 7820 1235
1957 6222 7577 1355

agsource: (121).
bsource: (128).

Table L. Average employment of hired farm workers by
months, U.S., AMS, CPS, and HFWF series, 1957

Month AMS® cpsP

HFWF®
Original Adjusted®

(Thousands of persons)

Januar 896 1154 757 827
Februagy 1040 1180 763 839

®3ource: {(128).

bgource: (121).

cAdjusted to include foreign workers; source: (85).



Table 4 (Continued).

Month aMs?® cpsP ____HFWF® _
Original AdJusted’
(Thousands of persons)

March 1284 1209 856 935
April 1543 1322 108 117
May 1985 1710 139 153
June 268} 2138 192} 2058
July 2983 2354 2189 236y
August 2883 1971 2058 2219
September 2805 1911 1872 2121
October 2237 2112 1706 19
November 1450 1654 1405 15
December 951 1533 1073 1174
Average 1895 1687 142k 1564

AMS series indicates that July, August, and September were very
similar in the number employed, while the CPS series is bimodal,
In previous years, the AMS series also has been bimodal, with
September being the month of greatest employment (128),

The discrepancies between these two series, CPS and AMS,
exiat'becanae of differences in concept and method of enumera-
tion. The AMS series essentially estimates the number of famm
jobs, while the CPS estimates the number of farm workers,

Both series have relative advantages and disadvantages. The
basic differences between the series are explained below,

There are five main differsnces between the AMS and CPS
sets of employment estimates. First, the data are compiled

in the two series by means of two different enumerative
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techniques. The U.S.D.A. derives farm employment estimates
from gelected representative farmers who report on their own
particular farm. This method of data collection is refe:red
to as the "establishment" method, since the information is
 obtained about all of the workers on the establishment. On
the other hand, the CPS series is derived from Bureau of
Census data which are collected from households. The house-
hold method obtains information only on actual members of the
household. Consequently, a worker who is employed on more than
one farm during the survey period may be counted more than once
under the establishment method, but only once under the house-
hold method. Double counﬁing under the establishment method
has been estimated to be - at a minimum of a quarter of a million
persons, and may be considerably larger seasonally (126, p. 12).
A second source of difference between the AMS and CPS
series lies in the method of counting workers based on speci-
fied age limits. While the AMS sets no‘age limit in their
enumeration, the CPS enumeration includes only persons 1l
yYears of age or over. When unpald members of the family who
work 15 hours or more a week are included, the number of
children under 1l years of age is estimated by the U.S.D.A.
to be &8 high as a million (126, p. 12). A private estimate
by D.G. Johnson of the number of children employed during the
peek period placed the maximum at two million (66).
A third difference between the two sets of employment

estimates arises over the issue of multiple job holding.



L6

The requirements for a farm worker to be included in the
enumeration of the AMS are minimal but must occur during the
survey week: one or more hours of farm work for a hired worksr,
any work at all for an operator, and 15 or more hours for un=
paid famlily workers., However, to be included in the CPS
enumeration, the worker must not only be 1)} years of age or
over, but must have earned a major share of his income in
agriculture. Persons with multiple jobs who are not counted
by the CPS enumeration but who actually do some farm work are
estimated to number one-half to one million seasonally

(126, p. 12).

A further difference between the two series may arise
because the CPS includes categories of workers on farms who
engage in certain non-farm occupations = such as bookkeepers
and typists, workers engaged in some processing activities,
and unemployed farm operators. An estimate of the number of
non-farm workers included in the CPS series may be obtained
by subtracting the number of persons employed in agricultural
occupations (farm operators and farm laborers) from the total
number or'persons empioyed in agriculture. For 1957, an
annual average of 198 thousand persons were estimated to be
engaged in these non-farm activities (85).

A difference between the two series also may occur bee
cause of different dates of the surveys. While the dates of
the surveys of the CPS relate to the week.ending nearest the
15th of the month, AMS estimates relate to the last full
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calendar week of the month.

Besides these five differences between the two majo:
series, other factors are important in the selection of =
series to use in the analysis. The estimates of the CPS
series are derived from a statistically selected sample, so
that standard errors of the estimates can be computed. Stand-
ard errors of the estimates are not obtainable from the AMS
series. A further and important consideration is the length
of time covered by £he two serlies. The AMS estimates cover
the period 1910 to the present, include separate series for
hired and family labor, and include regional as well as
national estimates. The CPS seriea, inaugurated in 1940,
presents estimates of hired and family labor on a national
basis only. |

Two other sets of farm employment estimates, the HFWF and
the FERD series, will be discussed.

The hired farm work force (HFWF)

The HFWF 1s & relatively. new series started in 1945 for
the purpose of providing more detailed information on work
done by hired workers. The HFWF is derived from information
obtained by the Agricultural Marketing Service from the Bureau
of the Census through supplementary qﬁeations included in one
of the regular Current Pdpulation Surveys. Employment data
for the year are collected at the beginning of the following
year, and questions are asked about any farm work done over

the past yesr. Consequently, the data are subject to errors
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in the memory of those who reﬁbrt. This memory bias partially
explains why the eatimates of the HFWF are relatively low in
the earlier months of the year., Since the enumeration covers
work for the whole month rather than for a survey week and is
derived from the same sample as the CPS, the HFWF series
monthly estimates should be larger than the monthly CPS
estimates. Were the CPS adjusted downward for the number of
non-farm ﬁorkers included in the series, the hired farm work
force, augmented by the number of foreign workers, should be
~the higher of the two series. The HFWF 1s not available by

regions.,

The series of man~hour requirements (FERD)

Another farm employment estimate not directly comparable
to the three previously discussed sets of farm employment
estimates is the FERD serles of man-hour requirements. The
purpose of the series is to estimate the number of man-hours
required for annuasl farm output, rather than man hours
actually expended. Compiled by the Agricultural Research
Service of the U.S.D.A. these estimates are "built up" by
multiplyihg estimated average man-hours per acre of cfops and
per heéd or vnit of prcduction of livestock by the official
estimates of total acres and numbers of livestock reported by
the Crop Reporting Board of the U.S.D.A. For a detailed
account of the estimating procedure see source (125). A

\
limitation of this series is that errors in the magnitude of
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the estimates of man~hours per scre or per head of livestock
are greatly enlarged when these initlal estimates of man-hour
requiréments are multiplied by the total number of acres and
animals, Too, a test of statistical reliability cannot be
applied. The series includes both national and regional

estimates,‘and covers the period 1910 to the present.
Usefulness of the Sets of Employment Estimates

Each of the above four sets of employment estimates has
been derived for a particular purpose. Bach employment esti-
mate, because of its particular advantages and disadvantages
is unique and suitable only for specific analyses. The AMS
series has been utilized more than the other series for labor
enalyses. It also 1s used in this study for the following
reasons: (1) the AMS series covers a relatively long pericd,
from 1910 to the present; (2) the series encompasses both the
hired and family components of farm labor; (3) since no age
limits are imposed in the enumeration and all farm work is
included, the AMS series at the present time is probably a
better measure of marginal changes in the farm labor force

than is the CPS series (2, p. 496).}

1However, the effectiveness of the AMS series would be
greatly enhanced through measures of job duration (1, p. 205),
Since the AMS estimates are basically estimetes of the number
of jobs, detail on job duration would lead to a more reliable
estimation of work actually done,
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As an indicator of the quantity of work done,'the CPS
series of farm employment estimates may be more reliable.

The rellability of the series has increased since 1956 when
the size of the sample was greatly enlarged.' Too, analyses of
multiple job holdings have been developed. For future labor
reséarch use, as the time period covered by the CPS increases,
the CPS will be the more relisble series, unless the AMS
series‘is improved.

The HFWF series is useful for comparisons of time worked
by hired laborers. The value of the series will be enhanced
as the time period covered increases in length, especially if
a reliable method 1is deveioped to compensate for the bias in
memory recall. | _

The FERD series 1s admirable in purpose, to measure the
basic demand for labor inputs in agriculture, but the relia-
bility of the series cannot be statistically estimeted. How-
ever, the long-run trend of man-hour requirements follows tﬁe
trends in the AMS and CPS series. Use is made of the FERD
serlies in long=-run prediction in this study because year-to-
year changes in man-hour requirements of labor should indicate
changes in farm labor productivity.

A synopsis of the comparisons of the different employment
series 1s presented in Appendix A,
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Sources of Other Data

Lebor estimates provide only part of the data needed for
predicting lebor demand. Other sets of data used are the
price. of farm labor, the prices of other inputs such as farm
machinery, the price of products produced by farm labor,.and
the value of farm machinery. These data with appropriste

sources are contalned in Appendix B,
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EMPIRICAL ESTIMATES OF THE NATIONAIL DEMAND
FUNCTIONS FOR HIRED LABOR

The previous chapters have presented farm labor trends,
discussed types of employment estimates, cited economic theory
and statistical‘methodology, and introduced thé models to be
estimated. The results of the estimation of the empirical
demand and supply functions for farm labor are presented in the
remeining chapters. The objective of this thesis was to in-
vestigate the farm lsbor market, The focus of this study,
though, has been primerily on demand, and among the demand
functions for farm labor the best results have come from the
estimation of the demand for hired labor. These results are
not unexpected 1nasmuch as hired farm labor in contrast to
family leabor has an overt wage or price which 1s‘reported
nationally and regionally.

Furthermore, this chepter has the task of testing the
hypothesls, as presented in the introduction, that the demand
for hired lasbor is a function of its price, the farm wage
rate, other inputs such as the price of farm machinery, the
scale of farming as exemplified by the value of farm machinery,
and the return on product sold. The price of inputs, sucﬁ as
the series of aggregate farm machinery prices, were originally
included in the model. However, the inclusion of the farm
machinery price varliable resulted in inconsistent results when

. combined with the other explanatory variables. Because of the
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_importance of this varisble to the determinsation of the de-
mand for hired labor, it 1s accorded a separate analysis

later in this thesis. The results of the inclusion of the re=
maining variables will be individually analyzed in thils
chapter.

Initislly an analysis of the results of different tech=
niques employed in the estimation of the demand functions for
hired labor will be presented. The analysis of the regression
coefficlents and elasticitles of the demand for hired labor
will follow. The estimﬁted demand functions for hired labor
are presented in Tables 5 and 6. Two demend functions, 3 and
12 of Table 5, are plotted against the actual data in Figures
7 end 8.

An Analysis of the Results of Different Technigues Used to
Estimate the Demand Functions for Hired Labor in the U.S.

In estimating the demand functions for hired lsbor for the
U.S. several techniques were employed over the different time
periods. So that attention can be focused on the characteris=-
tics of the important varisbles, the effects of these different
techniques will be analyzed. The demand functions as shown
in Tables 5 and 6 are differentiated by: (1) the form of the
equations; (2) the inclusion or lack of inclusion of time as
a variable; (3) the inclusion of different independent
variables; (4) the use of different deflators; (5) equations
using varlables in linear or logarithmic form; (6) the use of
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Teble 5. Regression coefficients and standerd errors for the
demend functions for hired labor for the U.S.8»
Equa- ~ Regression coefflclents >
ticn Time Con- X X, X, X Yy.1 R
number pericd stant
1 1910-1957 L4O.7h =.077% = «.297 - 777 .983
{.045) (.141) {.082)
2 1910’1957 15023 ‘0091 - - - 0931 0981
+0l) (+047)
3 1910-1957 27.89 -.098% «.054® 279 -  .826 - .983
(.055) (.033) {.119) (.073)
h 1910-1957 12086 ".122 0079 - - 0907 ) 0982
5¢ 1910-1957 .3521 -.09 057 -.,021%%*. 871 .984
35 (.022) (.017) (.o54)
6 1910-1957 23.86 -.046" " ol 5 240 - 841 .982
(.058) ( o ) (.114) {.073)
7 19201939 68,40 .0 8 «.686 - 478 .935
¥ (.1%) (. %1) (.262) (.!571) |
d
8 1929-1957 52.47 -.168°° .099%* -.335 -  .658  .970
( 108) (.069) (.119) (.0L1)

listed in Table
the hired farm wage rate
the index of prices received by farmers for all

%The regression coefficients are deflated by the varisbles
6. The variasbles sare:

X3:
Xo:

X3:

commodities

time a3 a variable -
the value of farm machinery and equipment

Yt.1l: the number of hired workers lagged one year

Prhe significance levels of the regression coefficients
are at. the S-per cent level or better unless accompanied by
the following notation:

*significant at the 10e
#=Significant at the 20-40-pexr cent level
HHigignificant at the LO-per cent level

CEquation 5 is in logarithms

r cent level

9Equation 8 is estimated by reduced forms
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" Table 5 (Continued).

Equa- Regression coefficlents - >
tion Time Con- xl xZ XB ﬁ; Yial R

number period stant

9° 192921957 116.32 «.341 .243 .687FF o 2065 977
(.122)(.112) (.523) (.195)

10° 19291957 94.49 =.287 .gg;) -1.6} .00207 .237***.989

(.091)( (.67) (.00085)(.265)

‘11 1940-1957 122.03 -.458 .119 -.311%F . .236°F ,980
(.091)(.040) (.2h4k) (.159)

12 1940-1957 98.22 -.232 - =120 _ 530"%* 936
(.081) (.325) (.491)

13  1940-1957 153.23 -.475 .127 -.j92%** . - «979

(.178)(.031) (.50k)

both single and simultsneous equations; and (7) the use of an
autoregressive scheme. The differences of the equations are
analyzed below inm this order. The analysis of the regressions
as a whole will be presented in ;he followlng section,

The form of the hired labor demand equations

| The demand equations were initially estimated by general
least;aqnaros methods, such as were used to estimate 13 of
Table 5, However, distributed lag equations were more

efficient in terms of information obtained from the limited
number of explanatory variables available, Hence, all of the
equatiéna in Table 5 other than 13 are distributed lag equations,

SEquations 9 and 10 are autoregressive least-squares
equations estimated by the Theil-Basmann technique.

fEquation 13 is not taken with a distribduted lag.



Figure 7. Actual and predicted number of hired farm workers
in the U.S., 1910-1957 (by demand function 3 of
Table 5) .

Figure 8. Actual and predicted number of hired farm workers
in the U.S., 1940-1957 (by demand function 12 of
Table 5 ) I
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Table 6. Elasticities of demand for the demand functions for hired labor, U.S.
Deflator of Elasticity of the Form o
Equation Time the farm wage farm wage rate prices
number period rate Short-run Long-run receiw
(Mean) (1957) (Mean) (1957)
1 1910-1957 -2 -.0529  -.137k  -.2376  -.6173 -
2 1910-1957 --£ ~.0627  ~.16h6  -.9092 -.2.387 -
3 1910-1957 --P ~.0576  -.1301 .33 - 7747 --°
L 19101957 _ ~.0718  ~.2621  -.775h =1.751 --©
5 1920-1957 P -.0953  ~.0953  -.7365  =.7365 --°
6 1910-1957 -t -.0276 -.0663 -.1737 -.4173 -t
7 19201939 _ -.02)5 - -. 0469 - -t
8® 1929-1957 - ~1261  -.2229  -.3683  -.6510 -£
gh 1929-1957 P -.256 -L52 -.32 -.57 -t
10® 1929-1957 b -.215 - -.28 - -
11 1940-1957 - -.14595 -.608 -.6010 -.795 --¢
12 19140-1957 --* ~2517  -klh2 -.5351  -.8805 -
13 1940-1957 _— -.4803  -.6813 - - _—

a'Z[ndex of prices received by farmers in year ¢

bTndex of prices paid by farmers for living expenses in year t

CIndex of farm machinery prices in year t, except for equation 11 where it is year t

dA non-significant regression coefficient

€The data were in logarithms

fIndex of prices paid by farmers for production expenses in year t~1 except as a def
€Estimated by reduced-forms
hEstima'bed by the Theil-Basmann method

iNot a qistributed lag equation



Form of Elasticity of the ~Time
prices prices received Adjustment variable
received Short-run Long-run ceefficient included
‘(Mean) (31957) (Mean) (1957)
- - - - - 223 Yes
- - - - - .052 No
- 0347 .039L .1995 2265 a7k Yes
-=C .0519 .058l .5663 .6302 .093 No
=S 057k .0574 L3l b3l .129 Tes?
-t .03384 .oh7® .2128% .2981,° 159 Yes
= At 1715 - 3283 - .523 Tes
£ 08260 Lo982® a0 L2868° .32 Tes
-t .20 25 .255 .303 .79 Yes
— .203 - 266 - 7635 Tes
--C .1016 .0887 1329 .1160 «T6L5 Yes
- - - - - .h?Ohd Yes®
-z .1238 - - - - Tes®
t is year t-1

pt as a deflator of the farm wage rate in equations 6 and 13 where it is year +
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As a comparison, some of the reasults of the general least

squares equations are included in Appendix C.

The inclusion of time as a variable

The rationale for the inclusion of time as a variable was
given in a previous chapter. Essentlally, time was included
in the demand function because of the absence of an index of
aggregate changes in technology in agriculture, and to act
as a "catch-2all" of other long-run changes in asgriculture.

It was deemed likely that the inclusion of fime as & variable
removed some of the trend from the lagged endogenous variable
as well as from the independent variables, permitting less
blased estimates of the rsgression coefficients, and hence,

the elasticities. Equatioms 1l through 4 were designed so that
comparisons of equations contailning and not containing time as
a variable could be made. Equations 1 and 3 contain time while
2 and 4 do not. The major difference between the two sets of
equations 1s in the size of the lagged dependent variable.

The coefficients of the dependent lagged variable in 2 and L4
are relatively high., Since these coefficients estimate the
long-run adjustment period, the estimated long-run elasticities
in Table 6 are high, being -2.39 and -1.75 for 2 and
respectively. With the time variable included, the coeffi-
cients of the lagged dependent variable in 1 and 3 were lower,
with consequent long-run elasticities considerably leass

than one,
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Equation 7 of Tables 5 and 6 is similar to a demand
equation estimated by Schuh (105). The time period is the
same and both sequations werse estimated simultaneously with a
labor supply equation. Schuh, however, used an index of
technology as a variable while time as a variable was used in
7. Further, 7 was estimated by reduced forms while Schuh em-
ployed the Theil-Basmann method of simultaneous estimastion.
Neither of the two equations utilized sn autoregressive
assumption. The equations in Tables 5 and 6 other than the
autoregressive leaste-squares equatlons were estimated before
knowledge of Schuh's work was received. The short-run
elasticity of the agricultursl wage In Schuh's equetion was
-.1} and the long-run elssticity was -.43. His short-run
"regl" pricé of farm products was .17 and his long-run
élasticity was .53. The index of farm technology was non-
significant and his estimate of the lagged endogenous
regression coefficient was .68, The short-run price
elesticity of demand estimated by Griliches (36) using the
single-equation method for the period 1912-1956 was -.1l1.
His long-run price elasticity was -.62. These elasticity
estimates are similsr to those of 7 in Tables 5 and 6.

The primary difference lies in the use of time as a variable
in 7 which reduced the statisticsl significance of the farm

wage rate and prices received varisbles.
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The effect of the inclusion of an sdditional independent
variable |

The price of hired lasbor, the farm wage rate, was the
principal explanatory variable used in each equation. By the
inclusion of other variables in the specification of the
model, the values of the coefficients of the originally-ine .
cluded variables mey be altered substantially. The effect of
the addition of time as a variable was demonstrated above.
Other variables included in the specification of the model
were the index of prices received by farmers and the value of
farm machinery and equipment. The effect of the addition of
the Index of the value of farm machinery and equipment can be
demonstrated by an analysis of equations 9 and 10. The speci-
fication of both equations is identical except for the farm
machinery veriable. The most evident change in 10 from 9 is
in the value of the regression coefficient of the time
veriable which changed from -.687 to -1.635. The two equa-
tions were modified by the assumption of an sutoregressive
scheme, and ths value of the autoregféssive coefficilent
dropped from .75 in 9 to .34 in 10, Evidently the better
specification of the model afforded by the addition of the
value of farm machlnery and equipment variasble caused the de-
crease in the value of ﬁ;, the autoregressive coefficient.
Besically, then, the effect of the addition of another variable
was accommodated through changes in the trend variable and the‘

autoregression coefficient. The values of other regression
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coefficients were not substantislly changed.

The use . of different deflators

Comparisons of the demand functions using different de-
flators can be made principally from the first six equations
which covered the period 1910-1957. Equations 1 and 2 were
estimated using the index of prices received as the deflator
of the farm wage rate. The index of prices pald for farm
living expenses was used to deflate the variables in 3, |,
and 5, while the variables in 6 were deflated by the index of
prices paid in production. The results of the six equations

do not indicate that the elasticities of the demand functions
for hired labor were effectively changed by the use of
different deflators. However, the regression coefficient for
the farm wage rate in 6 was not statistically significant.
Deflators used in the remaining equations are cited in Tables

S and 6.

Equations with variasbles in linear or logarithmic form

Some equations were estimated in logarithmic form such
as equation 5 of Tables 6 and 7. The time variable was con-
verted also to logs starting with the value 1. Hence, it is
& power function. Since the time variable is non-significant
in S but significant for the linear equations, it may be that
time entered in some cother form could have been significant.
The significance level of the other regression coefficients

was higher. Otherwise, there was little difference between
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Table 7. Regression coefficients, standard errors, and elasticities for the demand

a Adjust-

__Regression coefficients > ment.

Time Yia ey £ R coeffi- Farm wage

period Region cient Short-run

1929-1957 NE .721 -.031P - 945 .28 -.05
{+126) (.056)

1929-1957 MA 750 -.343 32.2  .967 .25 -.19
(.122) (.122) (9.98)

1929~1957 ENC .830 -0 101 .980 A7 -.15
(.107) (.200) (.148)

1940-1957 WNC .278 ~1.06 101 .986 .72 -.51

. (.110) (.167) (16.8)

1929-1957 SA L6158 -.862% 2,25 933 .39 -.12
(.172) (.608) (3Lk.8)

1929-1957 ESC .573 ~1.71 83.7 .955 A3 -.35
(.110) (JJa3)  (19.9)

1929-1957 We 612 -1.59 94.0 .930 .39 -.26
(.123) (h77)  (34.9)

1940-1957 MTN .351d -.133d 2.31;b .906 .65 -.11
(.273) (.132)  (13.2)

1947-1957 PAC <299 -.356d - .339 .70 -.19
(.053) (.395)

1929-1957e Us .206P =341 .21;3f 977 79 -.26

(.195) (.122) (.112)

2The regression coefficients ares
Yi.3 = hired labor, lagged one year
X = regional farm wage rate
X:QL = regional parity ratio

- bBeyond the 30-per cent level of significance
Csignificant at the 10-per cent level
dSignii‘icant at the 20-30-per cent level
®Estimated by reduced-forms

J‘;.Pr:i.ces received
Prices paid in productiong.j




for the demand functions for hired labor for the nine geographic regions

Flasticities
Farm wage rate Parity ratio

Short-run Long-run Short-run Long-run Time
-.05 -.17 - - -.457°
{.2141)
-.19 -.75 .16 6l -.201P
(.167)
b

~e 15 e 9 o - - L4 162
(.939)
-.51 -7 .36 .50 -.659°
(.731)
~.12 -.32 - - -.921P
(1.21)
-.38 -.82 .29 .68 -.25°
(.656)
-.26 -.67 .19 .50 -.127P
(1.46)
-.11 -.18 - - -2.12°
(1.17)

-.19 -.27 - B C-2.1
(.302)
-.26 -.32 .20 .26 -.687%

(.523)
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the results of the equations using varisbles in logarithms
or in linear form. Consequently, because of the computa-
tional time involved, variables in linear form were sub-

sequently used.

The use of singlevand simultaneous equation estimation

Single equation estimation was used to compare the demand
équations over the different time periods. However, since it
was necesgsary to estimate a supply_function for hired labor so
that the demand function for hired lasbor could be identified
In a system of equaticns, and since there was a lack of date
prior to 1929 for one of the supply variables, unemployment,
the time period for the systems of equations was limited to
1929-1957. The hired farm labor demand functions estimated
from a system of equations are 8, 9, and 10 of Table 6.
Equation 8 differs from 9 and 10, for 8 was estimated by the
method of reduced forms, while 9 and 10 were autoregressive

equations estimated by'the Theil-Basmann technique.

The effect of the assumption of an autoregressive scheme

As mentioned previously, several equations were modified
by the assumption that the error term of the distributed lag
equation followed a first-order autoregressive scheme. Be=-
cause of the time and expense involved in performing the
necessary iteratioﬁs, not all of the equations could be esti-
mated in this manner. Two hired labor demand functions taken

with a distributed lag were estimated initially using
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autoregressive least squares (A.L.S.). The results of the

A.L.S. equations are presented in Table 6 as equaetions 1 and

2. Both equations cover the period 1910-1957, and include the

variables hired labor lagged one year, and the farm wage rate.

In addition, equation lvcontains time as a trend variable.‘
Equation 2, the (A.L.S.) equation which doss not include

time as a variable, may be compared with the following original

equation:

(37) Y4

11.97 + .9480 ¥, _, - .0783 X
(.039) o1 (lo37) 1t

where Y; = the hired labor force,

X1t = the farm wage rate deflated by the index of prices
received. The standard errors of the regression coefficients
are contained in parentheses below the regression coefficients.
The notation of levels ﬁf statistical significance 1s the same
as in Table 6: no mark indicates significance at the 5 per cent
level or better; "a"™ indicates significance at the 10 per cent
level.

The original equation corresponding to equation 1 in
Table 6 which included time as & variable was estimated as:

(38) Y, = 29.02 + .8397 Y .0530 X,.P - .2252 x

(s0643) ®=1 7 (. 0383) (.1080) 2%
where X2t = time as a variable, "b"™ indicates that the
regression coefficient for the farﬁ'wage rate was significant
et the 20-40 per cent level of significance, and the other
variables and indicators of levels of significance are the

same as described for 37,
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A comparison of the different equations can be made
through recourse to Tables 6 and 7 and equations 37 and 38.
The coefficlents of the lagged dependent variaﬁles were all
highly significent. For the coefficients of the lagged
variable in equations not including time as a variasble, 37 has
a coefficient of .948, while the corresponding A.L.S. equation
2 in Taeble 6 had a value of .931. For the equations including
time, the coefficlents of the lagged endogenocus variable were
.8397 and .777 for the original and A.L.S. equations, respec-
tively. In both instances, the value of the lagged endogenous
variable in the A.L.S. equation was less than in the ordinary
least squares equations. Concurrently, in the A.L.S. equations
the coefficients of the farm wage rate and time incressed.

The residual sums of squares in the A.L.S. equations were re-
duced in both cases, from 6l.l to 4L41.9 for the equations
containing time, and from 507.0 to }490.0 for the other two
equations.,

Essentislly, the differences of the originsl and A.L.S.
equations were: (1) the A.L.S. equations reduced the residual
sum of squares; (2) the regression coefficients of the lagged
varisbles in the A.L.S. equations were lower; and (3) in the
A.L.S. equations the regression coefficients of the other
independent variasbles increased and became more significent.

The long-run elasticities were leas, éhen, with the A.L.S.

varlables because of the decrease in the value of the lagged

coefficlents.
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The estimate of ﬁ%, the autoregression coefficient, might
be expected to decrease when a trend variable is included in
the equation. However, in the case of equations 1 and 2 of
Table 5, the results were indeterminste. The estimsted values:
of p wefe:

(39) uy = .1385 u._;®
for equation 1, and:

(40) uy = 1710 u,_."*°

(.1338)
for equation 2. Neither of the estimates of { were highly

n
t-1

significant, although the estimate of 39 was significant at the
10 per cent level. Since the initisl value of the coefficient
of the lagged dependent variable in equation LO approached one,
it 1s possible that the autoregressive structure of the equa=-
tion could not be adequately ascertained. The results indi-
cated that the p'S were small, and that the original equations
estimated for 1910-1957 likely could be accepted per se.

" A further comparison of the effect of the autoregressive
assumption can be made between demand functions for hired
labor for the period 1929-1957 which were estimated from a
system of equations., Equation 8 of Tables 6 snd 7 was esti-
mated by reduced forms with no sutoregressive assumptions.
Equations 9 and 10 were estimated by the Theil-Basmenn tech-
nique under the assumption of an autoregressive scheme.

In equation 8, the farm wage rate and prices received

regression coefficients were non-significant. Both regression
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coefficients were significént in equations 9 and 10. The use
of A.L.S. equations increased the significance of thess re-
gression coefficients. Further, the coefficient of determina-
tion in 8 is .97, but .977 and .98 in 9 and 10. Although &
change of .0l is small, the increase represents one-third of
the error term. Thus, the introduction of the autoregressive
assumption provided a better fit. The time period of ad-
Justment is represented by the adjustment coefficient. The
adjustment coefficlent in 8 is .3}, but .79 and .76 respec-
tively for 9 and 10. Since the lagged endogenous coefficlent
picks up part of the residusl term, the autoregressive
assumption provides a better estimate of the adjustment coeffi-
cient. Hence, it is likely that equations 9 and 10 more
accurately reflect the demand for hired lsbor.

The estimated autoregressive structure of equations 9 and

10, respectively, were:

(h—l) ut = (:zgg)ut-l

42) wg = 339 061

In contrast to the éstimated autoregressive coefficients for
equations estimated for the 1910-1957 period, the estimate
of B in equation 9 of Table 6 was large and significant. Howe
ever, the additional specification of equation 10 of Table 6
reduced the estimated.ﬁ?in value and in significance.

One may conclude there is no hard and fast rule concerning

the spplication of autoregressive schemes. 1In general, it
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would be desirable that the au toregressive structure of each
equation be known, but the costs of doing so may outweigh the

benefits when many eguations are to be estimated.

Analysis of the National Demand Functions for Hired Labor

Having asppraised the effects of different techniques em=-
ployed in the estimation of the demand functions for hired
lsbor in the preceding section, this section will ansalyze the
hired labor demand functions by major variable. The equations
estimated cover an over-sll psriod, 1910-1957, and intefvening'
periods of 1920-1939, 1929-1957, and 1940-1957.

Since all of the equations other than 13 are estimated
taken with a distributed lag, the coefficient of determination
is high for each demand function. The values of the coeffi-
cients of determination ranged from .935 to .984.

The elasticities of demand are.presented in Table 7.

These elasticities have been derived both at the mean and for
1957 for the short- and long-run periods. Table 7 also con-
tains the adjustment cosfficlents, information on the deflators
of the principal independent variables and the type of equa=~
tion, and an 1indication that the time wvarisble has or has not

been included in the equation.

The farm wage rate as sn indicator of the price of hired labor

One of the basic objectives of this study was to ascer-

tain the responsiveness of the demand for hired labor to the
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farm wage rate. To reach this objective, demand functions for
hired labor were estimated in varioﬁs forms and for different
time periods. Apparently conflicting results were obtained
from a comparison of the results of the demand functions esti-
mated over the whole period, 1910-1957, and the intervening
periods, 1920~1939 and 191;0-;1957. The values of the regression
coefficients of the farm wage rate varlable for the equations
estimated over the entire period, 1910-1957, were low; the
estimates in the six equations fanged in value from -.0L46 to
-.122. For the linear equations, 1, 3, and 6, which included
time as a variable, the regression coefficients of the farm
wage rate were significant only at the 10-per cent level in
two and non-significant in the third. Hence, the results
indicate that the hired labor force for the lj8-year span was
not highly responsive to the farm wage rate.

Demand functions were derived for the intervening periods
to check possible structural changes over time. For the
period 1920-1939, the value of the wage rate regression coeffi-
cient was -.054 and was not significantly different from zero.
This lack of significance need not be incongistent, for the
period covered was one of agricultural recession. In a
depression perlod a change in the farm wage rate may not
reflect any substantial change in the demand for hired workers.
In the 1940-1957 period, a time of relative prosperity in
agriculture, the demand for hired labor should theoretically

have been more responsive to changes in the farm wage rate.
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The regression coefficlents of the price of farm lebor in
equations 11, 12, and 13 ranged from ~-.232 to =.) 75 and wers
significant at the S-per cent level or better. Hence, there
was a significant demand response to price changes during this
period. Lack of significance of the wage rate for the over-all
pericd, 1910-1957, was apparently due to the combination of a
depression period, in which the wage rate coefficient was non-
significant, with a period of full employment when the wage
rate variable was highly significant.

A comparison of the demand functions for hired labor
snalyzed above with demand functions estimated for the period
1929-1957 support this conclusion. This time period encom-
passed a depression period as well as one of full employment.
The estimated demand functions for hired labor are eguations
8, 9, and 10. These functions differ from those discussed
above, for they are estimated from a system of equations. The
regression coefficient of the farm wege rate for 8 was -,168,
but non-significant. The corresponding regression coefficients
for the demand functions 9 ard 10, which were estimated under
the assumption of autocorrelated errors, were =.341 and -,287,
respectively. These coefficients were significant at the
l-per cent level. Evidently the use of A.L.S. equatlions
resulted in a rise in the coefficlents to significance. These
results then corroborate the findings of the demand functions
for the period 1940-1957, that the demand for hired lasbor hes

been responsive to changes in the farm wage rate.
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The price elasticity of demand denotes in standardized
terms the responsiveness of the demand for hired farm labor
to a change in the farm wage rate. The short-run elasticities
taken at the mesn and for 1957 are presented in Table 7.

For equations 1 through 6, which were estimated over the
period 1910-1957, the shorterun price elasticities at the mean
ranged from -.03 to -.09. For these equations, ths short-run
price elasticities derived for the year 1957 ranged from =.07
to -.16. In the short run, then, for the over-all period,
given a 10 per cent increase in the farm wage rate, there has
been an accompanyling decrease in the demand for hired labor
of less than 1 per cent when the eiasticities were estimated
at the mean, and from .7 to l.6 per cent when estimated for
1957. Basically, the price elasticities for the over-all
period were low but increasing over time.

The short-run price elagticities tsken at the mean for the
1929-1957 period ranged from -.13 to -.26. For the 1940-1957
period, the short-run elasticities at the mean varied from
-.25 to -.4;8, Hence, for the more recent time periods the
responsiveness of the demand for hired labor to wage rate
changes, while statistically significant, has still been
inelastic.

The shorterun elasticities estimated for 1957 over the
1929-1957 and 1940-1957 periods ranged from -.22 to -.68.
These results suggest different levels of responsiveness over

time of the demand for hired labor to farm wage rate changes
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for the depression and prosperity periods.

Price elasticities of demand were derived also for the
long-run perliod and are included in Table 7. In distributed
lag equations, the long-run elasticities depend on the size of
the adjustment coefficients. This coefficient estimates the
period of time needed for the dependent varlable to adjust to
a sustained change in the ind ependent variable., The value of
the adjustment coefficlents for the six demand functions
covering the 1910-1957 period ranged from .05 to .22. As
these values are low, the estimated time of adjustment is
long. For these six equations, the long-run price elasticitiles
at the mean ranged from =.17 to -.90. The short-run elasti-
cities for the same period ranged from -.03 to -.09., Under
the assumption that the errorsvin the equations followed an
autoregressive scheme, the long-run demand elasticities of
equations 1 and 3 were -.24 and -.33, respectively. The
long-run price elasticities at the mean for the 1929-1957
period are of similar size, from -.28 to -.36. However, the
range of elasticities was higher for the 1940-1957 period,
varying from -.53 to -.60. These results demonstrate again
the inelasticity of the demand, though the response of the
demand for hired labor to a farm wage rate change was high for
the more recent period.

The long-run elasticities estimated for the year 1957
varied considerably. Disregarding the demsnd functions not

including time as a variasble, the long-run elasticities
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ranged from -.41 to -.88 for sll of the periods. The similar-
ity of these long-run elasticities for 1957 was likely a
result of the rise in the values of the adjustment coeffi-
clents over time while there was a concurrent rise in short-
run elasticities. The two occurrences have offset esach other,
To briefly summarize the results of an analysis of the
role of the farm wage rate in the demand for hired farm lsbor
for the U.S. as a whole, (1) the farm wage rate variable was
found to be statistically significant for the more recent
periods of time, which denoted the responsiveness of the de- -
mand for hired labor to changes in the farm wage rate; (2)
the lack of significance of the farm wage rate variable over
the whole period, and espscially for the 1920-1939 ?eriod, was
attributed to the depression occurring during that period;
(3) the regression coefficients and price elasticities of
demand incressed for the more recent period which meant that
the demand for hired labor had been more responsive to price
changes in a period of relative prosperity; (L) the rise over
time of the adjustment coefficients indicgted that the time
period of adjustment in agriculture to a price change had be-
come shorter; and (5) in spite of recent rises in demand

elasticlities, the elasticities remained inelastic.

The prices received variagble as an indicator of the relative

profitability of farming

Another variable which has been included in the estimation

of most of the hired labor demand functions is the index of
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prices received by farmers. The cross-elasticity of demand
of the index of prices received with respect to the size of
the hired labor force indicates the responsiveness of the
demand for hired labor to changes in agricultural prices.
Essentially, in parity ratio form, the prices received
variable could be et best an indicator of the relative profit-
ability of ferming. The series does relate product prices to
cost. The deflator of the index of prices received for esach
equation 1s listed in Table 7. The index of prices received
has been lagged one year in all of the hired labor demand
functions other than those for the period 1910-1957. The
assumption behind this lag was that farmers react to product
price changes in the previous year since the presént year's
price is known relatively late in the year.

As in the previous section, the initial task 1is to
ascertain the significance of the prices received varisble.
Secondly, trends in the regression coefficlients and elasti-
citles can be examined.

In the demand functions estimated over the period 1910=-
1957, the value of the regression coefficients of the prices
received variable ranged from .048 to .079. However, dis~
counting equations not including time as a variable and equa-
tions in logs, the regression coefficients were not highly
significant. The non-significance of the variables indicates
a lack of responsiveness of the demand for hired labor to

product price changes for the over-all period, 1910-1957.
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The demand functions estimated over the intervening
periods do not explain the lack of significence of the prices
received variable over the whole period. For the period 1920=-
1939 the regression coefficlent of the prices recelved wvariable
in the short~run.at the mean was .248 and statistically signi-
ficant. Over the periocd 1929-1957, though the justidentified
demand function, 8, has a non-significant prices received
variable, the functions estimated by A.L.S. equations, 9 and
10, contalned significant product price coefficients.
Essentlally, though the prices received regression coefficients
were non-glignificant for the whole period, the coefficients
wers significant in the intervening periods.

From the demand function for 1920-1939 the inference is
made that the demand for hired labor varied directly with a
change in prices received. This result appears logical on
the grounds that while family labor may not be fired, hired
labor can be released or not hired when agriculturasl prices
drop. The demand for hired lebor was equally responsive to
changes in farm product prices for the periods 1929-1957 and
1940-1957. In spite of the adverse findings for the whole
period studied, an analysis of the intervening periods indi-
cates that the demsnd for hired labor is significantly
responsive to changes in the index of prices received by farmers,

For the entire period, 1910-1957, the short-run cross-
elasticities taken at the mean ranged from .03 to .06. The

corresponding elasticities for the intervening periods were:
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1920-1939, .17; 1929-1957, .08 to .20; and 1940-1957, .10 to
.12. Basically, the cross-elasticities were found to be
quite inelastic. Furthermore, discounting the low elasti-
cities for 1910-1957, there apparently is no trend upward or
downward in the cross-elasticities over time. Possibly the
inclusion of the 1910-1919 period may have had an effect on
the low elasticitles for the over-all pseriod.

In the long-run, there is a like absence of an over=-all
trend. The adjﬁstment coefficients, as mentioned earlier, did
rise over time. However, the long-run elasticities computed
from these adjustment coefficients varied. The cross-elasti-
cities in the long-run ranged from .13 for the period 1940-
1957 to .56 for the period 1910-1957. The only conclusion
reacked was that even in the long-run the elasticities were
quite inelastic.

In summary, the conclusions reached from the‘analysis of
the prices received varisble were: (1) the prices received
variable as an indicator of the profitability of farming was
significant for the intervening periods 1920-1939, 1929-1657,
and 1940-1957; these results indicated that the demand for
hired labor for the U.S. has been responsive to changes in
the index of prices received by farmers; (2) there was
apparently little change in response to product price changes
in the depression and the war-postwar periods; and (3) the

cross-elasticities, even in the long-run, were quite inelastic.
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The value of farm machinery and equipment wvariable

As described in the chapter on specification of the
model, a value of farm machinery and equipment variable was
constructed and added to equation 10 in Table 6 for the ‘
period 1929-1957. The purpose of including this variable was
to ald in the identification of a supply function for hired
labor in a system of equations. The demend function for hired
labor which included this variable was estimatsd utilizing the
Theil-Basmann technique of solving & system of equetions.
A.L.S. equations were estimated so that except for the addi-
tion of the value of farm machinery variable the demand
function, 10, was specified the same as 9. Theoretically, the
variasble should indicate the response of the demand for hired
labor to changes in the scale of farming as exemplified by
the value of the stock of farm machinery and equipment. The
‘resultant cosfficient of the farm machinery variable is
significant at the S-per cent level, and has a short-run
elastlcity taken at the mean of .13. Hence, the estimated
response of the demand for hired lsbor to changes in the
stock of machinery is significant and positive. In the past,
then, an increase of 10 per cent in the value of farm
machinery and equipment has been accompanied by an increasse
in the number of hired workers of 1.3 per cent. Hence, as
the scale of farming has increased, the number of hired
workers has increased. This result could bear closer examina-

tion on & less aggregsted level.
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Summary of the results of the estimation of the demand

functions for hired lasbor in the U.S.

In summery, the originsl hypothesis that the demand for
hired labor was responsive to the farm wage rate, prices re-
ceived, and the value of farm.machinery has not been dis-
proved. In general, the results corroborate the hypothesis.
The demand for hired labor was found to be'generally respon-
sive to changes in the farm wage rate, especially in the more
recent periods. Apparsntly there was considerable difference
in response to a wage rate change in the depression and war-
postwar periods. The results indicated that during the
depression period, 1920-1939, changes in the farm wage rate
had 1little apparent effect on the demand for hired labor.
Subsequent to this period, howsver, the demand for hired labor
has demonstrated a significant response to price changes.

The response of the demand for hired labor to agricultural
product prices, though not highly significant for the entire
period, 1910-1957, was significantly responsive in the inter-
vening periods, 1920-1939, 1929-1957, and 1940-1957.

A demand function was presented that included the value
of farm machinery and equipment as a varisble. The results
indicated a significant response of the demand for hired
labor to tbg value of farm machinery and equipment, but the
interpretation of the results is difficult to make. Further
investigation of the role of this varlable was suggested.

The number of demand functions provided a basis of
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comparison of the ordinary distributed lag estimetion with that
of estimation utilizing an autoregressive transformetion,
Those demand functions modified by the autoregressive assump-
tion were superior to the original form of the demand
functions,

In the long=-run, the rate of adjustment in the demangd
for hired workers 1ln responss to sustained changes in the farm
wage rate and prices received was estimated to be low for the
over-all period, 1910-1957. This result appeared to be in-
conslstent with the results of the intervening periods.
Changes in structure may have occurred to such an extent that
the longe-run estimates for the 1910-1957 period are biased.
The adjustment coefficients in the intervening periods appeared
to be consistent. These coefficients indicated that the rate
of adjustment of producsrs to a sustained price or other
variable change has increased over time. An increase in the
mobility of farm resources could be a factor in lessening the
lagged response. |

What then are the effects of either a natural or induced
change in the farm wage rate or prices received on the demand
for hired lebor? The price and cross-elasticitlies are both
low. The shorthun response would be especlally small be-
cause of the Inelastic demand. The timing of the change of
the explesnatory varlable could be important. The response
of the demand for hired labor apparently is affected by the

business cycle, for the response 1s larger during thse
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war-postﬁar period than during the depression. However, the
results indicate that during either period of the business
cycle the response of the demand for hired labor to a change

in an explanatory variable would be inelastic,
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EMPIRICAL ESTIMATES OF THE REGIONAL DEMAND FOR HIRED LABOR

In addition to the demand functions for hired labor that
were derived for the U.S. as a whole, demand functions for
hired labor were estimated for each of nine geographic regions.
Although the regional data on hired labor is highly aggregated,
the regional analysis does present the response to the im-
portant variables on a less aggregated scale than that pre=-
sented nationally. Too, it is important to know how the
independent variables differ among regions, and between thése
regions and the U.S. as & whole,

A discussion of the method used to estimate the regional
demand functions for hired lsbor will be presented initially.

The analysis of the demend functions will follow.

Methodology Used for the Regional Analysis

Demand functions were derived for hired labor for each of
nine geographic regions and are presented in Table 7. The
different regions are presented in msp form in Figure 5.

Given the hypothesls that the variables that affect the
reglonal demand for hired labor are the same as those that
affect the demand for hired labor nationally, the specifica-
tion of the equations is essentlally the same regionally as
nationally. The principal independent variablss are the farm
wage rate, the parity ratio, time as a trend varisble, and

the hired labor force lagged one year.
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All of the regional demand funections for hired labor are
estimated by single equation least squares methods. The time
period covered is 1929-1957, except for three of the regions.
The Mountain, Pacific, and West North Central regions were
estimated over more recent time periods which are listed in
Table 7. For these regions, the regression coefficients were
either inconsistent in sign or non-significant for the whole
period.

The anaslysis of the regional demand functions for hired
labor can proceed by region or by veriable. In this chapter
the analysis is by principal variasble because the pattern of
regional response is of grsater importance.

All of the relevant regional data discussed in this
chapter are contained in Table 7. The information included
consists of the time period covered, the region, the regression
ccefficient of the lagged wvarlable, the farm wage rate and
parity ratio variables, the coefficient of determlnation, the
adjustment coefficient, the elastiéities of the farm wage rate
and parlty ratio variables for both short- and long-run
periods, and the estimate of the time variable.

The cosfficient of determination, the'RZ, is high for each
region. The velues-of R2 range from .83G for the Pacific
region to .986 for the West North Central region. Tests for

serlal correlstion in the residuals were not derived.
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Analysis of the Results of the Regional Demsnd

Functions for Hired Lsbor

The order of presentation of the results of the regional
demand functions for hired labor will be first to analyze the
regional significance of the farm wage rate by region, and
then to compare short and long-run elasticities. Secondly,

& simiiar analysis will be presented for the regionsasl parity
-ratio varisble. Third, the time trend will be evaluated.

The farm wage rate

As in the demand functions derived for the U.S. as a whole,
the principal independent variable is the farm wage rate. The
price elasticity of demand with respect to the regional number
of hired workers indicates the responsiveness of the demand
for hirea labor to changes in the price of labor. The results
of the national demand functions for hired labor indicéte that
the farm wage rate variable 1s highly significant. A national
demand function for hired labor, equation 9 of Table 5, was
included in Table 7 for comparison. The farm wage rate vari-
able in the regional estimates has been deflated by the
prices pald by farmers for living expenses.

Direct comparison of regression coefficients was not
possible on the regional level, for the data were in actual
numbers rather than in indices as in the demand for hired
labor for the U.S. However, the regresaion coefficients of

the farm wage rate were significant at the 5 per cent level
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or better in five of the nine regions. Furthermore, &ll of

the regression coefficients of the farm wage rate varlable

had a consistent negative sign. A better means ofrcomparison

of the price coefficients is through the esnalysis of the
short-run price elasticities. The range of short-run elasti- __
cities of the price variable was from -.05 in New England to
-.51 in the West North Central. Discountihg the elasticities
derived from non-significant regression coefficients, the

range is from -.15 to -.51. In other words, as the farm wage

rate has increased in the past by 10 per cent, ceteris paribus,

there has been a concurrent decrease in the regional demand
for hired labor of from less than one to 5 per cent.

The reglons in which non-significant regression coeffi-
clents of the price variable were computed were New England,
South Atlantic, Mountain, and Pacific. However, in the South
Atlantic and Pacific reglons, there are a large number of
seasonal hired workers. These workers commonly are paid by
plece rates, & type of wage that is not included in the re-
ported farm wage rate. Thus, it 1s possible that the reported
regional wage rates were not as typical in these two regions
as they might be for some of the other regions.

These results of the analysis of the price varlable indi-
cate that whille some of the regions have significant wage rate
coefficients, others do not. However, the Pacific and South
Atlantic regions present atypical situations with regard to

hired labor analysis because of the numbers of seasonal farm
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workers who are commonly pald a piece rate. The Mountain re-
gion may also fit into this category. The data which exists
on migratory and other seasonal farm workers as compiled in
source 83 are not presented on a regional basis. Hence, a
separate analysls cannot be conducted on regionsl migratory
farm workers.

For those regions in the ceﬁtral and southern U.S., ine-
cluding the Middle Atlantic region, the farm wage rate vari-
able was significant. The demand for hired lsbor in these
regions 1s apparently responsive to changes in the farm wage
rate. These regional findings corroborate the national
findings.

Elasticities of the price varisble were estimated also
for the long-run period. Discounting those estimates for the
non-significant regression coefficients, the long-run price
elasticities of demand of the regions ranged from -.67 to
—+90. As in the analysis of the long-run price elasticities
for the national demand functions for hired labor, the long-
run price elasticities were inelastic. |

In summary, significant regression coefficients of the

price of hired labor were derived regionally for five of the

nine regions. The non-significance of the coefficients for
these regions hay be partially due to the unique hired labor
problems in those regions. The hypothesis that the same
variables that affect the demand for hired labor nationally
affect the demand for hired labor regionally seems to be
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corroborated to some extent. The long-run price elasticities

that were derived for each region were inelastic,

The parity ratio variable

The parity ratio is not computed by federal sources on
a regional basis. As a consequence, the index of the parity
ratio for each region was of necessity computed for s typical
state in the region. These states with the appropriate data
are presented in Appendix B. The ratio could not be computed
for New England or for the Pacific region because data were
not available for the desired yeers.

As stated in the previous chapter, the cross-elasticity
of demend of the parity rgtio with respect to the regional
number of hired workers indicates the responsiveness of the
demand for hired lebor to changes in the parity ratio.

Direct comparison of the regression coefficients of the
parity ratio are impossible because the data were in original
form rather than in indices. However, the regression coeffi-
cients of the parity ratio variable were significant in four
of the regions, non-significant in three, while the data were
not available in two regions. The non-significent regions
were East North Central, South Atlantic, and Mountain. For
the significant regression coefficients, the short-run elasti-
cities estimated at the mean ranged from .16 to .36. These
results indicate that as the regional parity.ratio has in-

creased 10 per cent in the past in the four regions which
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had significant regression coefficients, ceteris paribus,

there has been sn accompanying 1.6 to 3.6 per cent increase
in the demand for hired labor. Hence, the demand for hired
iabor on a regional basis appeared to be responsive to changes
in the parity ratio in only four of the seven regions which
included the parity ratic as & variable.

The long-run cross-elasticities of demand for these four
regions ranged in ﬁalue from .50 to .68. Hence, even in the
long=run, the cross-elasticities of the parity ratio variable

were inelastic.

The trend varisble as an indicator of technology changes

Time as a variable was lncluded irn each of the‘regionél
demand functions for hifed labor as e technology varisble and
to complete the specification. In only one region was the
time variable significant, the Pacific region. Consequently,
the time variable was not llkely to have been a reasonable

indicator of changes in technology by region.

The time path of adjustment

The adjustment coefficients, which indicate the relative
speed of adjustment of a sustained change in an independent
vériable, ranged in value from .17 in the East North Central
to .72 in the West North Central. The higher the value of
the adjustment coefficient, the steeper the slope of the time
path of adjustment. The results indicated that the New
Englend, Middle Atlantic and East North Central regions have
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been slow to adjust to a susteined price change. In the
southern regions there has been a moderate rate of adjustment,
while the West North Central, Mountain and Pacific regions

have been adjusting at a more rapid rate.

Summary

In summary the results of the regional demand functions
for hired lebor do not negate the hypothesis that the regional
demand for hired labor is affected by the same factors ss for
the national demand functions. For those regions that contain
significeant price and parity ratio regression coefficients,
the results are similer to those derived nationally. However,
certein of the reglons do not respond to the same variables.

A tentative argument wes presented that the hired labor force
in these regions may be styplicel of the rest of the country.
Hence, a separate study of these regions on a less aggregated

basis would be desirsable,
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EMPIRICAL ESTIMATES OF DEMAND FUNCTIONS FOR FAMILY LABOR

Demaend functions for hired labor have been analyzed in
the preceding chapters. However, for an understanding of the
total farm labor market the analysis of hired laebor is not
sufficient. An understanding of the farm labor force can come
only through en anelysls of both hired and family lebor. There=
fore, this chapter presents a quantitative analysis of the de=-
mand for family labor, both nationally and regionally.

The underlying hypothesis, to be consistent with the
previously estimested demand functions for hired_labor‘was that
the demand for family labor is responsive to the farm wage
rate as an indicator of the price of family labor, and to the
parity ratio whickh is an indicator of the relative profita-
bility of farming. To complete the specification and ss an
indicator of farm technology, time has been included as a
variable., Hence, the estimation of the demand function for
family lesbor should have significant regression coefficlents
for the farm wage rate and parity ratlio variasbles if indesd
these factors are determinants of farm labor demand.

In the specification of the model the problem arose as to
the type of deta that could adeguately represent the “price"
of family labor. The net return to a farm operator and his
family for their lsbor alone is difficult to ascertain (77).
Some economists have argued that the hired farm wage rate is

the indication of the wage accruing to family labor (32; 18).
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For lack of a better indication of the remuneration of family
labor, and to preserve comparability between hired and family
labor studies, the hired farm wage rate was utilized as the
"price™ of family labor.

The parity ratio should serve as an approximete indicator
of the profitability of farming. However, since it is the
ratio of produet price to product cost, the parity ratio does
not directly measure profits.

As a means of comparison of the family labor demand
functions with & demand function for total farm lsbor, a de=~
mand function for total farm labor was specified and estimated.,
The model for total farm employment contained the following
variables: the ratio of the farm wage rate to the index of
prices received, time as a variasble, an index of farm machinery
deflated by the index of prices paid for living expenses by
farmers, and a ratio of the farm wage rate to farm machinery
prices. The results of this estimation will be presented at
the end of this chaspter and will be compasred to results ob-
tained from the estimation of a similar family labor demand
function.

The empirical estimation of the demand for fémily labor
i1s tentative because of the diverse factors, not necessarily
economic, which may affect the number of farm operators and
unpaid family workers.

Demand functions were derived for the psriods 1910-1957,
1920-1939, and 1940-1957 for the U.S., and from 1929-1957 for
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the nine geographic reglions. The form of the regressions for
the national and several of the regional eguations 1s that of
single-equation general least-squares. Distributed lag
equations were utilized, however, for five of the nine regions.
The demand functions for the U.S. and the nine regions sre pre-
sented in Teble 8. The order of presentation will be initially
to present and analyze the national demand functions for

family labor. Following this analysis, the regional demand
functions for family labor will be presented. Lastly, a de-
mand function for total farm eﬁployment wlll be presented and

compared witﬁ the results of the family labor demand functions.

The National Demand Functions for Family Labor

The results of the estimation of the family labor demand
functions for the U.S. are presented in this section and are
included in Tgble 8 as equations 1 through L. The residuals
of two of the demand functions for family labor are graphi-
cally plotted against the asctual numbers of family workers
in Figures 9 and 10, These figures show that the functions
estimated over the more recent period, 1940-1957, fit the
data better than the over-all period, 1910-1957.

The regressions are single-equation general least-squares
eqQuations and are similar in specification for the different
time periods. The sole difference between the equations is
that the farm wage rate is lagged one year in equations 1

through 3. Since the number of family workers changes slowly



Table 8, Regression coefficients and elasticities for the demand functions for
family labor, U.S. and nine geographic regions

Equation Time Regression coefficients® Elasticities?
number period Region !%.1 Xl 125 XB Xh X Xh R q

1 1910-1957 U.8. =~ z:ggg z.gg? - (.gﬁ?‘ =20 .03 .91 sc°
2 1920-1939 U.8, - z.gg? ?.3% - 2.32? “,16 -.11 .81 1
B AR o SR B R R
b 190-1957 U-S. - =.878 ?.g$§ - %g ~32 .39 .95 1
5  1940-1957 NEf ('g;} ;:iﬁ;f - - - - - .87 -
6 19291957 MA (:gg? z:gng ?:%%?f - (.3&?‘ -.07 .07 .98
7 1929-1957 ENC (ﬁg -2'.76. i?g) - (:gg) 21 .02 .87 =
8  1929-1957 WNC - -(-.g; - .2 - - - 5 -
?  929-1957 84 089 .e0st Gy ( 3‘23) -t %
10 1929-1957 ES? - ?3.3? - 9£} - - - = 9% -
11 1929-1957 WS¢ - (1.55) ?§5u3> - - - - .92
- - - - 96 =

12 1929-1957 MTH g? ?'36§§ -

11 10L7 107 DAN 11:\ NP9 . S



Ledd) (2.0)

9 1929-1957 SA 059 .605% -8.08 - (Zgﬁg‘; T % -
S G e A+ L
e IR - I
12 1929-1957 MIN (:ggl’ -(-:gzg;' e A - = - 96 =
13 1947-1957 Pac  .110%,;085% _5.94 - - - e .98 -

(.28) (.26) (1.52)

@The regression coefficients are:
, Y¢.1: the family labor force, lagged one year

Xy the farm wage rate
p.CY time as a variabdble
x3: the value of farm machinery and equipment

Xu: for the U,8., the index of prices received by farmers relative
to the index of prices paid by farmers for production expenses,
for the regions, the parity ratio, lagged one year

The signifiocance level of each regression coofficient is at the

S«per cent level unless otherwise designated.

PIn the short-run

®The farm wage rate is deflated by the index of prices paid in production
in the. four national equations, and by the index of prices paid in living
expenses for ths regional equations,

dSignificant at the 30-per cent level or below

®3erial correlation among the residuals is indicated by sc, and indeterminate
results by 1.

r81gn1rioant at the 10-30 per cent level
&The regions are as indlcated in Figure .

fi6-2c6



Figure 9. Actusl and predicted number of family farm

workers in the U.S., 1910-1957 (by demand

function 1 of Table 8). Actual numbers:
the solid line.

Figure 10. Actual and predicted number of family farm

workers in the U.S., 1940-1957 (by demand
function I} of Table 8). Actual numbers:
the solid linse.
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over the years, and because of estimation problems, corrselation
¢f the residualsvbecomes a serlous statistical problem. As

an indication of correlation, the d' statistic of the Durbin-
Watson test (22) was computed for each of the four equations,
Two of the equations showed positive serial correlation, while
the other two were indeterminate, even though time was in-
cluded as a trend varisble and was significant'in all of the
equations., Ordinarily, such significant residual correlation
would ceall for some type of transformation, such as for the
use of first differences or for an autoregressive scheme. In
this case, the use of highly refined technigques was held to

be undesirable in view of the tentative structure of the model

and the relatively poor data available.

The farm wage rate as the price of family labor

Data for the series on family labor are in index form for
the U.S., thus permitting a comparison of regression coeffi-
clents, as well as elssticities., Three of the four coeffi-
cilents of the farm wage rate were significant., The coeffi-
cients ranged in value from -.1l; to -.93, There is some
theoretical basis for lagging the wage rate when using general
least sguares equations, but this contention was not corrobo-
rated by the regressions for the period 1940-1957. Over this
period, equation 3 contained the wage rate lagged one year,
while 4 was not lagged. However, the regression coefficient

in lj was more significant than the coefficlent in 3. The
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results indicated that the demand for family labor has been
responsive to changes in the farm wége rate.

The price elasticities of the first three farm wage rate
variables were similar in value while that for L was somewhat
1arger,.though all were inelastic. For the over-all period,
1910-1957, given a 1l0-per cont Increase in the farm wage rate,

ceteris paribus, there has been an accompanying decrease in

the demand for family labor of 1.4 to 4.1 per cent. The re-
gression coefficients and elasticities over time appear to
have remained relatively unchanged. However, if one assumes
that the more valid form of the equation is as included in 1,
2, and L, 1i.e., no lag in the wage rate for lj, then there is
some basis for the contention that the eélasticities wers higher
for the recent period. |

From the analysis of the farm wasge rate variable, several
results have been noted. First, the demand for family labor
apparently has been responsive to changes in the farm wage
rate. This result would support the hypothesis that the farm
wage rate is an indicator of the wage accruing to family
workers. Second, there 1s some basis for the contention that
. the price elasticity has increased for the ﬁore recent periods,
A consequent implication is that the demand for farm labor
has shifted from a lower level of response to farm wage rate
changss prior to World War II to a higher level of response -

in the subsequent period.
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The prices received varisble

The regression‘coefficients'and elasticities of the
prices received varigble ovér time differed considerably.
For the period,.1910-1957, the regression coefficient and
cross-elasticity~of demand spproached zero, and wsas non-
significant. For the two intervening periods, however, the
signs of the regression coefficlents were different. During
the years 1920-1939, the'regression coefficient for the prices
received variable was negative; during the 1940-1957 period,
the corresponding sign of the regression coefficilent was
positive, Further, both coefficlents were statistically
significent. A comparison of cross-elasticities in which
those of 1940-1957 were sversged, is es follows. For the
period 1920-1929, in ecquation 2, given a 1l0-per cent increase
in the index of prlces received for 2ll commodities, other
things being equal, there was en accompanying decrease of
1.6 per cent in the number of family workers. To phrase it
differently, since there was little decrease snd even some
increase in the number of family workers during the period,
along witH a 1l0-per cent decrease in the index of prices
received, there was a corresponding increase of 1.6 per cent
in the demand for fsmily workers. The depression, with a con-
sequent lack of non-farm opportunities, could have given rise
to such a situation. For the more recént period, 1940-1957,
as the 1ndex of prices received rose 10 per cent, other things

being equal, the demand for family workers decreased 3.5
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per cent. Since this period was one in which considerable
off-farm work could be secured, this sign of the slasticity
was also consistent.

In brief, the regréssion coefficient of the prices re-
ceived variable was non-significant for the period 1910-1957.
As estimated over the iﬁtervening periods, the regression
coefficient of the prices recelved varisble for the 1920-1939
period was negative in sign and significant; for the 1940~
1957 period, the sign of the prices received regression coeffi-
cient was positive and significant., There is considerable
basis, then, to contend that to sscertain the effect of the
prices received variasble on the demand for family labor, the
analysis should proceed by separate time pefiods. In the
depression period, 1920-1939, as the profitability of fsrming
decressed, there wes an accompanying increase in the family
labor force. With few off-farm employment opportunities
during the depression, this result appears to be consistent.
During the war-postwar period, 1940-1957, as the profitability
of farming decreased, the number of family workers decreased.
With ample off-farm job opportunities, this result also

appeers consistent.

Comparison of the demand for totsl farm labor with the demand

for family labor

A demand function for totel farm employment was specified

and estimated for the over-all period, 1910-1957, as s means
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of comparison with the demand functions for family lasbor. As
noted in the introduction of this chapter, the demand for total
farm labor was assumed to be a function of the farm wage rate
relative to farm product prices in the previous year, the farm
wage rate relative to farm machinery prices in the previous
year, expenditures on farm machinery in the previous year, and
time as a variable.

The estimated demand function for total farm employment
was:
(L3) Y = 156.14 - .2054Xy - »7003X, - .1&23X3 - -0131X)

e (.053) (.103) (.039) (.041)
where: Y = total farm employment,
Xy = the farm wage rate relative to the index of prices

received, t-1, fwr/ipr,

‘&
]

> farm machinery expenditures, t-1,

>
I

3 time as a variable, and

= the farm wage rate relative to the index of farm

&
|

machinery prices, t-1.
The coefficient of determination was .95. In order to compare
the results of the demand for total farm employment with a de-
mand function for family labor, a demand function for family
labor was similarly specified as 43 and derived for the 1910-
1957 period. The resulting egquation was:

(44) Y = 153.89 - .197 - 4338X, - .1716X, - .0821x
(.oau%xl AR (1065) U
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where Y = the number of family workers, and the other vari-
ebles in Ll are the same as those explained in 3. The coeffi-.
clent of determination was .86 for equation lij.

The similasrity of the two demand functions, L3 and Ll,
suggests that demand functions derived for family labor may
be interpreted to epply to all ferm labor. However, differ-
ences do exist between the two equations. The ratio of farm
wage rates to the index of prices received indicates the
response of the demand for family or total employment to a
rise in the farm wage rate relative to farm product prices.
As the farm wage rate rose relative to prices received by 10

per cent, ceteris paribus, there were corresponding decreases

in the total farm working force of 1.6 per cent and in the
family labor force of 1.5 per cent. Both of the corresponding
regression coefficients are significant at the S5-per cent
level. Hence, the response of the demand for total and family
labor to changes in the farm wage rate was similar for the two
demand functions.

The effect on family or total labor demand of the series
on investment in farm machinery in the previous year ss de-
flated by the index of prices paild in farm living, would in-
dicate the response of farm labor to additions in farm
machinery in the previous year. As the investment in farm
machinery has risen by 10 per cent in the past, there has
been a concurrent decrease of 3.1 per cent in the total farm

labor force, and 1.9 per cent dscrease in the family labor
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force. Both of the corresponding regression coefficlents

were significant at the S5-per cent level or better. The total
demand for farm labor appeared to be the more responsive to
changes in investment in farm machinery in the previous year.

The demand for total and family labor responded somewhat
differently to changes in the ratio of farm wage rates to farm
machlnery prices. -However, the regression coefficients in
both equations were non-significant.

Both of the regression coefficients for the time variable
were significant and similar in size. Evidently, factors that
could be explalined by a linear trend were of simllar importance
to the two dépendent variablss.

In summsry, demand functions containing identical inde-
pendent variables were estimated for total and family farm
employment for the period, 1910-1957. The major similarities
of the two demand functiocns were in the regression coefficients
and elasticities of the farm wage rate-prices received ratio
and the time variables. These coefficients were close in
value and statistically significant. These results indicated
that the response of the demand for total and family farm
labor to changes in these varlables was significant, though
inelastic. The major difference between the two demand
functions was in the value of the regression coefficients for
expenditures on farm machinery. The relatively high signifi-
cant value of this regression coéfficient for totel farm

employmenﬁ signified that expenditures on farm machinery in
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the previous year were more important to the demaend for total
farm lebor than to the demand for family labor. The time
variasble for the family labor demand function wes also signifi-
cant, indicating incomplete specification. The size of the
coafficient of determination for Llj was relatively less than
for 43.

On the basis of similarity of demand response, there may
be a tendency to consider a demend function for family labor
as typical of a demand function for total farm labor. However,
the dissimilerity of machinery expenditure coefficients could

indicate substantial differences between the two equations.

Summary of the demand functions for family labor

Four demand functions for family labor were presented.
These demand functions when tested for serial correlation in
the reslduals gave evidence of some positive seriasl correla-
tion., Consequently, in interpreting these equations, this
factor should be considered. Essentially, the demand functions
for family labor proved to be responsive to the farm wage rste.
The prices received variable, too, was significant, though the
analysis of the equations had to be made separately for the
periods 1920-1939 and 1940-1957. Basically, then, the hypoth-
esis that the demand for famlly labor was responsive to the
farm wage rate and prices received was supported by this
analysis,

A comparison of demand functions for family and total
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farm employment demonstrated a simllarity of response between
the demand functions. However, the effect of expenditures for
farm machinery on labor demand differed suffliciently so that
it is not necessarily true that a demend function for family

labor is typical of the demand function for total farm labor.

The Regional Demand Functions for Family Labor

Following the estimation of national demand functions for
family labor, the results of the national regression coeffi-
cients and elasticities can be compared with those obtained on
a regional baﬁis. Consequently, demand functions for family
labor by regions were estimated and are presented in Table 8
as equations 5 through 13. In this section, the order of
presentatioﬁ will be: (1) to make general comments concerning
the regional labor demand functions, and (2) to analyze the

coefficlents and elasticities of these functions.

General comments on the regional demand functions for famlly

lebor

The hypothesis again is that the regional demand func-
tions for famlily lasbor, as estimated in this study, are
similar to those demand functions for famlly labor derived
for the total U.S. Family labor is held to be a furction of
the farm wage rate and the parity ratio. The basic explana-
tory variable is the hired farm waée rate. The reasons for

the adoption of this variable were explained in the previous
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chapter on model specification. Essentiaslly, the farm wage
rate was construed to be the price of family labor in the
absence of a better indicator of family labor remuneration,

Another explanatory variable included 1n the anslysis
was the parity ratio computed on a regional basis. Lagged
one year, this ratlo served as an indicator of the relative
change in the profitability of farming in the previous year.
Since these data were lacking on a regionsl basis, the series
had to be constructed on a "typical®™ state basis. The parity
ratio consists of the ratio of the index of prices received
by fermers for all commodities and livestock to the index of
prices paild for production, living interest, taxes, and wage
rates. As there was relatively little change regionally in
the prices paild, data for the U.S. were used. However, since
prices received vary regionally according to the product mix,
regional estimates are requisite. These estimates are not
published regionally or for all states. As a result, data on
prices received from states typical of the region were
utilized.

Othér variables used in the demand function for family
labor were a linear time trend and a regional approximastion of
the total value of farm machinery.

Both linear gensral least-squares and distributed lag
equations were estimated. The demand functions for family
labor for the regions were 1n1tia11y estimated by general

least-squares methods. Becsuse of inconclusive results, some
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equations were estimated by distributed lags. Since the

distributed lag equations failed to improve the significance
of the independent variesbles, it was not desemed worth while
to estimate functions for all of the regions by this method.

A test of residual correlation was not performed for the
regional equations for the results of the regional demand
functions did not warrant further refinements. The tests for
the national demand functidns for family labor have demon-
strated that serisl correlatlion does exist. Too, the distrib-
uted lag equétions, as noted previously, usually will not show
residual correlation.

The series of the total numbers of family workers used is
again that seriss estimated by the AMS, but is in actual num-
bers rather than in index form. Hence, a direct comparison

of the regression coefficlients is not possible.

Analysis of the regional demand functions for family labor

The regression coefficlents in the regional demand
equations may vary according to the period covered, the size
of the labor force, and the influence of the variable,
Briefly, the regression coefficients for the farm wage rate,
the price variable, ranged from -2.71 to .SOS. Only one of
the regression coefficients was significant at the S5-per cent
level, however, and only in the distributed lag eéuations are
the coefficients significant even et the 30-per cent level,
Basically, the demand functions indicate that the family labor
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force by region has not been particularly responsive to
changes in the hired farm wage rate. Only 1in the East North
Centrel region was the family labor force significantly
responsive to the farm wage rate, with a price elasticity of
-.207. Three other regions had regression coefficients

larger than the standard erfors. Since the other regression
coefficients were not statistically significant, price elasti-
cities wefe not derived.

The parity ratio was included as a varlable in three of
the regional demand functions. Of the three regions, the
regression coefficient was significant at the S-per cent level
in the Middle Atlantic, and non-significant in the South
Atlantic region. Because the parity ratio was included in
only three of the nine regional demand functions for family
labor, no definite conclusion as to the importance of this
variable can be drawn. However, the parity ratio does seem
to have been important in the northeastern region of the U.S.

The third variable included in the regional demand func-
tions for family labor was a time variable entered in linear
form. The time varisble was significant at the S5-per cent
level in five of the six regional demand functions in which
it was included. Of the regional demand functions ‘in which
time as a variable was either not included or non-significant,
three of the demand functions were estimated by distributed
lags and contained a significant lagged dependent variable.,

These results indicate that variables representing specific
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influences on the regional demand for family labor other than
the farm wage rate and the parity ratio were not included in
the equations.

Two general conclusions can be made from an analysis of
the results of the regional demand functions. First, the de=-
mend functions for family labor for the individual regions did
not indicate that the hired farm wage rate was significantly
important in determining the demand for family labor. Second,
‘the significance of the trend variasble in the regional demand
functions for family lébor indicates an incomplete specifica-
tion of the model,

Why are the coefficients for the U.S. demand functions for
femily labor significant while the corresponding regional
coefficients are non-significant? A possible answer may lie
in the significance of the trendAin these regional demand
functions. 1If the data collected for each region does not
reflect year-to-year marginal changes in the family labor
force, then & trend varisble would explain the smooth varia-
tions quite well., When the data are aggregated on a national
scale, the accumulation of data mey bring the yeaf-to-year
changes into more prominence,

Another factor in the non-significance of the farm wage
rate variable is that the time period covered by the demand

functions regionally and nationally is different.

In brief, the regional demand functions for family labor
for the 1929-1957 period were not significantly responsive to
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changes in the farm wage rate. Most of the change in the
regional family labor force can be accounted for by a linear
trend variable or by the dependent>var1able lagged one year.
- The reason for the’non-significance of the farm wage rate
varlable may be that the data as reported for each separate

region do not reflect enough year-to-year changse.
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EMPIRICAL ESTIMATES OF THE NATIONAL SUPPLY
FUNCTIONS FOR FARM LABOR

References were made in the previous chapters to the
supply function for farm labor. Briefly, the main points
presented were: (1) the supply function for hired labor was
'specified in order that a demand function for hired labor
could be identified from a system of equations; (2) the theory-
of labor supply utilizes assumptions concerning the utility
of work end leisure with income as a frame of reference; and
(3) the supply function for either hired or family labor was
specified in terms of the farm wage rate, a composite non-
farm wage rate adjusted by the percentage of unemployment,
time 23 a variable, and the lagged endogenous varisble.

A current hypothesis relative tc the supply of farm labor
was tested in thls chapter., Essentially, the hypothesis was
that the supply of farm labor is less responsive to changes in
the farm wage rate than to changes in non-farm wage rates,
subject only to the avallability of non-farm employment
opportunities. This hypothesis leads to the quantification
of the "push-pull" migration theory under the assumption that
the rate of off-farm migration, which directly affects the
supply of farm labor, is subject more to the fpull® of none
farm wage rates and employment opportunities than to the
"push" of the introduction of labor-saving machinery and

tochniqu?s (28, 4O, 78, 82, 11%5).
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Supply functions were derived individually for hired and
family labor. The presentation and analysis of the supply
functions for hired labor will precede the analysis of the
supply functions for family labor. Following this eanalysis,

a function predicting net off-farm migration will be presented.

The Estimation of a Subply FPunction for
Hired Labor for the U.S.

To accompany the demand functions for hired labor, supply
functions for hired labor have been derived. As mentioned
earlier, the hypothesis tested was that the supply of hired
labor is not responsive to the farm wage rate, but is respon-
sive to off-farm opportunities for employmént. For the pur-
poses of this thesis, the hired and family categories of farm
employment are hypothesized as responding to the same variables
but differing in degree of response. Actuslly, the factors
determining the supply of these different types of workers mey
be entirely separate. However, little is known in a quanti-
tative sense of the factors affecting farm labor. Consequently,
the study will proceed under the assumption that the variables
affecting each category of worker are the same, thus providing
a mutual starting point for future aggregative supply studiles.

The supply functions for hired labor were estimated from
a system of equations, one estimated by reduced-~forms, and the

other estimated by the Theil-Basmann technique. In addition,
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the Thell-Basmann supply function was estimated using auto-
regressive least-squares equations.

The method of presentation differs from that used in the
preceding chapters; the énalysis will proceed by type of
equations, rather than by variable., A comparison of regression
coefficlents and elasticities of these and other studies will

conclude the section.

A just-identified (reduced-form) supply function for hired

labor

A two-equatlon just-identified system of equations was
utilized initielly to estimate a supply function for hired
labor. The Just-identified demand functidn for hired labor
is presented as equation 8 pf Teble 5. The consequent supply
function for the period 1929-1957 wsas:
(45) Y = 22.869 + 8145 Yy_; + .1757 Xy - «3654 Xo - ,1036 X3

where Y = the supply of hired labor
X, = the composite farm wage rate deflated by the index
of prices paid for living expenges
X5 = time as a variable
X3 = a composite non-farm wage variable, A4(1-50).
The non-farm wage variable has been described in the chapter
on model specification. A is the average hourly earnings of

factory workers, and U 1s the percentage total unemployment

which is not allowed to rise sbove 20 per cent. The standard
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errors of the regression coefficients were not estimated be-
cause of time limitations and because the Theil-Basmann
estimates contain standard errors.

The signs of the regression coefficients appeareg to be
consistent. The elasticity of supply of the farm wage rate
in the short-run wes .13 and .71 in the long-run. In the
past, then, as the farm wage rate has increased by 10 per cent,

coteris paribus, there has been & concurrent rise in the supply

of hired labor of 1.2 per cent in the short-run, and 7.1 per
cent in the long-run pericd. Both short-run and long-run
price elasticities of supply were inelastic.,

The cross-elasticity of the non-farm wege rate varisble
was .057 in the short-run and -.31 in the long-run. With an
increase of 10 per cent in the non-farm wage rate varisble in
the past, there has been an accompanying decrease in the
supply of hired labor of .6 per cent in the short-run and 3.1
per cent in the long run. The cross-elasticities appeared to
be quite inelastic.

The coefficient of adjuﬁtment, .1855, indicsted a rela-
tively long time period of adjustment to a sustained price

change.

A supply function for hired labor estimated by autoregressive

least squares from a system of equations

The procedure involved in performing an autoregressive

modification has been discussed in a previous chapter of this
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study. To estimate an autoregressive least-squares equation
containing several variasbles, a program has been developed
by the Iowa State University Statistical Laboratory for the
IRM-650.

The varisasbles included in the syétem of equations are the
same as those in the just-identified system, except for an
additional non-farm variable lagged one year. The correspond-
ing demand function is presented in Table 5 as eguation 9,

When the estimation of the supply function for hired
labor was initislly attempted, difficulty was encountered in
the iteration procedure. All of the coefficients of the
supply function increased in absolute value rather than follow-
ing e converging sequence. A likely source of the trouble
was the failure of the demand shifter, the parity index, to
sufficliently identify the supply function. To derive a satis-
factory supply function for hired lsbor the inclusion of
another demand shifter was deemed necessary. Consequently, the
existing supply function, }45, was held to be insufficiently
identified to provide adequate estimates of long-run
elasticities.

The system of equations was enlarged by the addition of
another demand shifter, the value of farm machinery and
equipment, lagged one year. With the inclusion of this vearie
able in the system, a supply function for hired labor for
the 1929-1957 period was:
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(LW6) Y = 140.95 + .4B62 Yy 4 + .1667 X, - .8548 X
(i357) °7Y o (lzsn) Y (s G

- .11 x,
(.095)

where the variables are the same as those explained undser 30.
The signs of the regression ccefficlents appeared to be
consistent, and the values of the coefficients of the wage
rate, X;, and the composite non-farm wage rate variable, X3,
ﬁere much the same as in 5. However, in terms of statistical
significance, the coefficient of the farm wage rate variable
1s less than the corresponding standard error. The remaining
coefficients were significant at only the 20-per cent level,
Since sutoregressive least-squares eguations were used, the
estimate ofﬁ was:
W% = 555 e
and was significant at the 20-per cent level,

The elasticity of supply for the farm wage rate was .125
in the short-run and .2l in the long-run. In ﬁhe past, then,
an increase of 10 per cent in the farm wage rate has been
accompanied by an increase in the supply of hired labor of
1 per cent in the short-run and 2.l per cent in the long-run.
However, the regression coefficient was non-significant.

The supply elasticity of the composite non-farm wage rate
varisble was -.078 and -.15 in the short- and long-run periods,

respectively. An increase of 10 per cent in the non-farm wage
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rate variagle haes been accomparnied in the past by a decrease
in the supply of hired labor of .78 per cent in the short-run
and 1.5 per cent in the long-run. However, the regression
coefficient of this varieble wes also non-significant.

The coefficient of determination was .974. The adjust-
ment coefficient was .51, which indicated a rather short ad-

justment time period.

& comparison of regression coeffliclents for the supply of

hired labor

The results of the supply functions for hired labor may be
compared-with the results of Schuh (105). The work done by
Schuh was not known until after a majority of these egquations
vwere estimated. He was primariliy interested in supply estima-
tion and derived his supply functlions by the Theil-Basmann
method. The variasbles used in his supply functions were the
farm wage rate, non-farm earnings, unemployment, and the
civilian labor force. The time period was the same, 1929-1957.
Schuh, of course, did not utillize autoregressive least-squares
equations in his supply functions.

The short-run elasticities of the farm wage rate wers
similar between the two studies. Schuh's estimetes ranged
from .07 to .20, while for equation L6 the estimate was ,125,
The large differences arose in the long=-run estimetes. The
long-run price elasticity of supply was .24 for equation L6,
while .71 for equation 45, and from .32 to 2.03 in Schuh's
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equations. With the equation modified by the autoregressive
scheme, the long-run elasticity was estimated to be much

lower then that derived by ordinary estimational technigues.
The essential difference, of course, is that the modified

form of equetion lj6 permits a lower estimation of the coeffi-
cient of the lagged endogenous variable, which in turn, results
in a higher adjustment coefficient.

The non-farm wage rate variable was not directly compar-
able with the egtimate of Schuh. He presented non-farm
earnings and unemployment separately. However, they may be
compared indirectly. The estimates of the regression coeffi-
clents of L5 and 46 are similar; in the short-run the elasti-
city of the non-farm wage rate variable was -.057 for L5 and
-.078 for 6. The corresponding short-run elasticity for
Schuh's estimates were higher, averaging -.L46. In the long-
run, since Schuh's estimated adjustment coefficisnts were very
low, the elasticities of his non-farm earnings variable ranged
from -2.1) to -4.67. The corresponding elasticities in the
long-run for 45 and }6 were -,31 and -.15. Though the variables
eare not directly comparable, one comment can be made. The
estimational technique used by Schuh permits a very wide range
of long-run estimates of elasticities. Had Schuh used an
autoregressive transformation and possibly included time as a
trend variable, his estimates would likely have been similar
to those found in this study. This is not to say, of course,

that his work is not excellent otherwise,
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In summary, a supply function for hired labor ﬁas esti-
mated using autoregressive lsast squa£es. The results of this
- estimation, equation l}6, tend to confirm the initial part of
the hypothesis that the supply of hired leabor was relatively
unresponsive to changes in the farm wage rate. The computed
cosfficients of the farm wage rate variable were consistent in
sign and indicated that the long-run elasticity was quite
ineléstic. Any interpretation of the size of the elasticities
must be qualified by the non-significance of the regression
coefficient,

The results of the estimation of the non-farm wage rate
variable did not affirm the remaining part of the hypothesis
that the non-farm wage rate 1s 8 dominant force in determining
the size of the hired farm labor force. The regression coeffi-
cient was significant at only the 20-per cent level. The
cross~-elasticity in both the short- and long-run were of con-
sistent sign but quite inelastic.

The adjustment coefficient was computed to be .51. The
time period of adjustment in the long-run.was fairly short.

A comparison with a supply function for hired labor by Schuh
irdicated that Schuh's estimates of the adjustment coefficient
were very low, and hénce, his long-run time period of adjust-

ment was long.

In general, the estimation of the supply function for
hired lsbor appeared to be consistent: varisbles which were

assumed to affect the supply of farm labor were included in the
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specifica’ion; the effect of the farm wage rate and a composite
non-farm wage rate variable were tested; and the function was
modified by an autorégressive scheme.- However, the analysis
was of a tentative nature, for the focus of this thesis was on

labor demand.

The Estimation of .2 Supply Function for
Family Lebor for the U.S.

The analysis of the supply f&nctions for hired lebor does
not necessarily reflect the relationship of the variables
tested to the supply for sll farm labor. Hence, a tentative
analysis of the supply function of family labor for the U.S.
was conducted. With no quantitative analysis done in this
field, the hypothesis was adopted that the same variables that
affect the supply of hired labor should affect the supply of
family labor. Thus, the supply function for family labor was
specified with the same variableé as used for the hired labor
analysis., The estimating technique was again that of the
Theil-Basmenn technique using autoregressive least-squares
equations. To assist further in the determination of the
dominant factors affecting the supply of family labor, an
analysis was made of the variables affecting the net migration
from farms,

The results of the supply function for farm labor will be
presented initially, followed by the anglysis of net farm
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migration.

The supply function for famlily lesbor in the U.S.

As described in a previous chapter, the supply of farm
labor was estimated as a function of the farm wage rate, a
non-farm wage rate variable, time as a trend or technology
varisble, and the family labor force lagged one year.

In the estimation of autoregressive least-squares equa-
tiong, several itsraticﬁs are "run" until negligible changes‘
occur among the estimated coefficients. The results of the
second iteration estimating the supply function for family
lﬁbor indicated large and inconsistent changes from the pre-
vious iteration among the lagged variable, time, and the
estimate of 2 « However, the regression coefficients of the
farm wage rate and non-farm wage rate had little change.
E?idently, without highly significant independent variables
other than time and the lagged dependent variable, problems of
multicollinearity arose. On the initial iteration, however,
as the iteration was beginning to "settle down," the estimated
Tamily labor supply function, taken as deviations from the
mean, was:

(48) ¥ .17 x; = .013 x, - .079 x5 - 1.08 x 52y
T ) (.053) (.072) 7u3)h (136)°F

where: y; = the family labor force
Xy = the farm wage rate deflated by the index of prices

paid for living expenses by farmers

X, = the composite non-farm wage rate
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X3 = Xy lagged 6ne year
x;, = time as & variable
x5 = Vgo1e

The regression coefficients of 48 were consistent in sign, but
were all non-significent. The estimate of the autoregression
coefficient, @ , Was .65 and non-significant. Upon the com-
pletion of the next iteration, the coefficients of x;, X5, and
Xy Were relatively unchanged, but the coefficlients of the re-
maining variebles changed errétically. Consequently, because
of the unfinished estimation of the supply function for family
lsbor, elasticities were not derived. However, the size and
significance of the primary explanatory variableé are of
interest. Non-significant results were obtained both for the
farm wage rate and for the non-~farm waege rate variebles.
These results are similar to those obteined in the estimate of
the supply function for hired labor.

The supply of family lsbor was also estimated for the
same period, 1929-1957, by ordinary least-squares methods. In
these equations, the non-farm wage rate and the percentage of
unemployment were fitted separately. The supply functions ars
presented below, with the data taken as functions from the mean:
W93 = BN T CRe T Cn T o T IRy

132 X7 - 149 x, + .135 x3 = 405 3, +  .7Th Ve
(o2e)L T ot T 1™ T 3%y IRy e

where 49 was estimated from a system of equations and 50 was

(50) ¥y
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singly, and:

= the family labor force

the farm wage rate deflated by the index of prices
paild for living expenses

the non-farm wage, deflated by the same deflator as
X1

percentage unemployment of the total work force
time as a variable

= y+ lagged one year.

The farm wage rate coefficients of 49 and 50 were similar to

48. The significance levels were higher, however, in L9 and

S50, reaching the 5-per cent level in 50.

The non-farm wage rate coefficients were 2lso more signi-

ficant, though not directly comparsbls.

If the iterstive pro-

cedure had "settled down," it is likely that the coefficients

of 4,8 would have been significant at or better than the 20-per

cent level.

However, based on the results of 48, the supply of family

labor apparently 1s nelther highly responsive to the farm wage

rate nor to the non-farm wage rate.

This conclusion is tents-

tive and 1s correct only to the extent that the data sand

specification of the model were correct for the particular

time period, 1929-1957.
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Analysis of net farm migration

As discussed at the start of this chepter, & current
hypothesis exists thet the migration from farms is more in
response to off-farm employment opportunities than to the
"push" of new farm technology which would obviste the need
for much of the farm lsbor. The estimsted supply functions
tested this hypothesis to some extent, and the results indi-
cated a relative lack of response of the supply of farm labor
to both of the varlables. To epproach the problem from the.
aspect of net changes in the farm population; in essence, is to
analyze the net changes in the supply of labor. The deter-
minanté of the net farm migration series were held to be the
farm wage rate, the parity ratio lagged one year, the com-
posite non-farm wage rate lagged one year, time ss a varisable,
end the net farm migration lagged one year. No autoregressive
transformation was performed, and the time period covered was
again 1926-1957. The resultant equaﬁion with the data taken

as devigtions from the mean was:

BT BT T o T o T s

023 yt-1
(.022)

where: g = the net migretion from farms

X = the farm wage rate

Xo the parity ratio, lagged one year

X3 = the composite non-farm wage rate, lagged one year

xh{

time as a variagble
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Ytwl = Jis lagged one year,
The net migration series is presented in terms of "+" which
signifies a net return to the farm, and "~-" which signifies
a net departure from the faerm. Hence, the sign of the farm
wage rate lndicates that as the farm wage rate has risen,
there has been an accompanying net return to the farm.
Similarly, as the composite non-farm wage rate in the previous
year haé risen, there has been an sccompanying net departure
from the farm. For this equation, the coefficient of deter-
mination, or RZ, was «36e. Only 36 per cent of the change in
the net migrstion from the farm was explained by this equa-
tion. However, the signs of the regression coefficients
eppear consistent for all but one of the varliables. The
regression coefficients with the consistent signs indicate:
(1) as the farm wage rate rose, there was an accompanying
net return to the farm; (2) as the non-farm wage rate rose
in the previous year, there was a concurrent net departure
from the farm; and (3) over time there was a net departure from
the farm, However, the sign of the parity ratio is negative,
and indicates that as the parify ratio has increased in the
previous year, there has been an accompanying net departure
from the farm. Evidently, the time periods when the parity
ratio has increased have been periods of relstive abundance
of non-farm employment opportunities.

The non-significance of the farm wage rate and non-farm

wage rate variables indicatedhthat though the signs of the
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regression ccefficients were consistent, the response to
changes in these parameters was not significant in terms of
farm migratioh.

However, the farm migration series consists of farm
people moving to the farm as well as péople moving from the
farm. An analysis of the movement of farm people away from

the farm might give different results.

Summary of the results of the estimation of supply functlions

for family labor

A tentative analysis of the supply of family labor and
of net farm migration has been presented. In general, the
supply of family lsbor did not appear to be responsive to
changes in farm wages, and simllarly, rather unresponsive to
changes in the composite non-farm wage rate. These results
corroborate the original hypothesis only to the extent that
the supply of family labor was unresponsive to farm wage rate
changes. Although the unresponsiveness of the supply of
family labor to changes in non-farm wages did not negate the
hypothesis that the supply of family lasbor is responsive to
off-farm employment opportunities, the results did not corrob-
orate the hypothesis.

An analysis of this type is only as good as the data
available and the estimetion techniques used. Improvement of

the data, especially for family lsbor, could bring significant-

1y better results.
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The results of the analysis of net migration were of
interest but did not change the results obtsined from the
analysis of the supply functions for family labor. Both the
farm wage rate and the non-farm wage rate had consistent signs
of the regression coefficients though they were not statisti-
cally significant. These results again indicate that the
supply of farm labor is not significantly responsive to
changes in the farm wage rate or to changes in the non-farm

wage rate.
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THE SUBSTITUTION OF FARM LABOR AND MACHINERY

Equations which contain the price of farm machinery have
not been included in the foregoing analysis of labor demand
because of inconsistent empirical results. Since the gubsti-
tution between these two classes of inputs has been difficult
to estimate quantitatively, the discussion of this réletion-
ship was accorded a separate chapter. In this section, the‘
objective is to examine the factors affecting farm labor and
ferm machinery so that the reason inconsistent results were
obtained may be better understood. Equations are presented
which include as independent variables both the farm wage rats

and machinery prices either as single varlsbles or as ratios,

Relatlonship of the Farm Labor

and Ferm Machinery Markets

Essentially, the substitution of labor and machinery 1s
affected by four factors: the price and availsbility of labor
and the price and availability of machinery (15). The relstion-
ship of these variables to the demand for labor has not been
clearly empirically established. However, it may be contended
that the so-called "push=pull™ migration hypothesis holds
(28, 4o, 78, 82), but that the main impulse of off-farm
migration is generated by farm-non-farm relative wages subject
to off-farm employment opportunitles. Mechanization would

increase as the number of workers declined. A gimultaneous
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determination of labor supply and demand with the value of
farm machinery may be needed.

Several of the important determining variasbles of farm
labor (Table 2) have changed simultaneously. As farm wagse
rates have risen, and farm machinery expenditures have in-
creased, farm machinery prices have increased and the farm
population has decreased. These changes have been cocincident,
but, as shown in Table 2, have occurred at different relative
rates. Contributing factors to the. concurrent change in
these variables are: (1) mechinery innovations have increased
the value of machinery relative to machinery prices; (2) farm
wage rates may follow industrial wage rates; and (3) farm
machinery prices have followed steel end industrial product
prices.

Cromarty hypothesizes that a farm machine's earning power
is dependeht not only on price, but also on the changes in
‘technology in farm machinery and farm production methods (15).
The structural relastionship of farm labor and farm machinery
apparently is constantly changing.

Two other factors are important in analyzing the machinery-
labor situation., Farm lesbor and machinery on a firm level
are In one sense complementary. If a new tractor were added,
an additional man must be hired to operate the machine. This
situation could more aptly apply to areas already well-
mechanized. The other factor is that substitution of labor

and machinery may be a one-way relationship. As labor leaves
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the farms, machinery is introduced. To reverse this process,
" and accommodate labor returning to the farm, machinery must
be sold or left idle. According to the Johnson “fixed-
asset theorem™ (67) machinery will be sold only under ﬁhe
unlikely circumstances that its marginal value product is
iess than its salvage valuse,

These features of the farm labor-machinery relationship
indicate that price comparisons alone may not lead to a com-
plete understanding of the relationships involved. However,
due to lack of better data the relationship of machinery and

labor was analyzed using only relative price considerations.

Empirical Demand Functions Containing

a Machinery Price Variable

Four equations are presented which are based on the
specification of two different models. One model was spec-
ified to predict the demand for hired lasbor, and the other
to predict farm capital expenditures on farm machinery and
equipment. All equations were taken with a distributed lag,
both in linear form and in logs.

The time serles on hired labor is the same as that pre-
sented in the chapters on the demand for hired labor, while
the series of farm capital and expemditures is composed of
farmer expenditures on tractors, trucks, automoblles for

farm business use, and other machinery and equipment as
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contained in reference (129:July 1959, p. 51). The ex-
planatory variables which contalin the price of farm machinery
and the farm wage rate are presented in one of two ways:
either separately or as a ratio.

Two equations'predicting.the démand for hired labor for
the period 1310 to 1957 are presented first. A linesr
equation utilizing the farm wage rate and the price of fafm
machinery as a ratio was estimated s follows:

(52) ¥ = 25.66 - .0588 X; - .2054 X, + .8570 X
(.0L01) (.111%) (.0727) 3

+ .0169 Xu
(.0320)

where: X, = the farm wage rate deflated by the index of
prices received,
XZ = a linear time variable
X3 = the hired labor force lagged one year

the farm wage rate deflated by an index of

&
"

farm machinery prices.
The coefficient of determination was .982., Though the sign
of Xh on intuitive grounds should be positive, the sign of
the coefficient, though insignificant, is negative. The
results of equation 52 are corrcborated by a similar equation
in logs in which the machlnery price and wage rate are

entered singly:

(53) Y =.7923 + .84,70 X, - .0094 X, = .1375 X
(.053) L (.016) 2 (.039) 3
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- 00994 Xh
(+031)
where: Xy = the hired labor force lagged one year

X> = an exponential trend

X3 = the index of farm machinery prices defléted by
the index of prices paid in living expenses
Xh = the farm wage rate deflated by the Index of

prices paid In living expenses.

The coefficient of determination was .985. In this equation
the regression coefficient for the index of machinery prices
is significant and has & negative elasticity of -,1375. Were
the time variable, X5, entered in the equation so as to be
more statistlcally significant, the X3 coefficient may not
have been significant.

The predictions of farm capital expenditures for farm
machinery are presented in equation 5l in logs, and in 55 in

linear form. The equations are:

(SL4) Y = 1.2353 + ~676L X, + 2132 X, = 05213 X
iy T BB T B#R)S
(55) Y = =3.83+ o753 X; + o134 X + 315 X)

(4092) = (4092) (+057)
where: Y = farm capital expenditures on farm machinery
and equipment

Xy = ¥ lagged one year

X2 = the ratio of the farm wage rate to the index of
farm machinery prices
X3 = the hired labor force in the year t, and
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Xh = a linear time trend.

In neither of the equations is the ratio of wages to machinery
prices significant at the 5 per cent level, although the
values sre at least grester thsn their standard errors.

What implications do these equations have on the anal-
ysis of the substitution of machinery and labor? First,
the results may indicate that in eguations 52 and 53 the
data have not been entered in such form as to demonstrate
the substitution between farm wages and farm machinery prices
as it actually occurs on a firm level. Cromarty, too, found
that in predicting the quantity of machinery purchesed by
farmers ™the negative sign on farm wage rates does not support
ths hypoﬁhesis that mechinery is substituted for labor as
farm wages rise" (15, p. 40). However, as pointed out
earlier in this section, and according to Table 3, wage
rates, machinery prices, and machinery purchases have all
increased together while the lasbor force has decreased,
The data is not contradictory for it has explained in an
'aggregative sense what has happened in the past., Similarly,
equations 5l and 55 appear to be quantitatively consistent
for the same reasons. |

Second, to perceive the substitutibility of labor and
machinery, consideration must te given to changes in quality
of farm machinery, changes in crop production methods, and
technological changes that affect the substitution of labor

and machinery.
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In conclusion, the four estiméted equations are of
interest because they explain the dependent varisbles in
terms of what has transpired in the pest in accordance with
the aggregative data used. To more adequately specify the
substitution of labor and mechinery, two requirements should
be met: (1) the inclusion in or along with the price of
machinery of quelity chsnges in the machinery, and (2) to
subdivide the scope of the anslysis into smaller areas znd/
or crops, so that specific instances of machinery replascing

labcr can be observed.
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PREDICTIONS ON THE SIZE OF THE FARM LABOR FORCE

In the preceding chapters, empirical demand and supply
functions for farm labor were presented and analyzed to gain
information on the structure of the farm labor market as it
has existed in the past. The test of & demand function liles
in its predictive accuracy. In this chapter actual predictions
of the size of the farm labor force for 1965 and 1975 are pre-
sented. Short-run predictions based on & few of the previbusly
discussed demand functlions are presented first. Secondly,
methods of current predictioné of long=-run estimates of the
ferm labor force ere discussed, and a naive long=-run predic-

tive model based on man-hour requirements is presented.

Short-Run Predictions of Farm Labor Size

In this section, probable future trends in the demend for
farm labor are presented, given that past and present tendencies
will continue. Several demand functlons for labor were utilized,
including separately the demand for hired, family, and total
farm emplbyment. The basic essumption underlying these pre-
dictions waé that reasonsble demand functions have been de-
rived which provide reliable estimates of the future.

The term "short-run" is used to indicate a time period
short enough that a firm is unable to vary the quantity of
some resources used., For the purposes of this paper using

time serlies data, the time periods are definitionallyldeter-
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mined as consisting of yearly periods varying in span from one

to five years, or up to 1965,

Forecasting procedurs

Good forecesting procedure should incorporate the follow=-
ing characteristics: (1) it should be quantitative analysis;
(2) the procedure should be flexible enough to permit judgment
eand imagination to temper the results; (3) it should draw on
all available sources although accepting only those that fit
into the changing economic situation; and (L) Judgment should
be utilized, but without facts and a means of analysis, no
dependable judgment is possible.

To present forecasts for 1965, projections bf the inde-
pendent variasbles were constructed. Basically; they are
simple extensions of trend, for price anslysis is not the pur=
pose of this study. Data were availasble for 1958 and 1959 so

that comparisons of predictions with actual data was possible.

Predictions for 1958, 1959, and 1965

The equations used as the basis of the predictions are:
(1) hired labor, equation 9 of Table 5; (2) family labor,
equation lj of Table 8; and (3) total farm employment, equa=
tion 3. Predictions for these equations are illustrated in
Table 9. The term y in Table 10 refers to actual numbers of

A
workers while y refers to the predicted number of workers.
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Table 9. Predicted farm employment for 1958, 1959, and 1965

Total farm
Year employment Family workers Hired workers
Y ¢ Y ¥ Y K
(In thousands of workers)
1958 7,525 8,100 5,570 6,000 1,955 1,900
1959 7,38l 7,800 5,459 5,900 1,925 1,800
1965 - 6,750 - L,800 - 1,600

As expected, the computed trend in the demand for farm labor
is downward over time. The demand function for total farm
employment covered the period 1910 to 1957, and was not as
sensitive to changes in 1958 and 1959 as were the demand
functions for family and hired workers. The demand function
for famlly labor was estimated over a much shorter period,
1940 to 1957, but even then was only slightly closer to the
actual data. The best fit was accomplished using the demand
function for hired labor over the period 1929 to 1957 in which
autoregressive least-squares equations were employed.

For 1965 a total farm employment of from 6.4 to 6.75
million workers 1s anticipated. Separated into component
sectors, there is a predicted demand for L.8 million family
workers and 1,6 million hired workers. The total of 4.8
and 1.6 million workers derived by independent means came very
close to the estimated total of 6.75 million workers. This

total of 6.75 million workers in 1975 would be & decline of
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33 per cent from the 1947-1949 average of the total number of
ferm workers.
For a comparison with estimates for 1575, longer-run

models are used in the following sectilon.

The Long-Run Demend for Farm Labor

In the inquiry into future requirements and supplies of
agriculturael products, predictions of the demand for farm
labor were necessary. Several exhaustive studies have been
compiled in the last few years which estimated the future
course of agriculture and presented estimates of the long-run
demand for farm labor. Among these were publicatlons by Daly
and Barton (16), Bonnen and Black (9), The President's Mater-
ials Policy Commission {135), Koffsky (74), Cochrane and
Lampe (1), Ruttan (103), and Clark (12).

A common method of this type of prediction was to assess
consumer needs and projected supplies of zgricultural products
as a basis for employment predictions. Basically, long-run
predictions of the labor force sre assessments of the most
probable needs for labor under a rigid set of conditions.,.

For instance, Bonnen and Black stated the following assump-
tions (9): (1) a continued high level of employment; (2) no
all-out war; (3) no besic change in the tax structure;

(L) Maverage" weather; (5) an assumption on future population

size. Glven these restrictions, the factors affecting the
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rate of food consumption have been listed as: (1) population
growth; (2) per capita consumer income; (3) price and income
elasticities; and (L) changes in world supply and demand
affecting exports. Perhaps the most important single deter-
minant 1is the growth in population-sincé the demend for agri-
cultural products 1is relatively inelastic in price and income,
and the status of foreign trade 1s difficult to determine.

Population predictions used by these researchers for the
U.8. for 1975 have varied according to the year that the
report was written, because estimates of the fertility rate
have changed practically from yeaf to year. For instance,
some of the estimates are, in millions of persons, Colin Clark
(12), 234; Nathan Koffsky (74), 210; Paley Commission (135),
193.6; Rex Daly (16), 215.8 to 2;3.9. Given a population pre-
diction, and accounting for income and price elasticiﬁies and
foreign tradé, estimates of the needs of consumers of sagri-
cultural products were sssessed.

Estimates of future production are then computed. It was
assumed that farmland-will remain constant and that employment
will decrease while output per man-houir will increass.

Factors tending to increase output per man-hour are: (1)
larger farms whlch promote economy of use of existing equip-
ment; (2) increases in yields of crops and livestock; (3) in-
cresses in technological development; and () further
specialization of production.

The estimates of the size of the farm labor force, such
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as for 1975, were then calculated so as to furnish the man-
power needed either to fulflill the production estimetes, or to
produce the amount necessary for consumers'! needs. Among the
predictive methods were educated guesses, as in Black (9), and
extensions of linear trends as utilized by Clark (12).

& comparison of some predictions of lebor force sizs for
1975 sre: Daly (16), 5.5 million workers; Black (9), e de~
crease of 10 per cent in the labor force from 1950, or about
8.4 million workers; Clark, 2 million workers, calculated from
the Bureau of Census CPS estimates of farm employment, or
approximately 3 to 3.5 million workers on a comparable scale
with the U.S.D.As AMS series.

In summary, long-run estimates of the farm labor.force
have been derived for 1975 in conjunction with inquiries into

the probsble future demand and supply for food.

& Long-Run Predictive Model for Farm Labor

As discussed above, estimates of the future size of the
farm labor force are extensions of trends, or falrly complex
computations as to the future size of the labor force. The
obvious difficulty of extending trends is that they soon
approach zero and become negative. Complex computational
methods also may be far removed from reality, and speculation
on what "ought" to be should be supported by analyticel tools.

What 1s needed 1s a simple model that can be applied using
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avallable data, which will tske into account changes in output
per man-hour and population changes. One such model is &
logistic one, but it is difficult to estimate.

| The model used for long-run prediction in this paper was:
a growth model similar to that used by Hicks (49, p. 87).

Hick's model was:

(56) B, =E, (1 +g)°

where g = the growth rate, E, = equilibrlum output in period o,
and n = the n-th period. This model was one in which the rate
of growth is constant, and the function increases at an in-
creasing rate. To predict farm labor force size, the equation
was altered so that the function decreases at a decreasing

rate, as follows:

My, (1 - p)?

(57) My
where M, = man-hour requirements of agricultursl labor in the
year n, M, = man-hour requirements in the base year, and p =
the rate of change of asgricultursl output per man-hour. Since
output will change according to consumer needs, change in popu-

lation was added to the model:

(58) My =M, (1 - p)*(1 +g)"
where g = the yearly average change in population in the U.S.,
end the other parameters are the same as explained above.

The advantage of a model of this type is that: (1) it is

a functlon of man-hours in the present or some base year;
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(2) it is modified with variations in man-hour productivity;
and (3) it‘takes into consideration growth in the consumer
gsector. In addition, the properties of the model are that it
converges slowly to some lower asymptote, zero, with the rate
of convergence subjsct to productivity and population changes.
A convenient method of estimating p, the change in
productivity, was to determine the average yearly rate of
chenge in man-hour requirements for the lest few years utiliz-
ing data from reference (133, p. 18). Let My = 76, the index
of man-hour réquirements for 1955, and substitute in various
years from 1946 to the present to determine an average value

for p. For instance, for 1956,

(59) 72=76 (1-p) 1 +g)t

where g was estimeted to be .0172. Teaking the logafithms of
both sides and solving, p = .068. Similarly, the values of p
for 1957 and 1958 were determined, and an average value for p
was .067. To predict, then, this value of p was substituted
into equations for 1965 and 1975, using 1958 as the base
period. The resultant point estimstes were in index form based
on the 1947 to 1949 average of man-hour requirements. The man-
hour needs in 1965 were estimated to be 5.7 per cent of the
1947 to 1949 average, while the estimated labor needs in 1975
were 27.1 fer cent of the 1947 to 1949 average. These points
were plotted graphically and presented with a linear trend

in Figure 1ll. Roughly, these man-hour requirements correspond



Figure 1l. A predicticn of agricultural man-hour-requirements
and an extension of linear trend. 1957-1975
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to estimates of 5 million and 3 million farm workers. The two
series, AMS and FERD, however, are not directly comparable.
Man-hour requirements may be considerably lower than the num-
ber of farm workers, for man-hour requirements tend to decrease
more rapidly than the number of farm workers.

Since the productivity of labor is not constant over long
periods of time, frequent testing of the yearly changes in
man-hour requirements with a concomitant adjustment in the
long-run estimates will be necessary.

Briefly, then, the model presented in this section is one
which can be utilized for simple predictions of the labor re-
quirements in future periods. For the two periods, 1965 and
1975, man-hour requirements were estimsted to be }5.7 and
27.1 per cent, respectively, of the 1947-1949 average, For
policy purposes, these estimates indicate that with the present
rate of change in man-hours needed in agriculture projected
into the future, agriculturalilabor requirements will decrease
by 1965 to 70 per cent and by 1975 to 4O per cent of the

1957-1958 average requirements.
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SUMMARY AND CONCLUSIONS

In view of the importance of inputs to the problems of
imbalance and adjustment in agriculture, a reappraisal of the
forces affecting factor markets is requisite. A particuler
factor, farm lebor, was analyzed in this invastigatioa by
means of empirical demand and supply functions,

The hypotheses tested were: (1) the'demand for hired and
family labor 1s responsive to changes in the price of farm
labor as represented by the farm wage rate, the prices of
other agricultural inputs such as the price of farm machinery,
and product price relative to cost es indicated by the ratio
of the index of prices received by farmers to the index of
prices paid in production expenses; (2) the supply of hired
and family farm labor is responsive to the wage rate, both
farm and non-farm; and (3) since the response of the demand
or supply of farm labor may lag over several time periods, the
estimated form of the models should be taken with a distributed
lag.

The principal objectives of this study in line with the
hypotheses to be tested were: (1) to derive and snalyze
empirical demand functions for both hired and family lsbor for
the U.S. and nine geographic regions; (2) to derive and analyze
a suprly function for hired and family labor for the U.S.;

(3) to summarize and appraise the quantitative estimates of the
farm labor fofce; and (L) to offer predictions on the size of

the farm labor force in 1965 and 1975.
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- Among the several series of estimates of the farm labor
force, the series of the U.S.D.A. as contained in refersence
(128) was utilized in this research. Other farm employment
series were limited elither in the coverage of both hired and
family labor or in the time interval encompassed.

To estimate the demand functions, two methods were used:
(1) single equation least squares, and (2) Theil-Basmenn
simultaneous equations. A dynamic economic model taken with
a distributed iag was employed to describe the relationship
of the explanatory variables and the quantity of farm labor
demanded or supplised. Distributed lag equations have the
desirable property of presenting explanatory variables in
terms of a weighted series of past prices. Since the coeffi-
cients in distributed lsg ecuations ma& be bilased, a modifi-
cation was imposed on the model. A first-order autoregressive
scheme was assumed for the error term so that the regression
coefficlents would be statistically consistent estimators,

Demand fuhctions were derived for hired labor for the
period 1910-1957, and for the intervening periods 1920-1939,
1929-1957, and 1940-1957. The resulﬁs provided support for
the hypotheses tested, for both the farm wage rate and prices
recelved variables were significant. The demand for hired
labor appeared to be responsive to changes in both the price
of labor and agriculturasl product price. Furthermors, the
level of response of demand to & sustained price change was

higher in the war-postwar periocd than 1in the depreésion period.
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These results indicate thst hired farm labor demand response
is related to the period of the business cycle,

The demand functions for hired labor judged to be the
most efflcient estimators were the simultaneously estimated
autoregressive lsast-squares equations. The results of one
of these equations, 9 of Table 6, indicated that the short-
run price elasticity of demend was -.256 and inelastic. This
inelasticity indicates that as the price of hired labor has

risen 10 per cent, ceterisAparibus, there has been an accom-

panying decrease in the number of hired workers of 2.56 per
cent. The computed long-run elasticlity wes -.32. The
similarity of the short- asnd long-run elasticities is indica-
tilve of the relatively short time periocd of adjustment of the
demand for hired labor to a sustained price change.

The hired labor demend response to changes in prices
received was elso significant and inelastic. A decrease in
prices received of 10 per cent has been accompanied by a de=~
cline in the demand for hired workers of from 3 to 6 per cent
over the 1910-1957 time span, 3 per cent from 1920-1939, and
from 8 to 20 per cent over the periods 1929-1957 and 1940-

1957, ceteris paribus. There was little indication of any

change in‘levels of response over time in the regression
coefficients or cross-elasticities of the prices received
variable.

A demand function for hired labor that included the

value of farm machinery and equipment as 2 variable ylelded
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a positive sign for this variable. The cross-elasticity was
.133 in the shg;t;run, indicating that as the scale of
machinery inputs has increased there has been an accompanying
increase in the number of hired workers. These results
suggested a complementary relationship of the scele of opera-
tions in farming and the demand for hired workers. However,
more research on the significance and sign of this variable
is needed before definlite ponclusions can be reached,
The rate of adjustment in the demend fcr hired workers
in response to sustained changes in the farm wage rate and
prices received was estimsted to be low for the over-sll
period, 1910-1957. This result appesred to be inconsistent
with ths results of the intervening periods. Chenges in
structure may have occurred to such an extent that the long-run
estimates for the 1910-1957 period are bilased. The sdjustment
coefficients in the intervening periods appeared to be con-
sistent. These coefficients indicated that the rate of ad-
justment of producers to a sustained price or other variable
change has Incressed over time. This adjustment may be due
to an increase in the mobility of agricultural resources.
Regionally, the demand functions for hired labor followed
a pattern similer to the hired labor demand functions for the
total farm economy. The elasticity of the price of farm
lsbor for the significant regression coefficlents ranged from
-.15 to -.51. In four of the nine regions, New England, South

Atlantic, Mountsin, and Pacific, the regression coefficients
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of the farm wege rate are not significant. The s pecial farm
labor problems which exist in these regions could account
for the computed lack of demand response. However, sall
regional estimates of the farm wage rate coefficient con-
tained a negative sign, which is consistent with economic
ﬁmmv.)

The regilonal coefficienﬁs of the parity ratio, lagged one
year, were significant in only four of the nire regions.

Other than for the East North Central region, the non-signifi-
cant regions were the same as those listed sbove as non-signi=-
ficant in the wage rate variable. The range of cross-élasti-
cities of the significant regression coefficients of the
parity ratio was from .16 to .36. In genersl, the midwestern
and southcentral aregs were responsive both to changes in the
price of hired labor and the profitability of farming,.

Empirical demand functions were alsc derived for family
labor, both for the U.S. and by region, The speclification of
the models was the same as that used for hired lsbor, except
thet both conventional and distributed lag equations were
used, These results, however, may be biased due to auto-
correlation in the residuals.

Nationally, the results of the demand functions for
family labor indicated a significant response to changes in
the farm wage rate. As computed, the elasticities of the
farm wage rate ranged from -.1l} to -.21. The hypothesis that
the farm wage rate was indicative of the price of family labor
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appeared to be justified from these results.

For the over-all period, 1910-1657, for the U.S., the
coefficlent of the prices received variable for family labor
demand was non-significant. However, the corresponding
coefficlients for the intervening periods, 1920-1939 and 1940-
1957, were both significant. This seeming inconsistency
apparently results because the sign of the coefficient for
1920-1939 was negative while thet for 194,0-1957 was positive.
Along with a 10 per cent decrease in the profitabllity of

ferming for 1920-1939, ceteris paribus, there was an accom-

panying 1.1 per cent increase 1n the family labor force,

other things being equal., Due to the depression and a re-
sulting lack of off-farm opportunities, these results appeared
consistent., Likewlse, for 1940-1957, given a 10 per cent in-

crease in the index of prices received, ceteris paribus, there

was an Increase of 3 per cent in the demand for family workers.
In a period of relative prosperity and ample off-farm oppor-
tunities, these results were also conslstent. A better under-
standing of the effect of farm product prices can be obtained
by analyzing these perlods separstely. Hence, the demand
for family labor was responsive to both changes in the farm
wage rate and prices recelved.

The estimation of regional demand functions for family
lebor indicated a lack of responsiveness to the farm wage rate.
Genersl least squares and distributed lag equations were

equally unresponsive. The lack of significance of the farm
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wage rate indicated that the data for each region articulated
only small changes 1n the family labor force over time. Con-
sequently, a linear time trend could approximate the slow
changes over time.

Supply functions for both hired and family labor were
estimated for the period 1929-1957. Both supply functions
were estimated by the Theil-Basmenn technique of simultaneous
solution, and modified by an sutoregressive assumption. In
form, both models contained the farm wage rate and the non-
farm wage rate adjusted for changes in the rate of unemploy-
ment. The hypothesis was assumed that the farm wage rate was
not as lmportant a determinant of the supply of ferm labor
as were non-farm employment opportunities.

The signs of the regression coefficients were consistént
for the supply functionrfor hired labor. The farm wage rate
regression coefficient was non-significant. The non-farm
wage rate regression coefficient was greater in value then its
standard error, but was significent only at the 20-per cent
level. As the adjusted non=-farm wage’rate has increased by
10 per cent, the supply of hired labor apparently decreased

by .8 per cent, ceteris paribug. Although the non-farm wage

rate variable was more significant than the farm wage rate,
the significance levels were such that no definite conclusions
could be reached about the tested hypothesis.

In the supply function for family.labor, neither the farm

wage rate nor the non-farm wage rate coefficients wers
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significant. Further, in estimating the autoregressive least-
squares equation, the inverse matrix apparently deteriorated,
probably due to the lack of significance of the explansatory
variables and multicollinearity of the time and legged depen-
dent variable.

Demand functions for hired lsbor which included both the
farm wage rate and faram machinery prices were estimated.
Theoretically, the relationship of these prices should demon-:
strate substitutibility; empiricelly the factors appear as
complements., However, given the form in which the index of
machinery prices‘is presented, important marginal changes may
be difficult to perceive. Aggregation of all types of machin-
ery and trucks coupled with the lack of inclusion of adjust=-
ments for quality changes in machinery are deficiencies of
the series.

Predictions of the demand for farm labor based on the
empirically derived labor demand functions were presented for
the years 1958, 1959, and 1965. The estimate of total farm
employment for 196F ranged from 6.4 to 6.75 million farm
workers, To predict the size of the farm labor force for
1975, a naive growth model was presented. Comparisons were
made with other methods of long-run estimetion. For 1975
the man-hour requirements were estimated at 4O per cent of

the 1957~1958 average.
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APPENDIX A

A Comparison of Sources of Farm Employment Estimates

AMS-UOSGDQA. Series

l. Relates to a
particulsr week.
{Last full calendar
wesk of the monrth.,)

2. Uses the estab-
lishment method.
(Man may be counted
more than once.
This may emount to
one-fourth of s
million workers.)

3. Includes persons

of all ages.

. Includes anyone

who meets minimum work
requirements, regard-

less of work done
elsewhere.

5. Numerically the
highest of the
series.

. tions.

Census CPS Series

Hired Working Force

l. Relates to a
particular week.
(Week ending
nearest to the
15th of the month.

2. Uses the
household method.
(Can skip migra=
tory workers on
the road, foreign
workers, and in-
mates of institu-
tions.)

3. Includes only
persons over age
1. This may
miss from one=
half To one
million workers
seasonally.

he In addition

to minimum work
requirements, a
person must work
on farm more than
non-farm eccupa-
(May be a
cause of g differ-
ence of one=helf
to one million

persons seasonally.)

5. This series
should be numeri-
cally the lowest

of the three series.

1. Relates to the
whole month, (Sub-
Jject to memory
recall.)

2. Same as CPS.
Number of foreign
workers estimated
separately for
1956 and 1957.

3, Same as CPS.

4. Includes sany
farm work,.

5. This series
should be less than
the AMS series, but
greater than the
CPS, for it relates
to a full month
rather than to a
survey week. It



6. The AMS revised
the series in 1949
and 1950 back to
1931, Later they
revised estimates
from 1950 to 1957.

7+ The series ex=~
tends back to 1910,

168a

6. The Bureau of
the Census en-
larged its sampling
base from a 68-area
sample to a 230-
area semple. Again
in 1956 it was en-
larged to a 330-area
sample.

7. The series ex-
tends back to 1940.

may miss those
who, during thee
year, enterad
institutions,
died, or left the
country.

6. Same as CPS.

T. The series ex-
tends back to 1945.
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Table 10. Actual values for the variables used in the statistical analysi

Tear 5] T2 30K % %3 A, *3
1910 132.4 147.9 128 58 5k Sk 107
1 132.3 7.5 128 66 57 56 96
12 132. 148.6 128 65 59 56 98
13 132.5 149.L 128 63 59 56 101
1k 152.7 150.2 128 65 57 56 98
15 132.8 151.1 128 65 56 55 9k
16 133.1  152.6 128 59 55 - 53 103
17 132.5  150.8 128 50 56 50 120
18 130.8 6.1 127 3L 59 sl 119
19 129.4 13.2 126 60 58 59 110
1920 131.2  148.L 125 72 40 68 99
21 130.9  148.6 126 78 53 67 80
22 130.3 148.8 126 75 57 61 87
23 128.6  1Lh7.2 125 79 6l 71 89
2l 127.3  145.5 123 79 66 71 89
25 127.4 145.3 122 72 64 69 95
26 126.8  151.0 122 80 66 73 91
27 123.5 147.2 120 83 68 73 88
28 124.0 146.6 117 78 67 69 91
29 12L.7 148.9 117 78 68 69 113.6 92
1930 122.1  139.6 118 87 68 70 119.5 83
31 12Li.5 135.8 117 97 61 65 13L.6 67
32 125.2  126.6 121 96 53 55 151.3 S8
33 12y 125.4 125 81 L7 50 k.9 (S
34 123.;  125.2 12) 70 L6 L8 1309 175
35 12h.y  125.9 123 63 L9 L9 131.3 88
36 120.5 1304 12} 6l 53 53 132.8 g2
37 117.0 127.9 118 é9 59 55 133.3 93
38 113.5 122.8 11 83 60 59 141.7 78
39 110.8  119.3 111 86 61 59 10.9 77
1940 107.3 117.2 108 81 60 58 138.0 81
L1 104.2 116.0 1oL 80 69 67 129.8 93
L2 102,6  111.8 101 81 79 77 117.5 105
L3 102.0 106. 100 89 93 91 105. 113
Lk 99.8 9746 101 104 126 104 100.4 108
L5 97.7 92.7 100 111 112 11 96.9 109
L6 100.6 95.8 99 106 111 11 93.0 113
L7 101k 99.2 102 96 101 103 92.4 115
L8 101.2  102.3 102 97 100 98 98.5 110
Lo 97.3 98.5 101 108 99 99 108.9 110
1950 97.0  101.9 97 105 99 96 109.7 101
51 993.3 97.8 96 99 101 97 109.2 107
52 89.h, ©  93.8 92 110 105 101 109.3 100
53 86.6 91.4 88 127 107 110 110.7 92
Sk 8Ly  92.1 85 129 104 109 1101 &9
55 81.7 88.3 83 140 107 118 111.2 8l
56 76.4 8Lel 80 W7 110 119 113.5 82

57 Th.0 82.9 7h 148 110 119 115.}4 83




statistical analysis, 1910~1957

*3 A, 3 *6 2 X Xg %10 et

sh 107 93 90 28.3

56 96 85 83 29.3

56 98 86 88  30.0
56 101 88 90  29.3
56 98 86 86 31.3
55 oL 8L 86  3L.7
53 103 90 98  32.6

50 120 100 127 31.0
Sk 119 100 117 26.8
59 110 98 119 29.3

68 99 95 111 3L.7

7 80 85 69 18.9
61 87 89 80 22.5
71 89 90 By 29.5
71 89 90 82 26.3

69 95 95 89 31.3

73 91 82 83 3h.1

73 88 88 60 32.4

69 91 89 85 35.6 —_

69 113.6 92 89 86 L0.7 63.5 342 747 5728
70 119.5 83 81 72 3k.5 L2.0 8.7 The3 5793
8 136 67 67 51 23.8 15.0 15.9 77k 5728
55 151.3 S8 57 i1 140 0.0  23.6 4.0 5280
50 Uk &y 62 L5 12.2 0.0 209 71.3 5473
L3 130.9 75 69 55 24.8 0.0  21.7 69.3 3999
19 131.8 88 78 65  3hed 0.0 20.1 7he7 3891
53 132.8 92 82 67 L7.2 12,5 16.9 80,7 1,015
55 133.3 93 80 70 52.8 2.7 1.3 86.5 L4395
59 1d.7 78 71 55 269 L2 19.0 84.0 5793
59 140.9 77 65 s Lhl.S 12.8 17.2 91.5 4783
58 138.0 81 71 38 L9.1 25.8 1.6 95.6 1,895
67 129.8 93 8L 71 67.9 52.9 9.9 104.7 5105
77 117.5 105 95 86 60.1 86.7 Le7 113.3 5767
91 105.) 113 103 100 36.9 108.1 1.9 119.5 56l
ol 100. 108 100 100 63.6  113.7 1.2 121.0 5130
1 96.9 109 103 103 60.5  101.4 1.9 112.0 5351
1 93.0 113 107 11 47.3 80.3 3.9 59.8 5754
23 92.h 115 107 119 77.3 79.6 3.5 96.9 6129
78 98.5 110 101 105 103.5 83.7 3 100.9 7128
29 108.2 110 g2 81 118.5 753 5.5 103.9 8543
26 109.7 101 91 83 116.4 83.2 5.0 110.9 9880
77 109.2 107 97 90 111.2 9l hy 3.0 111.0 10899
)1 109.3 100 91 82 98.2 99.7 2.7 115.3 11449
L0 110.7 92 87 72 104.5 106.8 2.5 122.1 11923
)9 110.1 89 85 69 88.3 90.5 5.0 120.6 12297
18 111.2 8L 81 66 90.1  103.1 o0 128.9 12252
L9 113.5 82 81 62 77.6 107.2 3.8 132.3 12212
9 115.4 83 81 61 82.2 103.9 L3 132.4 11820
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Supplement to Appendix B

Total farm employment; index: 194 7-1949 = 100 (128).

Hired farm employment: index: 1947-1949 = 100 (128).
Family farm employment; index: 1947-1949 = 100 (128).
Deflated farm wage rate; index: 1947-1949 = 100.
X, = 1/2
1. PFarm wage rate (130, January 9, 1959),

2. Index of prices received by farmers (129, July
1959).

Deflated farm wage rate; index: 1947-1949 = 100.
x, = 1/3

3. Index of prices paid by farmers for living expenses
(124, p. 643 127, October 15, 1959).

Deflated fgrm wage rate; index: 1947-19L4L9 = 100. -
13 =1/

L. Index of prices paid by farmers for production
expenses (124, p. 643 127, October 15, 1959).

Deflated index of farm machinery prices; index: 1947-
1949 = 100.

x, = 5/3
S. Index of farm machinery prices (123, 1952, 1958).
The parity ratio.
xg = 2/6
6. 1Index of prices paid by farmers for production

expenses, interest, taxes, and wages (124, p. 6i;
127, October 15, 1959).

Deflated index of prices received by farmers

xg = 2/h
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Xq3 Deflated index of prices received by farmers
X9 = 2/5

xg: Deflated expenditures on farm machinery and equipment
xg = 7/3

7. Index of expenditures on farm machinery and
equipment (123, 1952, 1958).

Adjusted non-farm wage rate
19 = 8/3

8. NFWR (1 = 5 Un), where NFWR is the index of
average hourly earnings of factory workers
(129, July 1959) and Un is unemployment ss a
percentage of the total work force (122).

M
<.

X103 Unemployment as a percentage of the total work force
x10 = 9

9 Unemployment as & percentage of the total work
force (123, 1957).

Xy38 Deflaeted non~farm wage rate
Xj1 = 10/3

10. Index of the average hourly earnings of factory
workers (129, July 1959, p. 40). -

(1]

Deflated value of farm machinery and equipment

xyp = 11/}

11. A computed value of farm machinery, A starting
peint was taken for 1930 and deflated, For
succeeding years, net additions to farm equipment
are deflated and added to the previous year's
total (129, July 1959).
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Table 1ll. Actual values for the number of hired workers
variable used in the statistical analysis for
the nine regions, 1929-19572

Year NE MA SA ENC ESC WNC WSC MIN PAC
1929 99 230 572 410 3h7 579 619 255 289
30 101 238 525 386 321 521 558 24l 296
31 101 231 533 377 312 510 531 233 275
32 100 209 529 355 290 495 480 199 237
33 95 213 511 355 296 458 L8B4 207 246
3l 86 21 sy6 353 309 LOT7  L7h 202 271
35 85 21 Sh2 360 320 376 486 191 302
36 85 219 555 366 365 339 540 214 298
37 82 233 529 354 37 321 559 195 314
38 78 218 50 331 334 334 530 194 303
39 75 209 L9 328 315 307 513 189 295
1940 75 207 488 319 297 315 soh 183 291
L1 72 199 452 300 294 321 510 197 307
L2 68 197 438 278 277 310 489 150 308
43 68 188 L2 261 270 290 L43 187 305
L 67 175 37 228 242 264 394 172 311
L5 65 174, 358 214 216 241 375 164 312
16 63 185 373 222 227 265 39 159 316
47 63 183 400 220 230 290 391 166 324
L8 61 181 425 229 250 296 L09 165 321
149 60 181 L4oi 231 247 274 371 172 315
1950 71 185 L4L17 237 240 275 L23 151 330
51 75 177 407 236 221 257. 395 14 3
52 71 169 395 226 219 239 362 145 31
53 72 159 384 213 221 232 359 135 31%
Sl 72 150 380 215 228 360 3%0 132 30
55 69 137 382 206 209 216 374 135 299
56 69 128 367 196 198 201 336 132 297
57 66 123 365 192 183 204 332 136 294

8The regions are depicted in Figure lL; source: (130,
Oct. 9, 1953), (128)
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Table 12. Actual values for the family leabor force varisbie
used in the statisticel enalysis for the nins
regions, 1929-1957%

Year NE MA SA  ENC ESC WNC  WSC MTN  PAC

(Thousands of persons)

1929 171 459 1754 1264 1854 1566 1702 298 292
30 169 453 1786 1247 1817 1560 1678 304 293
31 175 h61 1830 1288 1890 1582 1803 311 302
32 176 461 191k 1329 1964 1646 1801 313 318
33 172 471 1863 1363 1930 1642 1769 326 338
3, 172 48y 1817 1361 1897 1638 1717 332 34T
35 169 L4192 1916 1390 1892 1667 1642 332 355
36 164 480 1831 1358 17h2 1594 1510 323 398 -
37 164 474 1786 1341 1697 1538 1386 308 360
38 161 47 1250 1354 1623 1519 1273 307 354
39 162 47 1705 1321 1548 1515 1223 301 360

1940 160 472 1622 1285 1483 1489 1158 291 340
41 156 453 1544 1258 1388 1468 1119 293 338

h2 16 sl 1560 1260 1360 1455 1064 292 340
43 16 457 1557 1250 1375 1490 1063 293 349
Ly 162 455 1566 1257 1352 1502 1046 294 354
L5 160 452 1522 1257 1329 1503 1022 282 354
46 156 455 1552 1295 1388 1565 1056 283 353
47 148 452 1560 1303 1369 1610 1031 284 358
48 140 L46 1505 1300 1371 1617 1013 273 361
49 130 433 1441 1241 1345 1535 977 263 347
1950 148 431 1395 1331 1192 150 98y 267 395

51 141 418 1331 1306 1108 14 962 256 340
52 136 }05 1267 1295 1022 1407 894 251 328
53 135 390 1197 1274 965 1384 862 249 319
sh 129 383 1156 1259 924 1350 828 242 317
55 118 365 1114 1218 882 131y 792 233 311
56 112 336 1012 1163 802 1231 708 231 304
57 106 321 980 1115 786 1194 668 218 294

8gource: (13¢, Oct. 9, 1953), (128)
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Actual values for the farm wage rate variable
used in the statistical anal

ysis for the nine
regions, 1929-19572 :

SA

Year NE MA ENC BSC WNC WSC MIN PAC
(Dollars x 102)

1929 106.0 91.8 514 79.1 L5.9 75.9 55.4 85 109,2
30 108,32 93.1 L49.1 7563 Uhe8 7T5.3 53,2 8he 113.4
31 108¢1 88ely L5e2 6768 3963 65.8 U[be2 7606 10,1
32 9809 7903 3901 5705 3303 5603 u10h 62°8 9290
33 B8he7 65¢5 361 L9.7 32.7 LTeli 3945 60,9 81,3
3  80.8 6249 36,9 L8.9 32,9 L5.9 39.9 62.9 82.8
35  8l.5 63.9 3843 55.0 3%.h 540 L2.,2 68.8 88.4
36 86.4 69.7 3943 62.9 36.3 59.9 L5e.2 The7 963
37  9ley T78.1 L4249 7244 39.0 65.7 L4B.6 80.0 108.6
38  94.6 B80.8 L3.9 T3.9 39.9 68.9 U4B8.9 82.8 109.8
39 99,6 B81le3 UB.7 75.2. 0.7 T70.1 U48.8 8Lhe3 109.8

1940 976 B8Le5 Lbe3 T6e5 Ule2 Tlolt L9e.3 83.5 112.7
41l 1107 976 5067 9061 L5.0 8heli 59.1 976 127.6
42 119.5 104e7 556 9842 5047 1015 68,7 116.2 158,8
43 13242 114e5 6543 10847 5945 12044 8242 135.1 192.4
Ll 140.7 122.6 75.2 1184l 6946 133.7 92.5 149.0 206,.1
45 141e6 127+2 B83.0 123.2 7243 14046 103,1 155.3 208,8
46 14l.1 12749 8546 121.8 73.6 135.1 98,9 146.0 197.8
L7 128.5 11842 78.1 113.1 67.8 123.3 91.5 136.7 170.6
48 12842 1175 777 1165 68.0 129,1 90.3 135.9 163.1
49 125¢4 117oly 78e2 117elh 6642 13044 9he3 13644 152.5

1950 121.9 116.0 7843 116.9 664l 127.8 92,2 135.8 155.6
51 126.l 119.1 80,9 121.8 69.1 120.0 94.5 132.3 155.5
52 132.1 12409 83,6 12746 T71.0 136.6 98.8 1hLe7 162.6
53 13746 129.4 8669 132,1 71.5 14C.3 9846 145.7 166.5
S 13649 12848 85,6 13046 694 137.8 97.3 lely 16L.9
S5 12,6 130.9 86.6 133.6 Tl.3 139.0 100.2 147.1 162.9
56 1504 13641 9007 137.0 The7 13848 102.3 147.7 172.6
57 150. 1376l 9048 13,6 7365 10,9 102.9 148.7 171.1

83ource (130,

Dec.

10, 1950, Jan. 11, 1951, Jan.
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Table 1L, Actual values for the parity ratio variable used

in the statisticasl analysis for the nine reglons,
1929-19578

Year NE MA SA ENC ESC WNC WSC MIN PAC

~{Per cent)

1929 99 89 91 99 92 99 Sk
30 99 Th 62 85 83 77 T2
31 81 57 65 65 67 58 62
32 71 53 £3 61 52 50 58
33 75 65 56 69 53 62 73
3i 83 78 63 81 65 76 12
35 82 81 87 91 95 8y 85
36 91 82 o 109 96 83 9
37 88 81 99 87 102 81 9
38 79 T1 85 76 8L 68 78
39 82 70 80 75 78 72 92

1940 30 73 78 80 79 7 91
41 97 85 96 90 97 92 106
L2 103 101 108 103 110 103 109
43 116 108 110 111 111 106 105
Ll 119 105 102 106 101 101 101
45 122 104 104 108 102 100 104
146 125 113 111 11 112 111 107
L7 109 112 124 113 128 116 122
L8 112 105 117 109 123 113 122
L9 99 100 98 100 102 104 108

1950 93 103 99 102 105 112 127
51 97 105 106 109 11 122 134
52 98 97 97 105 101 109 110
53 87 95 95 98 98 ol 87
Sk 80 93 92 92 95 90 89
55 80 90 78 89 81 &8 83
56 81 87 78 85 79 85 85

1957 82 83 78 8l 81 85 91

8Source: MA (124), {(57), SA (12h) (41), (56), ENC
(124), (23), (55), ESC (12i) é), WNC (124), (99),
Wwsc (12h). (59), MTN (12h), (lhl
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Table 15. Actual numbers for the value of farm machinery
and equipment used in the statlistical analysis
for the West North Central region, 1929-1957%

Year WNC

(Millions of dollars)

1929 1,63
30 1,85
31 2,05
32 2,18
33 1.79
3L 1.40
35 1.40
36 1l.45
37  1.52
38 1.79
39 1.87

1940 1.75
41  1.73
L2 1.84
43 2.01
L 2,07
45 2433
te 1.72

7 1.
IR
J9 2455

1950 3.02
51 3.17
52 365
53  3.77
Sh 3.88
55  3.89
56  3.97
57 3.98

aSource=(129, July 1959)
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APPENDIX C

Demaend and Supply Functions for the Period 1910-1957 Which
Were Not Included in the Text of the Thesis

Demand functions1

(1) Yy = 2.7014 - 40870 Xop = o657 X +  ol77h Xy50 4

(034) (,058) 18=1  (,018)
R® = .89
(2)% Yy, = 40466 + 1,028 ¥qy 7 = 0102 X, © = ,00038 Xpy_,©
15 = (032) 1871 7 (0093) Tt T (l0086) -°7t
RZ = 499
(3) Yy = 16701 = (.ggg? X3g-1 = (.ggg} Xggo1 = (:gggg Xq
+ 00275 X).Lt-lc R2 = .98
(4) Yoo = 43¢l =  olllb Xqp = 0232 X74% = 4005 X),.°
W) Ysy T W (2438 138 T A Y T (Logo) v
R2=080
%* -
0 T ST e o - 08 -
+ 40098 %) ;° R® = .98
1

The significance levels of the regression coefficients
are significant at the 5 per cent level or bstter unless
marked with a lower-case letter a, b or ¢ which indicates:

aSigniﬁ.cance at the 10 pr cent level
bsignificance at the 20 per cent level
Csignificance beyond the 20 per cent level

*The equations marked with the asterisk iandicate that the
data 1s 1n logarithms
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(6)F Yor = 30011 = 42060 X0y = 40257 X, = 43108 X
(2032) 7" 7 (Jo36) Tt T(lats)

R2 = 987

Supply functions

b

(1) Tpg = W57+ 0000 Fop- = WBS Xy - 2206 Xopy
- (:8%§§ Xgt RZ = ,986

(O ¥yo = 15T v Tl Xsvo1 = (21355 Kpe - 476 Ko
- (:8%2? Xg® R® = .88

0 TS S e+ (T - 2
e A

(10)% Yop = #0842 - (:8216;()) X7tc + (:8%? Xpy® + (:ggﬁ? Yoi.g
R® = .98

Y,: total farm employment (128)

Y,5: hired farm employment (128)

Y3: femily farm employment (128)

Yh: man~-hour requirements in agriculture (133)

Y5: the ratio of the farm wage bill to the farm wage rate (129,
July 1959)

Xy: the composite farm wage rate deflated by the index of
prices paid by farmers for living éxpenses (130, Jan. 9,
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19595 12k4; 127, Oct. 15, 1959)

the composite wage rste deflated by the index of non-farm
wage rates (average hourly wages of factory workers)
(130, Jan. 9, 1959; 129, July 1959)

the composite farm wage rate deflated by the index of
prices received by farmers (130, Jan. 9, 1959; 129,

July 1959) |

the composite farm wage rate deflated by the index of
farm machinery prices (130, Jan. 9, 1959; 123, 1952,
1958)

net farm income per farm deflated by the index of prices
paid by farmers for living expenses (129, July 1959)
farm expenditures on farm machinery and equipment
deflated by the index of prices paid by farmers for
living expenses (123, 1952, 1958)

time as a linear trend in the linear equations; the log
of time in the logarithmic equations

the square of time as a variable (in linear equations
only)

non-farm net income, source: Grahsm, Robert E, and
Schwertz, Charles F., Personal Income by States Since
1929, U.S. Government Printing Office, Washington, D.C.,
1956 |

the ratio of the index of prices received by farmers to
the index of farm machinery prices (129, July 1959;

123, 1952, 1958)
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APPENDIX D

Estimation of Simultaneous Systems Containing

Autocorrelated Errors”

Fuller (30) demonstrates that autoregressive 1aastv
squares can be solved in a simultaneous system. Using
matrix notation, he starts from an initial specification
of a simltaneous system:

Byg =[ 24 + ug

g =Bugy * ey
where: yi 1s the column vector of m endogenous variables

B 1s an mxm matrix of coefficients

' 1s an mxk matrix of coefficients

is a column vector of K exogenous variables
ug 1s a column vector of disturbances

2 1s & diagonal (A1s B25440, 3m) of sutocorrelation
coefficients ’

e 1s a column vector of disturbances assumed to be
distributed independently of time with zero
means and varlance covariance matrix comstant.

He then gives the reduced form of the system asa:

Ty = B‘lfzt + B"lut

#The content of this Appendix is taken almost literally
from Fuller (30).
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which may be written as:
yt = Azt + Vo
Substituting for U from the initial equation asbove, he
derives:
Vg = B-'l[' 2z + B-'l{ﬂut_l + Qt}
B"l zt 4 B"]. tﬁ(Byt_l - zt-l) + et}
= B~1f zy + B~1 B Byy.y - B‘lﬂ 2521 + B"']-et

The reduced form may then be written as:

Vi = B-lzt +f3 eI éyt-l - B'lzt_l} + B‘let
under the éssumption.that the aufocorrelatien coefficient
is identical and edual tok?c in all the equations, i.e.,
ﬂ=,6;1. Equation fourtk from the top of this page 1is
essentially:

Ty = Az + v,
where:

vt =fcIva * €
He concludes, then, that the errors in each of the reduced
form equations follows the same autoregressive scheme as in

the original system,



