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Agricultural Productivity Differences
 
Among Countries
 

By Yujmo HAYA~m 

The sources of productivity growth 
over time, and of productivity differences 
among countries and regions have emerged 
as a central unifying theme of growth 
theory and development economics.' In 
recent years a concensus seems to have 
emerged to the effect that productivity 
growth in the agricultural sector is essen-
tial if agricultural output is to grow at a 
sufficiently rapid rate to meet the de-
mands for food and raw materials that 
typically accompany urbanization and 
industrialization.' Failure to achieve rapid 
growth in agricultural productivity can 
result either in the drain of foreign ex-
change or in shifts in the internal terms 
of trade against industry, and thus seri-
ously impede the growth of industrial 
production. Failure to achieve rapid 
growth in labor productivity in agricul- 
ture can also raise the cost of transferring 
labor, and other resources, from the agri-

*Associate professor, department of economics, 
Toyko Metropolitan University now visiting associate 
professor, department of agricultural economics, Uni
versity of Minnesota, and professor, department of 
agricultural economics, University of Minnesota, re-
spectively. The authors are indebted to Zvi Griliches, 
Richard Nelson, Willis Peterson and Mathew Shane for 
suggestions and comments; and Miss Sachiko Yamo-
shita and Mrs. Barbara Miller for computational 
assitance in the preparation of this paper. Minnesota 
Agricultural Experiment Station Miscellaneous Journal 
Series Paper No. 1387. The research on which this paper 
Isbased was financed through a grant from the Rocke-
feller Foundation. 

lJ. R. Hicks has suggested that growth theory and 
development economics have no connection. This view 
would seem to be invalid in view of Hicks' own criteria. 
See A. 0. Krueger.

I See articles by Irma Adelman and Cynthia T. 
Morris, Dale W. Jorgenson, Gu-tav Ranis and 3. C. H. 
Fel, and V. W. Ruttan. 

AND V. W. RuTTAN* 

cultural to the nonagricultural sector as 
development proceeds. 

Extremely wide differences in agri
cultural productivity exist among coun
tries. Agricultural output per worker in 
India is approximately one-fiftieth of that 
in the United States. Relatively few un
derdeveloped countries have achieved 
levels of output per worker one-fifth as 
high as in the United States. Furthermore, 
these differences have widened during the 
last decade.$ This lag in the rate of pro
ductivity growth in agriculture represents 
a serious constraint on economic growth 
in many developing economies. 

Recent empirical research supports a 
classification of the sources of productivity 
differences, or of productivity growth, 
into three broad categories, a) resource 
endowments, b) technology, as embodied 
in fixed or working capital, and c) human 
capital, broadly conceived to include the 
education, skill, knowledge and capacity 
embodied in a country's population. Al
though this is clearly an oversimplification 

it does represent a substantial advance 
over the earlier emphasis on a single key or 
strategic factor.4 

Our analysis indicates that the three 
broad categories outlined above account 
for approximately 95 percent of the differ

ences in labor productivity in agriculture 
between a representative group of Less 
Developed Countries (LDC's) and of De

veloped Countries (DC's). In this compar
ison the three factors are of roughly equal 

' See Hayam and associates.
4 See studies by Zvi Griliches, A.0. Krueger, R. R. 

Nelson, and T. W. Schultz. 
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importance. When compared to the DC's 
of recent settlement (Australia, Canada, 
New Zeal:nd, and the United States) 
favorable resource endowments account 
for somewhat more than one-third of the 
differences. Resource endowment is the 
major factor accounting for differences in 
labor productivity between the DC's of 
recent settlement and the older DC's. 
Nevertheless it seems apparent that the 
LDC's could, over time, achieve labor 
productivity levels in agriculture well over 
half as high as in the more recently settled 
DC's, roughly comparable to the levels 
achieved in the older DC's, through in-
creased use of technical inputs supplied 
from the industrial sector and improve-
ments in the quality of the labor force, 
even in the absence of substantial changes 
in man-land ratios. 

I.The Method and the Data 


The approach used in this study in-
volves the estimation of a cross-country 
production function of the Cobb-Douglas 
type for thirty-eight developed and under-
developed countries." Differetices in agri-
cultural output per worker are accounted 
for by differences in the level of conven-
tional and nonconventional inputs perworker, classified as a) internal resourcetorkeclssifc)n ale r 
accumulation, b) technical inputs sup-
plied by the nonagriculture sector, and 
c) human capital.' All the data used in 
this study are taken from a recent compila-

ICountries included are: Argentina, Austria, Austra-
la, Belgium, Brazil, Canada, Ceylon, Chile, Colombia, 
Denmark, Finland, France, Germany, Greece, India,
Ireland, Israel, Italy, Japan, Mauritius, Mexico,
Netherlands, New Zealand, Norw y, Peru, Philippines,
South Africa, Spain, Surinam, Sweden, Switzerland,
Syria, Taiwan, Turkey, U.A.R., U.K., U.S.A., and 
Venezuela. 

* For a report on a preliminary attempt see Hayami
(1969, 1970). Major extensions from the previous study
Include: a) a comprehensive revision of data; b) intro, 
duction of the livestock variable; c) analysis on a per
farm basis in addition to a national aggregate basis; d)
test of stability of the production function over time;
and e) refinements in the procedures used to account for 
productivity differences. 

tion of international agricultural produc
tion statistics by Yujiro Hayami and 
associates.7 

Production functions were estimated for 
three different periods; 1955 (1952-56 
averages), 1960 (1957-62 averages), and 
1965 (1962-66 averages).8 The analysis 
was conducted in gross output (net of 
seeds and feed) terms in order to include 
the effects of current intermediate inputs 
such as fertilizer. Individual agricultural
commodities were aggregated by the farm 
gate (or import) prices of the United 
States, Japan, and India, to produce 
three different output series. The series 
were then averaged geometrically into a 
single composite output series which was 
used as the dependent variable. 

The independent variables used in the 
study include labor, land, livestock, ferti
lizer, machinery, education, and technical 
manpower. In summing up the effects of 
resource endowments, technology, and 
human capital on productivity per worker, 
land and livestock serve as proxy variables 
for internal resource accumulation; ma
chinery and fertilizer for technical inputs; 
and general and technical education in 
agriculture for human capital. 

Land (measured by hectares of agri-
The basic data were collected from publications by

the United Nations organizations (PAO,1LO and 
UNESCO), the Organization for Economic Cooperation 
and Development, and the governments of various 
countries. These data were processed by Hayami andassociates to be consistent with the definitions of vari
ables and, also, to be comparable among countries. 
Earlier estimates of agricultural outputs reported by
Hayami and Inagi were substantially revised for this 
study. 

s Averages were taken for flow variables (output and 
fertilizer input). Stock variables were in principle mea
sured by 1955, 1960, and 1965 levels. It would seem 
more consistent to have averages of 1953-57, 1958-62,
and 1963-67, but the original estimates of agricultural 
output are of 1957-62 averages (see Hayami and as
aociates) and, when we tried to extend the 1958-62 
output series to 1955 and 1965, the FAO index of agri
cultural production was available only until 1966. 
IThis procedure was applied for 1960 data. 1955 and 

1965 output tstimates were extrapolated from the 1960 
estimates by using the FAO Indexes of agricultural pro
duction by countries. 
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cultural land) used for agricultural pro-
duction cannot be regarded as a mere 
gift of nature. It represents the result 
of previous investment in land clear-
ing, reclamation, drainage, fencing, and 
other development measures. Similarly, 
livestock (as measured by livestock units) 
represents a form of internal capital 
accumulation. Thus, in our perspective, 
land and livestock represent a form of 
long-term capital formation embodying 
inputs supplied primarily by the agri-
cultural sector.10 Both high inputs of land 
and of livestock per worker tend to be 
associated with low levels of labor and 
high levels of land per unit of output. In 
contrast, fertilizer (as measured by the 
N+P#O,+KO in commercial fertilizers) 
and machinery (as measured by tractor 
horsepower) represent inputs supplied by
the industrial sector. Technical advances 
stemming from both public and private 
sector research and development are em-
bodied in or complementary to these mod-
ern industrial inputs. Mechanical inno-
vations are usually associated with larger 
inputs of power and machinery. Biological 
improvements, such as the innovations 
embodied in high yielding varieties, are 
typically associated with higher levels of 
fertilizer use. In this analysis these two 
industrial inputs represent proxies for the 
whole range of inputs which carry ma -ern 
mechanical and biological technologies. 

The proxies for human capital include 
measures of both the general educational 
level of the rural population and spe-
cialized education in the agricultural 
sciences and technology. Two alternative 
measures of the level of general education 
were attempted: a) the literacy ratio 
and b) the school enrollment ratio for the 
primary and secondary levels. Both sets 
of data are deficient in that they apply to 
the entire population and are not sensitive 

10Perennial plants belong to the same category of 
Inputs as livestock; but they are not included due to the 
lack of data. 

to differences in the quality of rural and 
urban education. Education in the agri
cultural sciences and technology was 
measured by the number of graduates per 
ten thousand farm workers from agri
cultural faculties at above the secondary 
level. These graduates represent the major 
source of technological and scientific per
sonnel for public sector agricultural re
search and extension and for research de
velopment and marketing in the private 
agribusiness sector." 

A critical assumption in this approach is 
that the technical possibilities available 
to agricultural producers in the different 
countries can be described by the same 
production function. Cross-section pro
duction functions, using individual coun
tries or regions as observations, have been 
widely used. Cross-country aggregate pro
duction functions for the agricultural 
sector were first estimated by Jyoti 
Bhattacherjee in 1953. An aggregate agri
cultural production function similar to 
that used in this study, using states in the 
United States a., observations was em
ployed by Zvi Griliches in an attempt to 
account for the impact of research and 
education on agricultural output. Anne 
Krueger's recent efforts to estimate the 
contribution of factor endowment differ
entials to variations in per capita income 
employs the assumption that all countries 
are subject to a uniform production func
tion. 

In a recent paper Richard Nelson has 
argued that the assumptions of a common 
production function ".... get in the way 
of understanding international differences 
in productivity-particularly differences 
between advanced and underdeveloped 
countries" (p. 1229). Nelson's objections 
appear directed primarily to the empirical 

IIna sense this variable may be superior as the proxy 
for the level of research and extension to the "state 
average of public expenditure on research and extension 
per farm" used by Griliches, because our variable 
reflects the research and extension activities in the pri
vate sector as well as In the public sector. 

http:sector.10
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results obtained from use of relatively 
primitive two-factor production functions, 
where intercountry differences in value-
added per worker are related to the capital-
labor ratio. He insists, as a result of 
differential diffusion of new technology, 
that ". . . at any given time one would 
expect to find considerable variation 
among firms with respect to the vintage of 
their technology, certainly between coun-
tries, but even within a country" (p. 1230). 
We share the Nelson perspective. Agri-

cultural producers in different countries, 
in different regions of the same country, 
and on different farms in the same region 
are not all on the same micro-production
function. This reflects differences among 
producers in their ability to adopt new 
technology. More importantly, it is also 
the result of differential diffusion of agri-
cultural technology, and, to an even 
greater degree, of differential diffusion 
of the scientific and technical capacity to 
invent and develop new mechanical, bio-
logical, and chemical technology specifi-
cally adapted to the factor endowments 
and prices in a particular country or re-
gion. 


We may call the envelope of all known 
and potentially discoverable activities a 
secular or "meta-production function." 
The full range of technological alternatives 
described by the meta-production function 
is only partially available to individual 
producers in a particular country or agri-
cultural region during any particular his
cultual regoh.during any particur,pt-torical "epoch.""2 It is, however, poten-

"In the shortrun, in which substitution between 
capital and labor is circumscribed by the rigidity of 
existing capital and equipment, production relationships 
are best described by an activity with relatively fixed 
factor-factor and factor-product ratios. In the long run, 
In which the constraints exercised by existing capital
disappear and are replaced by the fund of available 
technical knowledge, including all alternative feasible 
factor-factor and factor-product combinations, pro-
duction relationships can be adequately described by the 
neoclassical production function. In the secularperiodof 
production, in which the constraints given by the avail-

ECONOMIC REVIEW 

tially available to agricultural scientists 
and technicians. 

We view the common or cross-country 
production function which we have esti
mated as a meta-production function. It 
is assumed that the invention and diffusion 
of a new "location specific" agricultural
technology through the application of the 
concepts of physical, biological, and chem
ical science and of engineering, craft, and 
husbandry skills, is capable of making the 
factor productivities implicit in the cross
country production function available to 
producers in less developed countries. It 
is also assumed that the capacity of a 
country to engage in the necessary re
search, development and extension is 
measured by the two proxy variables for 
human capital, namely general education 
and technical education in agriculture. It 
appears to us that this effort, and that of 
Griliches and Krueger, are not inconsistent 
with the perspective presented by Nelson 
in his criticism of the empirical results ob
tained from two factor cross-country pro
duction functions. 

The production function employed in 
this study was of the Cobb-Douglas type. 
It was used mainly because of its ease in 
manipulation and interpretation. A test 
presented in the Appendix indicates that 
the unitary elasticity of substitution im
plicit in the Cobb-Douglas production 
function is an acceptable assumption.
The ordinary least squares estimation 

able fund of technical knowledge are further relaxedto admit all potentially discoverable knowledge, pro
duction relationships can be described by a meta-pro
duction function which describes all potentially dis
coverable technical alternatives. The meta-production
function can be regarded as the envelope of neoclassical 
production functions. Although the term is not em
ployed, the meta-production function concept is Im
plicit in the work of Murray Brown and of W. E. G. 
Salter. We have discussed the rationale for the meta
production function concept in Japanese and U.S. 
agricultural development in greater detail elsewhere 
(see Hayami and Ruttan). The elasticity of substitution 
among factors increases continuously as the time period
increases from the short run to the secular period. 



HAYAMI AND RUTTAN: AGRICULTURAL PRODUCTIVITY 899
 

procedure was used. The possibility of 
simultaneous equation bias seems small 
because all inputs, except fertilizer, are 
measured in stock terms and can be 
treated as predetermined. In a few cases,
however, the method of instrumental 
variables was tried to see if any different 
inferences might be drawn. The assump-
tion of a common production function 
among countries is a testable hypothesis.
However, it appears that the data used in 
this study are too crude to be employed

2for such a test."

I. Estimation of the Production Function 
We conducted an especially detailed 

analysis for 1960 because of a) better 
comparability of output data and b) avail-
ability of data for the number of farms in 
that year."4 Table 1presents the estimates 
of the unrestricted Cobb-Dourlas pro-
duction function on the cros-country 
data; each column reports the results of 
a regression of agricultural output aon 
different set of inputs in the log linear 
form, including estimates of the produc-
tion elasticities and their standard errors 
(in parentheses), the standard errors of 
estimate and the coefficients of deter-
mination adjusted for the degrees of free-

u In order to test the assumption that farmers in 
different countries face the same production function,
the production function was estimated separately for 
the two different groups of countries (DC and LDC's).The estimation was tried for various groupings of DC'sand LDC's, but the results are all implausible with most 
of thecoefficients statistically nonsignificant or negativeinsign. It seems that measurement errors inour obser-
vations (especially of nonconventional variables) are
toolargetomakeltpossibletoestimatetheinfluencesof 
variables for the groups of countries within which the ranges of data variations are relatively small. The basic
assumption Is, therefore, not testable on the presently 
available data. All we can claim is that differences inagricultural productivity among countries can be ex-
plained well with this assumption. 

14The 1960 World Census of A griculureprovides thedata of the number of farms for a large number ofcountries. Comparable data are available for only a
small number of countries for 1955 and 1965. See also
in.
9. 

doam.1 The estimation was made both on 
per farm data (output and ccnventional 
inputs deflated by the number of farms)
and on national aggregate data. The re
suits from these two sets of data are not 
sufficiently different to lead to different 
inferences regarding the agricultural pro
duction structures among countries. 

Considering the crudeness of data, the 
levels of statistical significance of the 
estimated coefficients seem satisfactory in 
most cases. The coefficients stay fairly 
stable when nonconventional variables 
are added or subtracted, though the co
efficients for labor and livestock tend to 
move opposite to the coefficient for ma
chinery. The results of estimation by the 
method of instrumental variables (de
noted as IV) compared with the least 
square estimates provide no prima facie 
evidence against the use of least squares.

Attempts to include other variables, 
e.g., the ratio of irrigation land to total 
land area and the ratio of cropland to 
pasture land, were tried in an attempt to 
adjust for differences in the quality of 
land input; but it turned out that the co
efficients for such variables are either nega
tive or nonsignificant."8 

Plausibility of the estimates may be 
checked by a comparison with the results
of earlier attempts to estimate aggregate
production functions in various countries.Bhattacharjee obtained aggregate pro
duction elasticities for his cross-country
production function (including only con
v

entional variables) centered on 1950 of
around 0.3 for labor; 0.3 to 0.4 for land;
and 0.3 for fertilizer. The coefficients for 
i
vestock and tractors were not significant

at commonly accepted levels. The Bhat
u Surinam was dropped from the sample except Re. 

gressions Iand 6 because of the lack of technical educa
tion data. 
"This does not necessarily mean that such variableshave no significant influence, but rather it means that

the presently available data are too crude to estimate the
Influences of such variables. 
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tacharjee results indicate higher produc- for education; 0.04 to 0.1 for research and 
tion elasticities for land and fertilizer than extension. It is rather surprising that the 
the results obtained in our study. It would Grilicheb' estimates, despite the corn
appear that our model is somewhat better pletely different nature of the data used, 
specified in that we obtained statistically coincide so well with the ones in this study. 
meaningful coefficients for livestock and The production elasticities estimated 
machinery as well as for the two proxy for Japanese agriculture by Yasuhiko 
variables for human capital. Yuize in value-added terms are in the 

The aggregate productioni elasticities of ranges of 0.4 to 0.6 for labor and 0.2 to 
U.S. agricultLre were estimated by Gri- 0.4 for land. Such figures are consistent 
liches as 0.4 to 0.5 for labor; 0.1 to 0.2 for with the estimates in this study since 
land, fertilizer and machinery; 0.3 to 0.5 according to the social account study by 

TALz I-ESTIMATES or AGRICULTURAL PRODUCTIoN FUNCTION ON 
Czoss-CouNmRY DATA, 1960 (1957-62 AVERAGES) 

Per farm Basis 

Regrea lon number (1) (2) (3) (4) (5) (2-4V) (3.V) 

Sample size 38 37 37 37 37 37 37 

Labor (L) 0.336 
(0.121) 

0.432 
(0.114) 

0.393 
(0.117) 

0.490 
(0.110) 

0.454 
(0.113) 

Land 0.071 0.108 0.097 0.117 0.104 0.108 0.097 
(0.074) (0.065) (0.067) (0.062) (0.066) (0.069) (0.072) 

Livestock 0.166 
(0.099) 

0.241 
(0.089) 

0.227 
(0.092) 

0.249 
(0.086) 

0.232 
(0.091) 

0.210 
(0.094) 

0.192 
(0.097) 

Fertilizer 0.174 
(0.055) 

0.124 
(0.058) 

0.1,6 
(O.V2) 

0.121 
(0.O3) 

0.126 
(0.059) 

0.096 
(0.058) 

0.108 
(0.067) 

Machinery 0.205 
(0.061) 

0.057 
(0.067) 

0.104 
(0.064) 

0.038 
(0.053) 

0.092 
(0.059) 

0.074 
(0.068) 

0.124 
(0.064) 

General education 0.348 0.366 
Literacy ratio (EB) (0.186) (0.196) 

School enroll- 0.360 0.263 
ment ratio (E) (0.247) (0.274) 

Technical education 0.190 0.148 0.197 0.146 0.197 0.153 
(0.057) (0.055) (0.055) (0.054) (0.060) (0.056) 

LxE, 0.418 
(0.109) 

LxE, 0.383 
(0.114) 

Cod. of det. (adj.) 
S.E.of est. 

0.908 
0.138 

0.932 
0.119 

0.926 
0.124 

0.934 
0.118 

0.928 
0.123 

0.928 
0.123 

0.921 
0.128 

Sum of conventional 0.952 0.962 0.957 0.943 0.937 0.978 0.975 
coeffidents(0.098) (0.085) (0.088) (0.074) (0.080) (0.088) (0.094) 



91 HAYAMI AND RUTTAN: AGRICULTURAL PRODUCTIVITY 

TABrz 1-(ConmHud) 

National Aggregate basis 

Regression number (6) (7) (8) (9) (10) (7.IV) (8.IV) 

Sample size 38 37 37 37 37 37 37 

Labor (L) 0.335 0.451 0.413 0.474 0.434 
(0.064) (0.074) (0.075) (0.072) (0.074) 

Land 0.056 0.088 0.076 0.097 0.080 0.092 0.080 
(0.065) (0.062) (0.063) (0.061) (0.063) (0.065) (0.067) 

Livestock 0.191 0.247 0.235 0.263 0.243 0.219 0.205 
(0.096) (0.089) (0.092) (0.086) (0.091) (0.093) (0.095) 

Fertilizer 0.161 
(0.053) 

0.112 
(0.059) 

0.123 
(0.063) 

0.105 
(0.058) 

0.108 
(0.061) 

0.090 
(0.057) 

0.104 
(0.064) 

Machinery 0.192 
(0.056) 

0.071 
(0.065) 

0.116 
(0.060) 

0.040 
(0.053) 

0.102 
(0.058) 

0.082 
(0.06s) 

0.127 
(0.061) 

General education 0.326 0.321 
Literacy ratio (E) (0.187) (0.196) 

School enroll. 0.324 0.290 
ment ratio (E) (0.248) (0.271) 

Technical education 0.182 
(0.057) 

0.142 
(0.05S) 

0.195 
(0.055) 

0.139 
(0.04) 

0.182 
(0.060) 

0.142 
(0.056) 

LxE 0.464 
(0.072) 

LXEs 0.432 
(0.072) 

Coef. of det. (adj.) 0.955 0.953 0.950 0.954 0.950 0.951 0.948 
S.E. of cat. 0.131 0.118 0.123 0.118 0.122 0.120 0.125 

Sum of conventional 
coefficients 

0.935 
(0.035) 

0.969 
(0.039) 

0.963 
(0.040) 

0.969 
(0.039) 

0.965 
(0.040) 

0.957 
(0.048) 

0.950 
(0.040) 

Source: Hayaml and associates.
 
Notes: Equations linear in logarithms are estimated by the least squares except those denoted as IV, which are
 
estimated by the instrumental variable method. The standard errors of coefficients are in parentheses.
 

Dependent variable: Gross agricultural output net of seeds and feed in thousand wheat units (one wheat unit is 
equivalent to a ton of wheat). 

Labor: Number of male workers active In agricultur- ;- thousands. 
Land: Area of agricultural land in thousand hectares. 
Livestock: Livestock in agriculture in thousand livestock unitb 'conversion factors: 1.1 for camels; 1.0 for buffalo, 

horses and mules; 0.8 for cattle and asses; 0.2 for pigs; 0.1 for shetp and goats; 0.01 for poultry).
Fertilizer: Sum of N, POs and K1O in thousand metric tons contai.-d in commercial frrtilizers consumed. 
Machinery: Horsepower of tractors for farm purposes in thousands hp.'.,. 
Literary ratio: Literacy ratio in percent. 
School enrollment ratio: Ratio of school enrollments in the primary and secondary schools in percent, adjusted 

for differences in the school system. 
Technical education: Number of graduates from agricultural schools of the third level (college level) per ten 

thousand male farm workers. 
Number of farms: Number of agricultural holdings in thousands. 
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the Japanese Ministry of Agriculture and 
Forestry the ratio of value-added to gross 
output was around 0.7 in Japanese agri-
culture in the period when Yuize's study 
was made. In the less developed countries 
we do not have comparable estimates 
of the aggregate agricultural production 
function. Theodore Schultz has, however, 
inferred from the impact of the 1918-19 
influenza epidemic that the production 
elasticity of labor in Indian agriculture 
was 0.4. This is consistent with our esti- 
mates. Such consistency with other stud-
ies gives support to the results of estima-
tion in this study. 

Griliches has found that in U.S. agri-
culture, a given percentage increase in 
education, which improves the quality of 
labor, has the same output effect as an 
equal percentage increase in labor itself. 
In order to test whether the same asser-
tion holds in the international dimension, 
we have estimated the production func-
tion by combining labor L aind general 
education E in a multiplicative form 
LXE; this resulted in little change (corn-
pare regressions 2 with 4, 3 with 5, 7 with 
9, and 8 with 10). Furthermore, the analy-
sis of variance provides evidence in 
support of the equality in the coefficients 
of labor and general education." 

Judging from the sums of coefficients of 
conventional inputs, compared with the 
standard errors of those sums (shown in 
parentheses below the sums of coefficients), 
constant returns seem to prevail both on 
the farm firm level and on the national 
aggregate level. Note, however, that in-
creasing returns prevail when both private 
and socially controlled inputs are allowed 
to vary. The constant returns at the farm 
firm level may explain the existence of 
farms of extremely different sizes produc-

tThe F-statistics calculated for testing the equality 
of the labor and education coefficients are: 0.22 for 
Regression 2 vs. Regression 4; 0.31 for Regression 3 vs. 
Regression 5; 0.65 for Regression 7vs. Regression 9; 0.77 
for Regression 8 vs. Regression 10. 
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ing the same commodities. The constant 
returns at the national aggregate level 
might be one of the distinctive charac
teristics of agricultural production and, if 
so, would have important implications for 
the intersectoral investment priorities for 
national economic development. 

The stability of the agricultural pro
duction function over time is tested on the 
1955, 1960, and 1965 cross-country sam
ple. Because comparable data on the 
number of farms were not available for 
1955 and 1965, we assumed the linear 
homogeneity in the Cobb-Douglas pro
duction function and regx.,ssed output per 
capita (per male w,:!,er) on conventional 
inputs per capita and on nonconventional 
inputs. The linear homogeneity assump
tion is based on the information contained 
in Table 1. In order to make the data corn
parable among years we restricted the 
countries included in the sample to 36 
(Mauritius and Surinam were dropped 
from the sample for lack of labor data). 

The results of our estimations are sum
marized in Table 2. Comparing the esti
mates of the per capita production func
tion with those of the unrestricted form 
in Table 1,we see that the land coefficients 
become smaller and the livestock coeffi
cients become larger. This appears to be 
caused by high intercorrelation between 
land area per worker and livestock per 
worker. Differences in the two sets of 
estimates do not seem to imply different 
conclusions. The production parameters 
seem largely stable over time. The null 
hypothesis of the equality of the produc
tion coefficients among 1955, 1960, and 
1965 is accepted according to the results 
of analysis of variance (the F-statistic 
calculated from Regressions 12, 13, 14, 
and 17 is only 0.95). 

III. Accountingfor Productivity
 
Differences
 

The results obtained from estimation 

of the agricultural production function in 
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TABLz 2-EsTrrrzs oi A."ICULTURAL PRODUCTION FtmcrnoN ON CRoss-CouNUav DATA: 
1955 (1952-56 AvxpAoEs); 1960 (1957-62 AvzAaoEs); 1965 (1962-66 AvERAozs) 

Regression number (11) (12) (13) 

Year 1960 1960 1955 

Sample size 36 36 36 

Land 0.072 0.056 0.082 
(0.061) (0.063) (0.061) 

Livestock 0.289 0.281 0.311 
(0.092) (0.094) (0.093) 

Fertilizer 0.105 0.107 0.124 
(0.057) (0.063) (0.07) 

Machinery 0.076 0.125 0.061 
(0.063) (0.059) (0.049) 

General education 0.362
 
Literacy ratio (0.180)
 

School enroU. 0.337 0.168 
ment ratio (0.243) (0.182) 

Technical education 0.182 0.137 0.194 
(0.055) (0.053) (0.051) 

Dummy: 1960 

1965 

Cod.ofdet. (adj.) 0.934 0.930 0.931 

S.E.ofest. 0.115 0.119 0.111 


Implicit coefficient
 
of labor 0.458 0.431 0.422 


Notes and Source: See Table I. 

Per-capita basis 

(14) 

1965 

36 

0.043 
(0.073) 

0.273 
(0.101) 

0.142 
(0.083) 

0.152 

(0.063) 

0.356 
(0.336) 

0.099 

(15) (16) (17) 

1955-60 1960-65 19550-65 

72 72 108 

0.068 0.047 0.066 
(0.042) (0.047) (0.038) 

0.300 0.276 0.286 
(0.064) (0.066) (0.05S) 

0.120 0.125 0.137 
(0.041) (0.049) (0.038) 

0.090 0.144 0.106 
(0.036) (0.041) (0.032) 

0.320 0.324 0.243 
(0.141) (0.189) (0.134) 

0.168 0.113 0.122 
(0.050) (0.035) (0.034) (0.029) 

-0.009 -0.017 
(0.026) (0.029) 

-0.019 -0.021 
(0.029) (0.030)
 

0.919 0.934 0.929 0.924
 
0.135 0.111 0.123 0.122
 

0.390 0.422 0.408 0.405
 

Equations linear In logarithms are estimated by the least squares. The standard errors of coefficients are in paren. 
thess. 

the previous sections may be used to ac-
count for intercountry differences in labor 
productivity (output per male worker) 
inagriculture in 1960. 

Since our production function is now 
assumed to be linear homogeneous (with 
respect to conventional inputs) in the 
Cobb-Douglas form, the percentage dif-
ference in output per worker can be ex-
pressed as the sum of percentage differ-

ences in conventional inputs and non
conventional inputs per worker each 
weighted by the relevant production elas
ticities. Based on the results shown in 
Table 1 and Table 2 the following set of 
production elasticities w,.s adopted: 0.40 
for labor, 0.10 for land, 0.25 for livestock, 
0.15 for fertilizer, 0.10 for machinery, 0.40 
for education, and 0.15 for research and ex
tLnsion. Only the school enrollment ratio 
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TAn-I3--AccouNTnNO Pos DwnUENCz INLABo PRODUCTIVITY INAoRCULTUE BETWEEN DEELOPED COUNTRms
(DC) AND LEss DEVELOPED COUNTRIES (LDC) As PZCENT or Tm LABoa PRODUCTIVITY or DC 

Difference in output per male worker-percent 
Percent of difference explained: Total 

Resource accumulation: 

Land 

Livestock 


Technical inputs: 

Fertilizer 

Machinery 


Human capital: 

General education 

Technical education 


Group 1 Group 2 
(13 DC's) (9 DC's) 

88.8 (100)4 83.5 (100)
84.2 (95) 71.1 (85)
29.2 (33) 17.5 (21)
9.2 (10) 1.8 (2)

20.0 (23) 15.7 (19) 

24.3 (27) 24.3 (29)
14.5 (16) 14.5 (17)
9.8 (11) 9.8 (12) 

30.7 (35) 29.4 (35)
18.2 (21) 17.6 (21) 
12.5 (14) 11.7 (14) 

Group 3 
(4 DC':) 

93.6 (100) 
90.0 (96) 
32.6 (35)

9.7 (10)
22.9 (25) 

24.5 (26) 
14.6 (16) 

9.9 (10) 

32.9 (35) 
19.5 (21) 
13.4 (14) 

Inside of parentheses are percentages with output per worker set equal to 100.
LDC: Brazil, Ceylon, Colombia, India, Mexico, Peru, Philippines, Syria, Taiwan, Turkey, UAR.DC: 	 Australia, Belgium, Canada, Denmark, France, Germany, Netherlands, New Zealand, Norway, Sweden,

Switzerand, UK, USA. 
Group I includes all DC'a;
Group 2 excludes Australia, Canada, New Zealand, and the United States from DC's;
Group 3 Includes only the four DC's excluded from Group 2. 

Accounting formula: 

I~~~Y\ 
F,~Ia 010 ('da 

.2 IA 
01 

U 
A02(i.~ 

+0.10~~ +0.40 (L-)+ol1S(d U) 
where y, of #f, m, are, respectively, output, land, livestock, fertilizer, machinery per male we :EE and U are,respectively, the general education (school enrollment ratio) and the technical education variablei lower case letter 
d denotes DC and I denotes LDC. 

was used as the education variable in 
this accounting, but the results would 
have been essentially the same if the 
literacy ratio had been used. 

Two alternative sets of results are pre-
sented. The first set involves group com-
parisons between LDC's and DC's. The 
second set involves individual comparisons
of selected LDC's and DC's with the 
United States. 

Group Comparisons 
The sources of differences in labor pro-

ductivity between the eleven LDC's and 
different groups of DC's are presented in 
Table 3. Each column compares for each 
group the percentage difference i agri-
cultural output per worker between LDC's 
and DC's with the percentage differences 

in input variables weighted by the speci
fled production elasticities. Inside of the 
parentheses is shown the index with the 
output-per-worker difference set equal to 
100. The countries classified as LDC's, for 
the purposes of this comparison, all had 
per capita income of less than 350 U.S. 
dollars and more t!an 35 percent of their 
labor force engaged in agriculture. The 
countries classified as DC's had per
capita income higher than 700 U.S. 
dollars and less than 30 percent of the 
labor force engaged in agriculture. Coun
tries falling between these criteria are not 
included in the comparisons presented in 
Table 3. 

The difference In average agricultural 
output per worker between the eleven 
LDC's and the thirteen DC's of group 1 
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was 88.8 percent; the difference between 
the eleven DC's and the nine older DC's 
of group 2 was 83.5 percent; and the 
difference between the eleven LDC's and 
the four DC's of recent settlement-group 
3-was 93.6 percent. The six variables 
included in the production function ac-
counted for 95, 85, and 96 percent of 
the difference in agricultural output per 
worker between the LDC's and the three 
DC's groups. 

In the comparison between the eleven 
LDC's and the thirteen DC's-group 1-
each generalized category, internal re-
source accumulation (land and livestock), 
technical inputs from the industrial sector 
(fertilizer and machinery), and human 
capital (general and technical education in 
agriculture), account for approximately 
one-third of the explained difference in 
labor productivity. 

The main difference between group 1 
and the other two groups is the amount 
of the difference explained by land. Differ-
ence in land accounts for only 2 percent 
of the difference in labor productivity 
between the LDC's and the older DC's, 
while it accounts for 19 percent between 
the LDC's and the new DC's. This implies 
that it should be feasible for the LDC's, 
even with the present land-labor ratios to 
achieve levels of productivity per worker 
roughly equivalent to the labor produc-
tivity levels achieved by workers in the 
older DC's-that is, roughly four times as 
high as present LDC levels and well over 
half the level achieved by t e DC's of re-
cent settlement. The critical elements in 
achieving such increases in labor produc-
tivity are the supply of modern industrial 
inputs in which the new technology is 
embodied and the investment in general 
education and in research and extension 
which raises the capacity to develop and 
adopt a more productivity technology, 

Comparison of group 2 and 3 results 
does indicate that resource endowments, 
particularly land, do represent a serious 

barrier to efforts of both that LDC's and 
the older DC's to achieve levels of output 
per worker comparable to the levels cur
rently enjoyed in the more recently 
settled DC's. This is the first time, to our 
knowledge, that the economic advantage 
of the favorable resource endowments in 
these countries has been demonstrated 
quantitatively. 

Individual Comparisons 
The individual country comparisons 

presented in Table 4 were developed in 
order to provide somewhat deeper insight 
into the sources of differences in labor 
productivitybetween different "ideal type" 
DC's and LDC's and the United States. 
Each now compares the percentage differ
ence in agricultural output per worker 
between each country and the United 
States with the linear combinations of 
percentage differences in input variables 
weighted by the specified production 
elasticities. Inside of the parentheses is the 
index with the output-per-worker differ
ence set equal to 100. In general, the re
sults are consistent with the group corn
parisons. 

In the four underdeveloped countries-
India, Philippines, United Arab Republic, 
and Colombia-internal resource accumu
lation accounts for approximately one
third and technical inputs roughly one
fourth of the differences. Human capital 
accounts for more than one-third of the 
difference between the United States and 
India, the United Arab Republic, and 
Colombia. in the Philippines, which has 
achieved a relatively high level of school
ing and produces a relatively large number 
of agricultural college graduates, human 
capital explains less than one-fourth of the 
productivity difference. The contrast be
tween India and the Philippines in this 
respect is quite striking. 

In the comparisons between the coun
tries of Europe and the United States, 
differences in internal resource accumula
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TABLE 4-AccotmrNmo toR LAnoR PRODucTivrry DIFFERENCES nou THE UNITED STATES AS 
PEacE ' oF U.S. LABoR PRoDucTiVITY, 11 SELECTED CouraIES 

Difference In 
output per 
worker from 

U.S. as 
percent of U.S. 

LDC 
India 97.8 

(100)b 
Philippines 96.2 

(100) 
UAR 95.6 

(100) 
Colombia 89.7 

(100) 
Europe 

Denmark 52.3 
(100)


Netherlands 56.6 

(100) 


United Kingdom 55.8 

(100) 


France 63.9 

(100) 

Japan 89.2 
(100) 

Pastoral fanning
Argentina 60.0 

(100) 

New Zealand -42.4 


(100) 

Percentage of difference explained by: 

Resource Technical Human capital 
accumulation Inputs (general and 

(and and 
Total livestock) 

102.1 32.7 
(104) (33) 
82.1 33.4 
(85) (34) 
97.0 33.8 

(101) (35) 
89.4 25.8 

(100) (29) 

51.0 20.4 
(97) (39)
51.7 25.0 
(91) (44) 

50.2 18.2 
(90) (33) 

64.3 26.2 
(101) (41) 
66.0 34.1 
(74) (38) 

45.9 -4.8 
(76) (-8) 

-49.1 -55.2 
(116) (130) 

(fertilizer technical 
and machinery) education) 

25.0 44.4 
(26) (45) 
24.9 23.8 
(26) (25) 
24.6 38.6 
(26) (40) 
24.7 38.9 
(28) (43) 

13.2 17.4 
(25) (33)
15.0 11.7 
(26) (21) 
13.4 18.6 
(24) (33) 
16.5 21.6 
(26) (34) 

22.4 9.5 
(25) (11) 

24.3 26.4 
(40) (44) 
2.7 3.4 

(-6) (-8) 

Inside of parentheses are percentages with output per worker differences set equal to 100. 

tion represent the most significant source 
of difference in labor productivity. The 
constraint of land on agricultural pro-
ductivity is relatively modest for the 
United Kingdom which experienced the 
drastic agricultural transformation after 
the repeal of the Corn Law; it is strongest 
for France which preserved peasant farms 
by protective tariffs. Increases in the use 
of.technical inputs and improvements in 
the quality of human capital can bring 
labor productivity of the several European 
countries closer to the U.S. level. Never-
theless it seems apparent that major ad-
vances in labor productivity in European 
agriculture (especially in countries like 
France) toward the U.S. level are de-

pendent on the absorption of a higher 
percentage of the agricultural labor force 
into the nonagricultural sector. The Jap
panese case is similar to the European, 
except that Japan, characterized by a 
stronger constraint of land, has moved 
further toward the exhaustion of produc
tivity differentials associated with invest
ment in education and research. In our 
judgment the model underestimates the 
significance of the land constraint in the 
Japanese case and, to a lesser degree, in 
the European case. Without a significant 
increase in land area per worker it would 
be impossible for Japanese agriculture to 
increase technical inputs (especially ma
chinery) to the U.S. level. 
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The two pastoral farming cases are of 
particular interest. In spite of low levels 
of technical inputs, labor productivity in 
Argentina is roughly comparable to that 
in Europe. This is due almost entirely to 
a favorable man-land ratio comparable to 
that in the United States. Argentina 
has, as a result of under-investment in 
technology and human capital, failed to 
fully exploit its favorable man-land ratio. 
New Zealand, in contrast, has achieved a 
level of labor productivity well above the 
U.S. level (the highest in the world) by 
complementing its favorable resource en-
dowments with high levels of technical 
inputs and investment in education and 
research. 

The results obtained in both group and 
individual comparisons are somewhat dif-
ferent than those obtained by Krueger. 
Using a different methodology, Krueger 
found that human capital explained more 
than half the difference in income levels 
between the United States and a group of 
less developed countries. This is in con-
trast to our studies in which human capi-
tal explains approximately one-third of the 
difference in labor productivity. Krueger's 
results apply to the entire economy and 
ours to only the agricultural sector. It 
seems reasonable to expect that resource 
endowments would be of relatively greater 
significance in the agricultural sector than 
in the total economy. We see, therefore, 
no inconsistency between our results and 
those obtained by Krueger. In general the 
consistency between the results presented 
in Tables 3 and 4, combined with our gen-
eral knowledge of the economies being 
studied, strengthens our confidence in the 
methodology employed in this study. 

IV. Implicationsfor Agricultural 
Development Strategy 

The implications of this analysis for 
agricultural development strategy in the 
less developed countries have both en-

couraging and discouraging aspects. It is 
clear that output per worker in the several 
LDC's can be increased by several multi
pies, while land area per worker remains 
constant or even declines slightly. To 
achieve increases of this magnitude will 
require substantial investment a) in rural 
education and b) in the physical, bio
logical, and social sciences. The latter is 
required for the technical and institu
tional infrastructure needed for the in
vention, development, and extension of a 
more efficient agricultural technology. It 
will also require the allocation of substan
tial resources to the production of the 
technical inputs supplied by the industrial 
sector, by which new technology is carried 
into agriculture. By and large, these 
changes achieve the higher levels of output 
per worker through increases in output per 
unit area. 

A more discouraging aspect of this 
analysis is that in order to achieve levels 
of labor productivity comparable to the 
levels achieved in the DC's of recent 
origin it will be necessary to complement 
those technical changes designed to in
crease output per unit area with tech
nologies that reduce the labor input per 
unit area. Significant reduction in labor 
input per unit area is likely to occur, how
ever, only in those economies in which 
urban-industrialdevclopmentissuficiently 
advanced to absorb not only the growth in 
the rural labor force but also to permit a 
continuous reduction in employment in 
rural areas."8 It should be noted that this 
has occurred in Japan only since World 
War II. In most LDC's it seems likely that 
the agricultural labor force will continue 
to expand more rapidly than the non
agricultural demand for labor from rural 
areas.
The implications for agricultural de
velopment strategy for most less de

1 See the article by Folke Dovring. 
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veloped countries seem relatively clear. An 
attempt must be made to close the gap in 
the level of modern industrial inputs and 
in education and research. Agricultural 
surpluses generated by closing the gap, 
over and above the amount necessary to 
maintain the growth of agricultural pro-
ductivity, must be used to finance indus-
trial developmenthg 

Maintenance of the rate of growth of 
agricultural productivity can be expected 
to impose a substantial drain on the say-
ings that can be generated from the agri
cultural surpluses. Initially a substantial 
component of industrial capacity must be 
designed to provide technical inputs for 
the agricultural sector. Substantial in-
vestment will be needed to create the in
stitutional infrastructure to improve gen-
eral education in rural areas and. to pro-
duce the technical and scientific manpower
needed to bring about technical changes in 
agriculture. Investment in land develop-
ment, such as irrigation and drainage, will 
also be necessary in a number of countries 
in order to obtain a full return from the 
new biological and chemical technology. 

If successful, the effort would, over 
time, result in a rate of growth in the non-
agricultural labor force sufficient to permit 
a reduction in the agricultural labor force 
and a rise in labor productivity toward 
the levels of the DC'sof recent settlement. 
Clearly the process outlined here is in-
consistent with the low cost route to 
agricultural development that seemed to 
be opened up by the dual economy models 
which have dominated much of the theoret-
ical discussion of agricultural develop-
ment during the last decade, 

It Shlgeru Ishikawa has suggested that achievement 
of national agricultural output and productivity oh-
jectives may, In some developing countries, require a 
net floy of savings from the nonagricultural to the agri. 
cultural sector. The possibility has been such a shock to 
some students of development economics that they
recommend a "development without agriculture" policy 
(e.g., M.J. Flanders). 
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APPENDIX 
A Test of UnitaryElasticity of Substitution 

In the analysis in the text the production 
function was specified as being of the 
Cobb-Douglas type, thus assuming uni
tary elasticity of substitution among in
puts. Here we attempt to test this assump
tion by estimating the parameters of the 
CES production function developed by
Kenneth Arrow, Hollis Chenery, Bagicha
Minhas and Robert Solow. 

The basic models used for estimation are 

log (Y/L) f a + b log IV + c log Z 

and 
log (V/L) = a' + Y' log IV + c' log Z 

where Y and V are, respectively, gross out
put and value-added in argiculture; L is 
labor; W is the wage rate (measured by
output); Z is the shorthand notation for non
conventional variables which shift the pro
duction function (general and technical edu
cation, in the case of this study). It is well 
knownthat under competitive factor markets 
bor b' measures the elasticity of substitution 
(between labor and the aggregate of other 
conventional inputs, including current in
puts, in the case of b; or between labor and 
capital in the case of b'). Also, c or c' mea
sures k(1-b) where k is the exponential co
efficient of Z, if Z isspecified as a multiplica
tive shifter of the original CES production
function (see articles by Arrow et al., and 
by Hayami 1970). 

Therefore, in order to accept the hypoth
esis of unitary elasticity of substitution, 
a) the estimated parameters of b and b' 
should not be significantly different from 
one, and b) the estimated parameters of c 
and d should not be significantly different 
from zero. 

The results of estimation from the avail
able data of 22 countries for 1960 (1957-62
averages) are summarized in Table A. This 
analysis was conducted exclusively by the 
1960 set of data because the value-added 

series were not available for 1955 and 1965. 
Availability of wage data limited the sample 
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TAzUz A-EsIsArms OF Tm ELASTICITV OF SUBSTITuTioN FUNCTON ON 
CIOSS-COUNTRY DATA, 1957-62 AvEw.oEs 

Regres. Dependent Coefficients of: 
sion variable Wage General Education 

number 
Current
(19S7-
62 av.) 

Lagged
(19S2-

56 av.) 
Literacy 

ratio 
Sch. enrol. 

ratio 
Technical 
education 

Cod, of 
det. 

S.E. of 
estimate 

(Al) Y/L 1.152 0.878 0.175 
(0.094) 

(A2) YIL 1.112 0.736 0.258 
(0.145) 

(A) VIL 1.101 0.131 0.872 0.179 
(0.159) (0.331) 

(A4) YIL 1.106 0.162 0.872 0.179 
(0.151) (0.408) 

(AS) YIL 0.927 
(0.196) 

0.155 
(0.322) 

0.124 
(0.085) 

0.879 0.174 

(A6) YIL 0.962 
(0.180) 

0.107 
(0.400) 

0.119 
(0.086) 

0.878 0.175 

(A7) VIL 1.047 0.864 0.171 
(0.098) 

(AS) VIL 1.002 0.709 0.250 
(0.149) 

(A9) VIL 1.039 0.018 0.855 0.176 
(0.165) (0.331) 

(A10) VIL 1.039 0.024 0.855 0.176 
(0.160) (0.411) 

(All) VIL 0.886 
(0.209) 

0.050 
(0.328) 

0.102 
(0.087) 

0.858 0.174 

(A12) VIL 0.908 
(0.194) 

-0.006 
(0.407) 

0.101 
(0.087) 

0.88 0.175 

Source: Hayami and associates.

Nolae: Equations linear In logarithms are estimated by the least squares. The standard errors of coefficients are In
 
parentheses.

Countries included in the sampleare 22: Austria, Belgium, Canada, Ceylon, Denmark, Finland, France, Germany,
India, Ireland, Japan, Mauritius, Mexico, New Zealand, Norway, Peru, Philippines, Portugal, Sweden, Turkey,United Kingdom and the United States. Finland, Norway, and Sweden are not Included In the sample for the esti
mation of regressions A7-A12.

Definitions of variables are the same as in Table I except: V: Value-added in agriculture in thousand wheat units;Wage: Farm wage rate per day per male worker Including board In U.S. dollars, converted from native currency by
official exchange rates. 

size to 22. Finland, Norway, and Sweden ble estimates of value-added for these three 
were discarded from the sample in the value- countries (see Hayami and associates). Two 
added term analysis because of the implausi- sets of wage data were tried for estimation: 
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current wage rate (Wt: 1957-62 averages) 
and lagged wage rate (Wt.-: 1952-56 aver-
ages). 

The lagged wage rate was tried to de-
termine whether the adjustment might not 
be instantaneous. The results are quite
similar, however, because there is a high
correlation between current wage and lagged 
wage. The Koyck-Nerlove type of dis-
tributed lag model was also tried. The results 
were implausible, however, probably because 
of high intercorrelation between the wage 
rate and the lagged dependent variables. 

Both in gross output terms and in value. 
added terms the results of estimation are 
consistent with the unitary elasticity of sub-
stitution hypothesis: a) the coeficients of 
wage rate are not significantly different from 
one and b) the coefficients of shift variables, 
general and technical education, are not 
significantly different from zero at conven-
tional significance levels. There is little 
evidence against the use of the Cobb-Doug-
las production function for the cross-country 
analysis of agricultural production. Such a 
conclusion seems consistent with the results 
derived from the cross-regional analysis of 
agricultural production in the United States 
by Griliches and in Japan by Hiromitsu 
Kaneda, although their results are less con-
clusive with some of the estimates of bbeing 
significantly different from one and some of
significantly difcferentifrotlyneiandrsotefoom
the estimates of csignificantly different from 
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