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Introduction

3Eoonomics‘like othef»qcademic disciplines_is'sobjeof‘to fads and fashions
‘in terms of'problems chosen>for and methods of énalysié."Thus it is interest-
ingvto note that the‘theorv of facéoraly(or functiOnalj income diéﬁribution |
'has always been of concern to economnists but has never been popular among them
-The continolno interest in.the explanation of factors share may nartially be
» accounted for by its lmportance in determining the eauilibrium level income
vand the rate of capital accumulation through the propensity to save which seems
to be higher for capital owners than for. wage and salary earners, In addition,
vvufor etonomists thinking in marxiao terms, the division of'output'botWeen 1abor;v»
:aﬁdvcapital is of vital importance ogcauso it determines the degfée of labor
gxploitatiOn aod_the resulting intensity of ﬁhe closs stiuggle.. |

Among agriculturial eoonomists, ;raditionally preoccup‘iediby prob'lexné
of efficiency.at varioué levels of the produotion‘process, questions of
f personal or factoral income distribution have beép_voty unpopular gnd little
‘ time has been devoted to their study. In fact,»during fhe oost-war pefiod
"ughe;g are only two published stuoies [8; 9]»doaliﬁg with relative sﬁafes'in
égriculture that doservé ﬁentiooing; The obvious need fof reseafoh in this
,atéa‘will pafﬁially be oatisfiéd, we.hooe,vby.the-present oaper hhich contaios.
.an examioationvof thevrélative share of labof in the American agriéultute-

at the fegional level.
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In particular, our objective is (a) to estimate the relative,share of

‘labor in égriculture and describe its behavior for ten U.S. regions for the

>period 1950-1970, and (b) to analyze the sources of change in the relative

share for the same period. In the next section we present in a sketchy
manner the relevant theory which will supply us withxestimable equations
necessary for the estimation of various key parameters. Then we proceed to

the estimation of these parameters which subsequently are used to explain the

' changes in labor's relative share. We conclude the paper with a discussion

of the implications of our findings.

Changes'in'Labbr's Relative Share
In this section we demonstfate the proposition that changes in’the
relatiyé share of a fac;or bf production, laﬁor in our case;‘depend on chénges-
in ;he relative sﬁpply Lf factors, i.e;, capiﬁal—labor ratio, the élasticity
of substitution of capitai for labor, and the type 6f techniéal progress [7,‘
ch., éi.], J |

The production function, In its generic form the production function is

W;equal to its marginal product; that is, F

‘given by\

Q=F (C, L; t) | o R R A ¢ D
where F is homogeneous of degree one. The marginal product of each factor is
c >0, FL >0, FCC < 0 and FLL <0.

The factor and product‘markets are assumed to be perfectly competitive, and

positive but decreasing, that is, F
therefore the payment to each factor for its contribution to production is
c= Y and FL = w, where r = return
to capital and w = wage rate.

The‘purpose'of introducing time (t) in the production function is to;wi

allow for technical change. The way t enters the production‘function is .

” speéified later in this section,
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Technical change., We are interested in two QSpectn of technical change,

namely, bias and'rate.v,In the Hicksian sense, Bias is defined es the "

proportional change in the ratio of marginal products of capital and labor,

cthat is, ' - o » . o ‘.,: Sy
: . , :
C
o[zl
- PR
| ot F

", 'which efter some manipulations can be written as

S c . L, S
BE G PR Gy R

f It is easily seen from (2) or (3) that when the ratio of marginal products

does not change over time the bias is zero. (neutral technical change).
' Fo increases faster than Fl»
'using (labor—saving). In the opposite case:B is negative and technical

change is capitalfsaving (labor-using). o o o iR

@
(3)

B is pcsitive and technical'change is capital-

'The rate of technical change, defined as R =-§E +* F, can be written for o

ot
.homogeneous production function of degree one as o . fﬂ.:
| ?FC »nC Lo BFL .
R = 2t dt_

vwhich shows that in principle the type of technical change (B- 0) does

‘not affect its rate. Defining the relative share of capital and 1abor as

. C s Fc : L FL ,
,SC = ““ir~—-,and SL = -i;-~= l- Sc respectively, end multiplying theA
first and second terms of the numerator of expression (4) by irjand fr;

o o o R L

‘respectively, we can express the rate of‘technical'change'in terms of labor's

- relative share as below,

""(4)
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R= (1= 8)—= 45 —\ | o
Changes in labor's relative share. By'definition the relative share of
labor is given by SL == and according to our assumptions SL = "
Taking the total time derivative of 8, results in R R
B ; R o TR _
¢ _Lw %L QL . w S ' ‘
S, =T+ — s o . | ] (6)
, - Q | ‘ ‘ , :
and by dividing both sides of (6) by 8, ve 6btain" | .
L Lo, W ‘é. I
ez XX . e (N
It is shown [4, 224-227] that the rate of change of the marginal product of % 
labor can be written as e o o ' :
- B 1-s s .
_— 7 R=- (1 SL) B +-e—?;——f (k) s (8)
»where o= elasticity~6f substitution and k = capital-labor ratio, and the
rate of growth of output AR o
E Wy kL

I )
By ouf assumptions we are allowed to substitute (8) and 9) into (7) andbwe
can thus express the rate of change”iﬁ»the relative share of labor by‘équati§n
 0) below, '
L \ 0 =-1
g:-é (1 - SL),‘B + ( 5 ) :

o)
It isiseen from equation (10) thét the rate ofvchange ip‘theArelative

“share ofllabdr depends on the bias of technical change, on the size of the
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velasticity of subStitution, and on the rate of change of the capital-labor
ratio. This result is equivalent to the opening statemént of this section,

" The relative share of laborlwill decline, for example, when B> O o>1

and §f> 0. If =1, S will decline only when technical progress is labor—

' savine (B > O). It follows that constancy of relative shares does not require

" a unitary elasticity of substitution which seems to have been the traditional

view reflected in the frequent usevof Cobb-Douglas production functions. .

Factor augmentation in a CES production function. It is necessary for the

‘a declining rate of factor augmentation with time since-% = — and-g = —,

:;?and consequently

estimation of the parameterS»of interest to specify the form of the produc4

“ation function and the type of technical progress. We adopt a constant

elastic1ty of substitution production function where technical progress takes

“the form of increasing the product1v1ty of inputs [1] which is

| -1
o - Yy Al P . o R R
Q=| (@t o °+.<sot_LL) P S an

Yo Y

‘where p = leiijz,'and ot ¢ and Bot L are the effieiency variables augment-

b"v ing capital and labor respectively with YC; YL > 0. This speciflcation implies

t '

ZWith this production'funetion the bias of technical progress is expreSsed‘hy

"L g -1
g a-s) G50

- ( 13)
L,v CEL

-k— - (YL -" Y




Estimation of o ande(YL - YC)f - There are several equivalent waye one can

estimate the parameters in question. We proceed by taking the marginal

product of labor of equation (11) which is

3Q (Q)1+° (8, ey P, e - as

L

_‘Since by assumption gQ = w we divide both sides of (14) by w and manipulate

‘the result to obtain

. Y _ : ‘ : : .
S, = wl™® (8,t L)v o1, IEEDE T (1.5) '

Similarly, from the marginal product of capital we achieve -
R CE - e (16)

'SC =7 dbt .,

It may appear that it is possible to obtain estimates of o, YL and Yo hy

means:of equations (iS) and (16), However, a moment's reflection wiil show
that.this is impossible. First, the'twe equations-are:not independent since
by definition their sum is equal to unity, Second the elasticity of o
substitution of capital for labor is the same as the elasticity of" substitution
of labor for capital, and therefore 0 must be the same'for both equatlons.

It follows that equations (15) and (16) cannot be estimated.independently:l/

: Fef the examination of the sources of change in the relative share of |
labor it is sufficient to have estimates of the difference of the efficiency
variables, that is (YL - YC), even if the individual Y's are not known. To

this effect, we have combined the two equations by dividing (15) by (16)

~which yields

S B o=-1 1-0 &y =¥ (6-1) , - R
- = _.9.)A & ot L C. o 7 B o aa”n
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~tion into the causes of its changes.,'

and in logarithmsf

e g . ._ , | ,
In (§£) = (0-1) 1n (a?) 4+ (1-0) 1n (¥9-+ (YL =Y (o-1) 1nt. - - (18)
C : o : : , . -

| Comments., Basic to the development of this section are the assumptions of

(l) cons stant returns to scale and (2) equality between marginal product of
inputs and their remuneration. Since-these two assumptions have often been
questioned a brief discussion may be in order.\ With respect to the first

assumption it has been argued [3] that the notion of returns to scale has

a well defined meaning when the technology of production is held constant

’ and the nature of the inputs does not change, since in our examination of

"the changes of labor s relative share we are considering both types of

change over time. We must caution that the degree of homogeneity should

not be interpreted as measurlng the scale of operatlon. Therefore the

criticism of restrictlng the production function to constant returns to scale

is nqt applicable.‘

The assumptions Of w = gg and r = %%—may/not be totally satisfactory,
but the& are not totally unsatisfactorv either, particularly for the agricul-

tural sector._ Even if W o= ——-# 0 but - the difference w - %%-is approximately

the same in direction and amount throughout the period under examination,

our results should not be seriously disturbed because although the share

' of labor (capital) will be, let us sav, underestimated (overestﬁnated)

2/

their rates of change will remain unaffected.

‘t Labor's Relative Share in American Agriculture: 195041970

It is useful to consider the behavior of labor's relative share;‘

briefly at least, before we present the empirical‘results of our investiga—

~




i

of the definitional formula, that is, S, =

-8

3/

The rélative_share of labor is estimated for ten regions— on the‘bagis
| we L '
L . Q

each repgion was measured by the weighted average of the composite wage rates

. - The wage rate (w) for

per Hour of the states included in that region. The levels of agricultural

employment served as weights. The‘reievant data are repbrted in [11], The
labor input was measured by the number of man-hours of labor used for

fafmwork which includes hired workers as well as farmers and unpaid family

- workers. With this definition of labor input,restimating the wage bill by
" weL implies that farmers and unpaid family workers are assumed to receive

" the market‘wagelrafe. Regional estimates of labor input are reported in

[12]. Agricultural'income (Q) for each region is measured by the value

added (VA) of agricultural production which is estimated by VA = (cash recéipcs

. from farm marketings + government payments + value of home consumption +

rental value of farm dwellinés + net change\in farm inventories) - (farm
operating expeﬂées - expenses for hired laﬁof) —vtaxes on farm property.

The data for the estimation of value added are availabie in [13]. 'The
time series used have been deflated by the indéx of-prices paid bymfarmer.
(1957-59=100) whéﬂ it représents expenses, and by the index of prices |
received~by‘farmers (1957—59=160) whén it represents revenues.

The estimated relative share of labor for each region-for tﬁe period
1950-1§70, iﬁé mean and standard deviation aré presented in Table 1, The
striking characteristic, common to all regions, is the rapid decLiﬁé of the
relative share, which in 1970 is reduced to half (the) size of 1950. Séme

regions seem to héve reached a plateau in the last four years, and in the

7appendix to this paper we pay attention to this aspect.

,,,,,



TABLE 1

Regional Estimates of Agricultural Labor's Relative Share,
: Mean and. Standard Deviation: 1950-1970 '

Relative Share .of Labor

Lake '~ Northern

© Delta

;0896

.12 .0865 .1169 - .1026 - .1054

.0813

‘ Southern .
Year | Northeast States Corn Belt Plains Appalachian Southeast States Plains Mountain Pacific
1950 .558 .618 - .411 . .453 - 599 : .521 .576 . 541 .468 571
1 i .5569 .586 - .428 486 - T .605 .522 .633 .592 .438 © .582
2 ".525 .585 . .420 .500 , .624 " .540 - «592 .597 443 559
'3 .505 .586 = .428 . .533 - J573 . .460 ~ .555 .610 448 494
4 +530 .580 .361 o .428 n 542 o .504 T .545 .546 472 . 430
5 .503 "~ .595 414 543 . .496 - .380 430 .533 457 448
.6 481 .530 .380 - .481 W 477 . W414 493 546 424 442
7 481 .536 .350 376 . .502 S .372 476 J446 J377 JAb4
8 431 471 0 0332 .310 421 .320 428 .368 .358 468
9 L4411 L4750 0 363 ©W.361 0 445 .306 .355 .372 2349 415
1960 | .399 +445 © 339 S .297 405 ' .312 . 370 .351 .369 .419
1 398 403 .303 0 .319 . . 365 279 .316 .309 . 345 422
2 CW425 - .416 0 L.259 . «255 T .362 C 0 .282 . 304 314 ce307 400
-3 2390 - .368 - .250 S .269 0 .368 251 .262 ".316 w312 .394
4 .356 - .386 - .259 .283 - 344 ' .239 .250 .309 .320 .358
5 | .325 0 ..324 .198 - - .217 .331 240 .263 .272 - .275 .358
6 | .326 4300 - .200 @ .210 S .346 - - 0,251 .232 .251 279 .368
7. 317 0313 .206 0 L2260 .333 .263 .236 274 272  «355
8 . 324 .308 ©L.210 4233 . .359 . 265 246 274 267 <353
9 .291 - .28  .207 @ .202 - L334 .259 .261 .273 230 347
1970 C .287 <269 .208 .230 .337 2276 245 243 .217 .352
- "Mean 421 - Jh447 .311 Cu343 0 437 .. .346 ~ .384 .397 . 354 4430
. §.D. ©..1378 1320

0742

LS
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Table 2, where we report the xegults of repressing S,

=2}

‘The behavior of labor's xelative share .per time is also described in
L, on t (time) and tz.
For each region we report the regression that better describes the trend of

the relative share,

:EmpiripalAResults

¢

We pow turn to the estimation of the wariables that will allow us to

.explain the changes in the proportion of income allocated to labor. The

yariables to be estimated are: the rate of change of labor's relative

.

S

s

-share (ﬁéb and capital=labor ratio (%9, the elasticity of substitution (o),

+ 1.'

and the difference of the efficiency of imputs indices (y - YC)- Before

_we present our estimates we briefly discuss the statistical data on which the

-Data, For the estimation of the relevant variables and parameters we

._need data oni (1) wage rates, (2) labor imput, (3) value added, (4) capital

_daput, and 45).é92§§@§§ rates. We have alyeady described the available data

£or the measurement of wage rates, labor imput and value added The capital

put -consists of the following items: depreeiation and other consumption

.ef farm eapital, expenses for repairs and eperation of capital items,

S A RN

interest on farm mortgage debt, and expenses for feed, livestock, seed and '

--fertiligers, The resulting geries of capital output is deflated by the index
of priees paid by farmers flgé?:ig%%Qelg The statistical series of the items
included in the estimate of capital imput are available in [13]). Finally,
—=the rate af return %amE@aigal is measured by the interest rate of the
Produetion €redit Association which in addition to pure interst rate it

: 1ncludes various cests asseckated with the leam transactions. The Produc-

~a

‘tﬁi@n Eredit Asseclatien inkexest E@&e ic available for eleven regions which
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TABLE 2

level of significance.

Results of Regressions of SL on t and tzé All Regidns 1950-1970
. Constant ) 2 : L
Region term ot ot R®  d.f. D-W
- * N
1. Northeast 5779 -.0142 .97 19 1.97
(.016) (.0006) : '
' ' : (.0227) (.0008) N
S (.0252) (.0009) x .
4., Northern Plains |  .533 -.0172 .83 19  1.39
' - (.0485) (.0017) . ‘ C
' R * % o
5. Appalachian .6767 -.0336 .00082 95 18  1.79
- (.0225) (.0034)  (.00015) )
. ’ ' ok * -
6. Southeast .6102 -.0405  .0011 .94 18 2.18
: : - (.0268) (.0041)  (.00017) ' '
~ 7. Delta States 16865 -.039% - L0008 .94 18  1.62
S (.0337) (.0051)  (.0002) R :
8. Southern Plains .6713 -.0343" .0006 .90 18 83
' (.0421) (.0060)  (.0002). R
- . ) i % H e . ,
9. Mountain .4936 -.0127 94 19 1.10
. ' a * K
10. Pacific .5983 -.0228 .00053 .94 18 ' 1.43
| ~ NOTE: One asterisk indicates significant coefficient at the 5 percent
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we were unable to identify with the regions for which the other data are

~available. Thus we have used the same seriles, a weighted average‘of‘all

regions, for all of our ten regions.  This is equivalent to assuming that

the rate of retorn to capital is the same iﬁ‘all'regions. A feeling of-

‘uneasinessiresulting from this-assumption forced upon us by data Iimitations'

:.is reduced by the fact that the available data indicate that interest rates

are changing at apnroximately the same rate across regions. The data on

interest rate which are available in [14] were deﬁlated by the index of

prices paid by farmers.

-

Estimates of §£-and %u The estimated annual rates of change of labor's
S L . )

‘relative share (§£§ and oapital—labor ratio (%) were obtained direetly from .

L
the available data. In Table 3 we present for each region the average '

'annual rate of change of S and k, and their standard errors. It may be seen .

-

' that the regional differences in both rates are not substantlal. The relatiVe,

share of labor ‘declines on the average at 2.3 to 3.9 percent per year while 1

the capital- 1abor ratio increases at 4.3 to 9. l percent per year, These
estimates will be used later in the paper in connection wrth equation (13).

Estimates of 0 and (YL ‘YC)‘ Regional estimates of the elast101ty of |

substitution and»the difference of the efficiency of inputs indices were
ootained from_the estimation of equation (18a) below,

ln C—~) = bo + b,
' C t,i

, In ()  tbylaetu o (18a)

2

for t = 1950, 4 . 4, 1970 and £ = 1, . . ,, 10 and where
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TABLE 3

Annual Average Rates of Change
. c -
of SL and I,Aby Region,
1950-1970 =
, FE .
‘Region EL %
o , 8
1. Northeast -.031 .048
e (.012) (.007)
2, Lake States -.039 .061
- s (.014) (.005)
3. Corn Belt -.029 .062
4. Northern ~-.023 : .062
Plains - (.010) " (.004)
5. Appalachian -.026 = = -,067
: ‘ (.014)  (.007)
(.020) © (.011)
~ 7. Delta States -.037 .091
' b - (.022) - (.012)
8. Southern -.036 .071 -
Plains (.018) (.013)
9. Mountain  -,035 066
A (. 014) - (.015)
~10. Pacific -.023 - .043
o ‘ (.011) (.011)

"NOTE: The standard erfors_are in parentheses. 
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0 ' = £ - - ’ ~ 2
bO = (Q—l)_'(%-). bl = l—o,vbz (YL_ yC). (q‘ 1) {and, u, .. NID (0, ou).‘

The assumed distfibutionlof the error term.(ut) inplics that the right-hand

 gide of equation (18)/15 multiplied by e" which follows a‘lognormal distri~

-are the estimates of b

1.

bution, If Q and gz

1 and b,, respectively,’estimates

of 0 and (YL - YC) can be obtained from.g - l - 51 and (YL - YC) = —gu
L 1

The‘variances of these estimates are obtained by var(G)la var(g )'and

~

: % YA U R B YO 5 b,
. var (‘YL - YC) ={'—— Jvar (b2) + > var(b ) +( )
o b7 b7 | -, “bl)“

i

.cov(gi, ﬁz).'

Tnevresults of applying direct least squares to the data of,eacn of,theften
* regions are presented in Table 4, The expected value:of'the estimated
elasticityvof-substituticn is positive‘and’significantly different ftom‘zero '
in all ten regions. 'However, the critical value‘of g_in our egntext ;s‘nnity,v
‘and although its expected value is greater.than onerin'all reéions, it is
significantly so in six. The expected value of the estunated (YL YC) is
v negative in all regions indicating that the eff:ciency of capital rises faster
than that of labor. There exists a difficulty in testing the significance of
i(Y‘/N\?C). The difficulty arises from the fact that the distribution of |

fl(yi//\}c), which is the ratio of two variables each following a t-distribution, |

is not known. Given this difficulty, we shall use all estﬁnates of.(yL - yC) |

."'in the subsequent analysxs but with a decreasing degree of confidence in the

“results as the standard error of the estimate increaqes.

L ' S , - v
- Sonrces of change in,ELu We know from equationv(13) that the rate of "

_change in the relative share»ofvlabor‘depends on the elasticity of substitution :
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TABLE 4

‘ Regression Results of Equation (18a): Ten Regions, 1950-1970

. . . [s) . . v "‘2 — . . -
Region (o-1) 1n (ao)  1—0 - (o-1) (YL YC) R™ - d.f. : D-W o LY
1. Northeast . -3.226 1,641 -.1527 .86 18  1.19 2.641° -,093
o | C(.563)  (.097) , (.563)  (.069)
v , * ok s % L
2. Lake States -4.003 ~2.172 -.2s61™ .85 18 .95 3.172° -.118
| o (.703) (.107) D (.703)  (.18)
3. Corn Belt  -4.146 -1.813%  -.1637 80 18 1.32  2.813° -.090
R (585 (.101D) ST (s8s)  (L119)
4. Northern  -2.763 -1.481 -.3808" 70 18 1.22 2.481  -.271
Plains C (98 (.1296) (.985)  (.254)
5. Appalachian =-.412 = -.437  -.4005 .88 18 1.09 1.437  -.916
A G o) | (.347)  (1.885)
6. Southeast \167 -.099 -.4982" .84 18  1.06 1.099 -5.05
(3D (.093) T (2347) (18.46)
o - o *% % N T
7. Delta States -1.350 -.801 -.4881 .86 18 .99 1.801"  -.609
T - (.383) (.106) o T (.383)  (.467)
8. Southern ~-1.953 -1.149 -.4153° .79 18 .91 2,149  -.361
" " Plains T (.695) (.135) | T (.695)  (.325)
9. Mountain  -3.464  -1.643°  -.1798 .80 18 .63 2.643°  -.109
_ T (.628) (.091) o 628) - (.090)
o | L xx P SR e
10. Pacific ~ -.845  =.679 -.2685° .94 18 1,91 1.679" -.39%
| o (.296)  (.044) ST (296)  (.398)

Note: Standard errors are shown in parentheses. One and two asterisks indicate

significance at one and five percent levels, respectively.
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the rate of change in the capital—laﬁor ratio and,the'difference in the =

o efficiency of inputs; We‘have gathered information on all three variables

which now can be used to explain the decline in the pronortion of agricul—

tural income allocated to labor. The necessary 1nformation for obtaining

gk-from'equation>(l3)'are given in Table 5 (columns 2-5). To obtain the
L ‘ ' ’

.values of (l - SL) we have used the mean values of SL which is given in |

Table 1; The values of Eél are derived from Table 4 which gives estimates

of 0. The estimates of & are taken from Table 3. Finally the estimates of

k

'(YLi- yc)tnl»were obtained by using the values of (YL - YC) from Table 4'

‘and'taking the mean velue.of‘t (t = 11).  By means of equation (13) we

S

have obtained estimates of gL-which are presented in column (6) of Table 5.
L

It may be noted that the regional estimates of the average annual rate
of decline in labor's relative.share obtalned‘from equation (13) are very
close to the estimates of Table 3 obtained difectly fron the availnble
statistical data. | o | | o

v 'We_postnone the discussion of thelreeults to presentithenregional

estimates of the bias of technical progress.

" Estimates of bias of technical progress. We have shown earlier that

. the bias of technical progress is,given by
B G e S P
Thus regional estimates of the bias can easily be obtained from Table 5 by |

: multiplying the product of columns (3) and (5) by minus one. The estimated

‘bias is given in column (7) of Table.S. It is seen that the estﬁnates of

B are positive in all regions indicatinp that the marginal product of capital

haq increased relative to that of labot as a result of technical chanpe.



Average Values of the Variables in Equation (13)

TABLE 5

o-1 K -t i
' Region -8, == . O =Y s, B
1) 2) (3 (%) (5) (6) 7N
1. Northeast .579 .621 .048  -.0084 -.0202  .005
2. Lake States .553 .685 .06l  ~.0107 = =.0271  .0073
3. Corn Belt .689 .645 .062  -.0081 -.0311  .0052
4. Northern .657 .597 .062  -.0246 -.0339 .0146
Plains
5. Appalachian .563 " .304  .067 -.0832 -.0256 .0252
6. Southeast  .654 .090 .075  =.4590 -.0313  .0413
7. Delta 616 445 .091  -.0553 -.0401  .0246
States
8. Southern  .603 .535 .071  -.0328 -.0334 .0175
Plains ™ -
9. Mountain .646 .622 066  -.0099 . -.0304 .0061
10. Pacific .570 T.043  -.0358 -.0181
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Interpretation of the results, We have already indicated that there are

several combinations of values of the relevant parameters ﬁhatvmay cause the
relative éhare of labor to decline. The results obtained from our empirical
investigation sﬁecify the combipation of forces that has. led to the decline
of labor's relative share in agriculture. We have found a capiﬁal—using
technicai progress (positive B)‘in all regions, positive rates of growth
in the capital-labor ratio and elasticities of substitution that exceed
unity. It is apparent from equation (10) [or equation (13)] that the result
. éL ~ | ' ' “
is negative §—-and, therefore, a decline in SL'

Equivalently, our empirical resglts may be interpreted_as follows:
With given factor prices, teéhnical progress ﬁhat increases reiatively thel
marginal product of capital provides producers with an incentive to
substitute capital for labor. As a result the marginal product of labor
woulg increase, and under perfectly competitive conditions in the labor
market the wage rate would also increase. Although this may have a
positive effect on the share of labor, with an elasticity of substitution
greater than unity the relative share 6f labﬁr would decrease. .

Since capiéal-using technical change is equivalent to a relative
increase in the supply of labor two additional comments may be in order.
First, given the limited capacity of the economy to abﬁorb agricultural
products, capital-using technical change would tend to decrease, in
absolute terms, the level of employment, thus creating a dumpening effect
on ;he level of wages which in turn would tend to reduce the rate of
capital substitution. Secopd, simultaneously with the introduction of
capital-using technology which has served as a device to keep labor in
abundant supplies, the massive movement of agricultural labor to the non-

agricultural sector generated by increasing wage differentials has shifted

.

S
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_the supply of labor curve to thé left thus creating a positive effect on
wages. The available data show that the net effect of these changes has
Seen an‘increasing wage rate but a decreasing relative share of labor.
Comments: It is interesting to observe that our estimates reveal close
similarities between the regions. For example, the average annual rates
of change of the relative share of labor and the capital labor rates tend
to cluster around -.03 and .06, respectively. In addition, the eiasticity
of substitution is found to be around 2 and many of the regional estimates
are statisticall&,equal. Thebexamination of these similarities is not our

concern in this paper. However, we are tempted to speculate that part oof

the explanation may be related to the high'degree of labor mobility within

(from farm to nonfarm employment) and among regions as well as to the
synchronousfregional adoption of technological advancements.

Another feature of our results is/that the estimate of (YL - YC) is
negative (in all regions) which means that tﬂe efficiency of capital is
higher than that of labor. : |

It may be notea that we have not discussed the causes of fac;or-aug-
mentatibn, as this topic belongs to the area of investigation of the

4/

sources of inputs productivity growth.— However, we may simply mention
that, as far as labor is concerned, the increasing voluﬁe of past and
current rgsearch attributes labor productivity increasés to the imﬁroving
quaiity of labor due primarily to the educational attainments of the labor
force.

The definition of labor (measured in man-hours), as we stated earlier,

includes farm work performed by farm operators, unpaid family workers, and

hired workers. To arrive at an estimate of the wage bill, the wage rate

R
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for hired lébor was applied to the other two categories of labor. If,
however, farm operators have higher productivity due to larger amounts of
investment in human capital,‘the above procedure leads to an underestimate
of labor's share with ﬁnknown effeéts on the estimated régression coef-
ficiénts{ unless the effgct of the underestimation on the share's ratio is
uniform throughout the period in which case the estimated elasticity of
substitution will be unaffected. The nature of our data does not allow
the estimation of the amount of capital's share that belongs to human capital
of.farﬁ operators.

We indicated earlier in the paper that in some reéions the share of
labor shows a tendency to stabilize in the last four.years.' These regions

have been examined further and the results are reported in the appendix.

Summary

In this paper we have attembted an empirical investigation of the
sources of change in the relative share of labor in the Aﬁerican agricultural
sector. We have examined ten regions comprising 48 states for a period of"
21 years (1950-1970). We have conducted our study Withit; tﬁe neoclassical
framework of préduction and distribution by adépting a CES production
function éllowing for factor augmentation and assuming cémpetitive marketé
for factors of production and‘outéut. |

The results of this study may be summarized as follows:

1. The relative share of labor is declining in all regions at an

average annual rate in the neighborhood of 3 percent.
-2, The capital labor ratio is increasing in all regions. The average
" annual rate varies from about 4 to 9 percent.

3. . The elasticity of substitution is found to be greater than unity-

‘in all regions, and it varies regionally from approximately 1.1 to




s
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3.2, It follows‘that'the Cobb-Douglas production; so often used

in studies of the agricultural sector, by imposing the restriction
that 0=1 biases the estimates of the remaining parameters.

The difference between iabor and capital efficiency (YL - YC) is
negative in all regioms. Sinceithe standard errors of (Yi - YC)
are high for most ;egions the question of their reliability remains.

Technical progress is nonneutral. Its bias is estimated and is

- found to be positive in all regions indicating labor-saving

technical progress.

The éombinati§n of a gfeater than unity elasticity of substifution

and a negative (YL - YC) results in a declining relative share of
labor. ‘

i



APPENDIX

In an attempt to improve some of the estimates presented in Table 4 we
have experimented with the régions that have shown a tendenéy of st&bility
in relative sﬁares. For these regions we have repeated our statistical
analysis with the observations of the period 1950-1966. The results are
reported in Table 6. Despite the loss of four degreés of freedom the
equations of Table'6 are a clear improvement over the corresponding equations
of Table 4. 1In two cases (Appalachian and Southeast regions) the elasticity
of substitution is significantly greater than one with no loss in the other
four regions. More imprgssive is‘the improvement in the estimates of>(YL - YC).
For the Appalachian, Southeast and Delta States regions the estimate of.

(YL - YC) is reduced in absolute value to more satisfactory levels. No
_substantial changes have occurred in the adjusted cbefficient:of
determination.

As we have already mentioned in the remaining four years (1967-1970) the
relative share of labor seems to have reached a floor in the six.regions of
Table 6. On the basis of ecuation (13) we may infer either that the
-elaéticity of substitution has decreased to a value of one which is rather

~unlikely, or that (YL - ‘Yc)t‘nl is positive and equal to %u Given the limit-

ed number of observations we have not subjected our data to further tests.

A period of four years is much’ too short to supply any reliable information

of the sort we need in our investigation.




TABLE 6

.Regression Results of Equation (18a): Six

\

Regions, 1950-1966

B .
; _0. (G- - 72 - -
Region (o-1) 1n (ao) 1-0 (o-1 (YL Yc) R d.f D-W o] Yy Yc
: s C % sk
3. Corn Belt -5.37 -2.3§ -.093 .73 14 1.55 3 34 -.04
(.90) (.123) (.90 (.052)
4. Northern -2.17 -1.ﬁ9 -.387* Y 14 1.13 2.19 -.33
Plains (1.38) (.149) (1.34) (.29)
5. Appalachianr - -1.74 =29 » -.346* .86 14 .94‘ 1.94* -.37
(.54) (.092) (.54) (.14) -
' - LRk * . #k
6. Southeast -2.95 o =1.21 -.358 .86 14 1.24 2.21 -.21
C (.60) (.109) (.60). (.24)
o ' . ik ’ * ' *
7. Delta States ~4.,76 -2.05 -.333 .86 14 1.29 3.05 -.16
: (.70) (.126) (.70) (.004)
8. Southern - -2.78 -1.50 =378 .72 14 .75 2.50 - -.25
~Plains ‘ (1.03) ; (1.03) (.19)

NOTE: Standard errors are shown in parentheses. One and two asterisks indicate significance at

one and five percent levels, respectively.
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_FOOTNOTES

*The authors are Assistant Pfofesgots of Agricultural Economics and
}A'gricult‘\'n;al Ecovnomist in the Exp"erimeﬁt Station .and o_n‘the.vGiannini
Foﬁndatio‘n, University of ’California, DaQis'. - |
1/ The problem we »aré ailuding to is essént:ially that associated with
the _well-known "impoésibility theoren"” [2], ~ In this connection a‘tecet{t
-‘pa‘p}ér'by Sato [10] is of’ intgrest, ‘ '
Z/ It‘ is ‘fair ét this poiﬁi: to mention the much’ moré damaging critic;l.sm
"of‘ the inappropriateness of the neoclassical produc'tion theory in deaiing
with p'rob_leﬁ;;z 6f ir;come distribu»tion. Howevef, given the present s»tat.‘e of
the ‘de'b'a;:e between neoclassists ‘ahd Camﬁridge eéonomists, and the f-actv
‘th'a‘tv thoée involved in the controversy are still using aggregate product;ion
' 'fu‘ngf:’ions, ‘wé ‘do not feel too qncomfbrtable in examining the share of labor
within the n'[eoclas‘si‘cal framework, |
}_/ ﬁe “sg‘at;es contained in 'eacﬁ region are as follows:
:?%th‘t-ﬁeast“:‘ ‘Maine, Vt., N.H., Mass., R.I., Conn., N.Y., N.J., Pa., Md.,
. #nd Del. - | » 7 :
*Lake ‘States's ’Mich.—, Wisc,., :and Minn, _
‘f'C‘o‘i‘n Belt: Iowa, Mo., I1l., Ind., and Ohio,
?l‘ldi:?th”érn “P-l‘a':tns‘:: ;N. ‘Pak.,; S, Dak., :Nebr., and Kans. .« |
"pr‘ﬁélaéhiau: We Va., Va., Ky., Tenn., and rN..C.,
Southeast: Ala., Ga., S.C., and Fla,
’ ﬁ)e*]:té ‘States: -Ark,, Miss,, ‘and La,
Southern Plains: fOklé.'and Texas
m&mtaim ’Mont..,», iIda’hb,‘W}.'o.l, «Név.-, :Uf:ah,b ‘Cdlo.,'Ariz.‘,_'ahd N, Méx.'

JPacific: ‘Wash., Oregon and Calif,

et il
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FOOTNOTES (continued)
’lﬁj For studies devoted to the U.S. agricultural sector the reader

is referred to Griliches [5, 6] and Welch [15].
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