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10 International Comparisons
of Productivity in Agriculture
Saburo Yamada and Vernon W. Ruttan

10.1 Introduction

The purpose of this paper is to extend the earlier analysis of the
sources and direction of agricultural productivity growth over time and
of agricultural productivity differences among countries which Yujiro
Hayami and Vernon W. Ruttan presented in their book on Agricultural
Development: An International Perspect.:ve.' In the Hayami-Ruttan
study the induced innovation hypothesis was tested against the historical
experience of agricultural productivity growth in Japan and the United
States for the period 1880—1960. In this paper it has been possible to
include four additional countries—Denmark, France, Germany, and the
United Kingdom—in the analysis and to extend the analysis for all six
countries to 1970. In the Hayami-Ruttan study the analysis of the
sources of productivity differences among countries was based on cross
section data centered on 1960. In this paper it has also been possible
to analyze the sources of productivity differences among countries using
data centered on 1970, and to compare the results with the earlier
analysis.

The extensions of the time series analysis to four additional countries
and of the time series and cross-section analysis to 1970 adds impor-
tantly to our understanding of the interrelationships among changes in
relative factor prices, technical change, productivity growth, and agri-
cultural development. The initial test of the induced innovation hypothe-
sis was based on the historical experience of agricultural productivity
growth in two countries—the United States and Japan—with extreme
differences in relative factor endowments and factor prices. The addition

1. Yujiro Hayami and Vernon W. Ruttan, Agricultural Development: An Inter-
national Perspective (Baltimore: The Johns Hopkins University Press, 1971).
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of the four European countries permits a test of the induced innovation
hypothesis against the experience of countries characterized by less ex-
treme differences in relative factor endowments and prices. prq

The addition of time series and cross section data for 1970 permits by
an extension of the analysis to include a period characterized by rapid
productivity growth in a number of developed and developing countries.
In the developed countries of western Europe and Japan completion of of
the process of agricultural mechanization led to rapid increases in output
per worker during the 1960—70 decade. In several developing countries
the new seed-fertilizer or "green revolution" technology, combined with ted
continued decline in fertilizer prices, permitted rapid growth of land Thi
productivity during the latter half of the decade.

Both the theoretical foundations on which productivity accounting
rests and the precision of productivity measurement have been subject
to continuous debate. The debates have focused primarily on problems
of index number construction, the proper accounting for depreciation, cult
and the incorporation of inputs not adequately measured in conventional frafl

national accounting systems. Even while the elaboration of the theory Sab

and method of productivity and growth accounting has been going for-
ward, the several "partial" and "total" productivity measures available u
have been providing new insights into the process of economic growth.
They have also served as useful instruments in development planning See

and policy, and

The comparisons presented in this paper are based primarily on par-
tial productivity measures—output per worker and output per hectare. md
Our attempts to "account" for differences in productivity over time and l9d
among countries also focus on these partial productivity ratios. Total AgI
productivity estimates are available for the agricultural sector for a of

number of developed and developing countries.2 However, it has been

2. For a survey of international productivity comparisons see Irving B. Kravis,
"A Survey of International Comparisons of Productivity," Economic Journal 86
(March 1976) :1—44. See also the literature survey by Willis Peterson and Yujiro
Hayami, "Technical Change in Agriculture," in Lee R. Martin, ed., A Survey of
Agricultural Economics Literature, vol. 1 (Minneapolis: University of Minnesota HaPress, 1977), pp. 498—540.

In the United States partial and total productivity indexes for the agricultural
sector are published annually by the U.S. Department of Agriculture. For the
most recent data see Changes in Farm Production and Efficiency: 1974 (Washing- Eton: U.S. Department of Agriculture, Statistical Bulletin No. 233, August 1975).
Data for earlier years are available in R. A. Loomis and 0. T. Barton, Produc-
tivity of Agriculture, United States, 1870—1958 (Washington: U.S. Department of arAgriculture, Technical Bulletin No. 1238, 1961). We do not know of any other
national or international agency which publishes annual output, input, and partial
and total productivity data for the agricultural sector.

An incomplete list of published total productivity studies for developed coun-
tries includes the following: I. F. Furniss, "Agricultural Productivity in Canada:
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possible to mine a richer lode of development experience by focusing
our efforts on partial productivity ratios. The significance of the partial
productivity measures for development theory and policy is enhanced
by interpreting this experience within the framework of the induced in-
novation hypothesis.3

In agriculture it has appeared consistent with the technical conditions
of production to consider growth in land area per worker and output
per worker as "somewhat independent, at least over a certain range."45
Increases in output per worker can be achieved through advances in
technology which enable the land area cultivated per worker to rise.
This is typically achieved by substitution of more efficient sources of

Two Decades of Gains," Canadian Farm Economics 5 (1970): 16—27; R. Young;
"Productivity Growth in Australian Rural Industries," Quarterly Review of Agri-
cultural Economics 27 (1973): 185—205; J. C. Toutain, Le Produit de l'agriculture
francaise, 1700 a 1958. (Paris: L'lnstitut de Science Economique Appliquée, 1961);
Saburo Yamada, "Changes in Conventional and Nonconventional Inputs in Japa-
nese Agriculture since 1880," Food Research Institute Studies, 7 (1967): 372—413;
Y. Hayami et aL, A Century of Agricultural Growth in Japan (Minneapolis:
University of Minnesota Press, 1975; Tokyo: University of Tokyo Press, 1975).

There are also several total productivity studies for less developed countries.
See, for example, the studies of Taiwan (by Lee and Chen), Korea (by Ban),
and the Philippines (by Chrisostomo and Barker) in Yujiro Hayami, Vernon W.
Ruttan, and Herman Southworth, eds., Agricultural Growth in Japan, Taiwan,
Korea and the Philippines (Honolulu: The University Press of Hawaii, 1979); for
India by Tara Shukla, Capital Formation in indian Agriculture (Bombay: Vora,
1965) and by Robert E. Evenson and Dayanatha Jha, "The Contribution of the
Agricultural Research System to Agricultural Production in India," Indian Journal
of Agricultural Economics, 27 (October—December 1973): 212—30; see also the
cross section analysis for Asian countries by Saburo Yamada, A Comparative
Analysis of Asian Agricultural Productivizies and Growth Patterns (Tokyo: Asian
Productivity Organization, 1975).

3. The induced innovation framework and the role of induced innovation in
the process of agricultural development is elaborated in Hayami and Ruttan, Agri-
cultural Development; Hans P. Binswanger and Vernon W. Ruttan, eds., Induced
Innovation: Technology, Institutions and Development (Baltimore: The Johns
Hopkins University Press, 1978). For a critical review of the theory of induced
innovation see Hans P. Binswanger, "A Microeconomic Approach to Induced
Innovation," Economic Journal 84 (December 1974): 940—58.

4. Zvi Griliches, "Agriculture: Productivity and Technology," international
Encyclopedia of the Social Sciences, vol. 1 (New York: Macmillan and Free
Press, 1968), pp. 241—45.

5. The two partial productivity measures are linked through the ratio of land
area per worker, Thus:

YAYLLA'
where Y = output, L = labor, A = land area, and Y/L = labor productivity, AlL
= land area per worker, and Y/A = land productivity.

p
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power (animal, mechanical, electrical) and more equipment per worker,
For expositional purposes it is useful to refer to those technologies
which substitute for labor as mechanical technology. Increases in output
per worker can also be achieved through increases in land productivity,
if the rate of increase in output per hectare exceeds the rate of change
in the number of workers per unit of land area. It is useful to refer to
those technologies which increase output per hectare as biological tech-
nology.

In the Hayami-Ruttan induced innovation model the process of tech-
nical change can be described in terms of a series of shifts of and along
innovation possibility curves.6 In figure 10.1 (left), for example, rep-
resents the land/labor isoquant of the metaproduction function (MPF)
in time zero. It is the envelope of less elastic isoquants such as corre-
sponding, for example, to different types of harvesting machinery.
is the innovation possibility curve (IPC) of time period one. A certain
technology represented by reaper, for example—is invented when
a price ratio, BB, prevails for some time. When this price ratio changes
from BB to CC, another technology represented by 11—for example the
combine—is invented. Similar inducements in the livestock sector might
be represented by the invention of a succession of more highly automated
animal-feeding systems.

The new technology represented by which permits an expansion in
land area per worker is generally associated with higher animal or me-
chanical power inputs per worker. This implies a complementary rela-
tionship between land and power, which may be illustrated by the line
(A,M). It is hypothesized that mechanical innovation involves the sub-
stitution of land and power for labor in response to a change in the wage
rate relative to land and machinery prices.

6. We no longer use the term "metaproduction function" to describe innovation
possibility curves as in the empirical work of Hayami and Ruttan (Agricultural
Development). We now define the metaproduction function (MPF) as the en-
velope of the production points for the most efficient countries. It describes a
technological frontier which countries now lying inside it can achieve by appro-
priate borrowing, adaptive research activities, and investment in human capital,
extension, and rural infrastructure.

The innovation possibility curve (IPC), on the other hand, can be regarded as
the envelope of neoclassical production functions which might be invented. Each
number of the set of innovation possibility curves corresponds to a given budget,
and the larger the budget, the closer the IPC lies to the origin of the isoquant
map. The IPC corresponding to an unlimited research budget is the "scientific
frontier." It is unlikely that applied research will ever be carried to that frontier,
however, due to diminishing returns to research. The scientific frontier shifts with
advances in the basic sciences and this shift carries with it a shift in the whole set
of IPCs, but not of the MPF. However, shifts in the IPCs make shifts of the MPF
easier or less costly to achieve.

4
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Fig. 10.1 Factor prices and induced technical change. Adopted from
Hayami and Ruttan, Agricultural Development, p. 126.

The process of advance in biological technology is also illustrated in
figure 1 (right panel), where i1, represents the land fertilizer isoquant
of the metaproduction function. The metaproduction function is the
envelope of less elastic isoquants such as i0 which correspond, for ex-
ample, to crop varieties characterized by different levels of fertilizer
responsiveness. A decline in the price of fertilizer is regarded as induc-
ing a response by plant breeders to develop more fertilizer-responsive
crop varieties, which might be described by the isoquant i1 along the
IPC i1, and by farmers to adopt the new varieties as they become
available.

The complementary relationship between biological technologies and
fertilizer use, represented by (F,B), also extends to the protective chem-
icals (insecticides, herbicides) and the institutional innovations asso-
ciated with the marketing and delivery of chemical inputs and services.
Similarly, in livestock production a decline in the price of concentrated
feedstuffs (oilcake, fish meal, urea) has induced animal nutritionists
and breeders to direct their efforts to the development of feedstuffs
which incorporate a higher percentage of the lower cost proteins and to
select and breed for lines which have a more rapid rate of gain when
fed the new rations. Complementarity between breeding and nutrition
also extends to related biological and chemical technologies in the area
of animal health.

'0

'0

[AM]
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10.2 Resource Endowments and Productivity Growth in
Six Developed Countries

Data showing differences among countries and changes over time in
output and in factor productivity, endowments, and prices for the agri-
cultural sectors of Japan, Germany, Denmark, France, the United King-
dom, and the United States for 1880—1970 are shown in tables 10.1 and
10.2 and in figures 10.2 and 10.3. The more detailed data on which the
tables and figures rest are presented in an appendix to this chapter.

In 1880 agricultural land per male worker ranged from 0.66 hectares
in Japan to 25.4 hectares in the United States. Variations in the price
of land and labor varied inversely with resource endowments. In the
United States 181 days of labor, at hired farm labor wage rates, were
required to earn enough to purchase one hectare of arable farm land.7
In Japan it required 1,874 days. Land was approximately half as expen-
sive relative to labor in Germany and the United Kingdom as in Japan
and was even less expensive in France and Denmark.

Variations in output per hectare among countries were inversely re-
lated to land per worker and positively related to the price of land per

Output per hectare was approximately 0.5 wheat units in the
United States, 1.1—1.3 wheat units in the four European countries, and
2.9 wheat units in Japan. Variations in output per hectare were suffi-
cient to only partially offset the variations in land per worker. Output
per male worker varied directly with land area per worker, ranging from
1.9 wheat units in Japan to 16.2 in the United Kingdom and 13.0 in the
United States.

Limitations in resource endowments were apparently not a major
constraint on growth of agricultural output over the period 1880—1970,
even in countries with the most limited land resource endowments. The
most rapid growth was experienced by Denmark, where output grew
from an index of 100 in 1880 to 459 in 1970, and the slowest by the
United Kingdom, where output rose from an index of 100 to 236 during
the same period. Japan, Germany, and the United States experienced
roughly comparable rates of growth in output.

7. Definitions of agricultural land are not strictly comparable among countries
and over time, but generally include all land in farms, including cropland used for
crops, pasture, and fallow plus permanent pasture.

Arable land generally includes only cropland used for crops, pasture, and fallow.
Over time land may be added to the arable land class as a result of investment
in clearing, drainage, terracing, irrigation, and fencing. in 1880 such investments
in land development were much more intensive in Japan, Germany, Denmark,
France and the United Kingdom than in the United States. in general it is useful
to think of agricultural land as a factor created by investment rather than as an
"original" factor of production. Data on agricultural land area are more generally
available than for arable land area. Data on land prices are more generally avail.
able for arable land.
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Fig. 10.2 (diagonals are land/labor ratios). Source: Appendix A.
Agricultural output in six countries (in logs), 1880—1970.

In Japan agricultural output grew at 1.6% per year during 1880—
1930 and at approximately the same rate during 1930—70. During the
earlier period growth in output per hectare accounted for approximately
70% of the growth in total output and over two-thirds of the growth
in output per worker. After 1930 growth in output per hectare rose
more rapidly than total output. Increases in land area per worker be-
came a more important source of growth in output per worker than
output per hectare, particularly after 1960.8

In Germany agricultural output grew at approximately 1.3% per year
during 1880—1930 and at 1.93% per year between 1930 and 1970.
Growth in output per hectare accounted for the entire increase in output

8. For a detailed analysis of the sources of agricultural productivity growth in
Japan see Yujiro Hayami et al., A Century of Agricultural Growth.

YEAR

e
g
d

r

S



between 1880—1970. Between 1880 and 1930 output per hectare also
accounted for most of the increase in output per worker. After 1930
declining employment in agriculture permitted a significant contribution
to output per worker from increases in land area per worker.9

Among the six countries the rate of growth of both total agricultural
output and output per hectare between 1880 and 1930 was highest in
Denmark. It was also the only country which experienced a decline in
land area per worker. Output per hectare rose more rapidly than output
per worker, but slightly less rapidly than total output. Denmark was
also the only country in which output per hectare rose less rapidly dur-
ing 1930—70 than during 1880—1930. Output per worker continued to
rise relatively rapidly, however, as a result of a reduction in the number
of workers employed in agriculture.10

9. For an extensive review of the literature on agricultural growth in Germany
see Adolf Weber, "Productivity of German Agriculture: 1850 to 1970" (Saint
Paul: University of Minnesota Department of Agricultural and Applied Econom-
ics, Staff Paper 73—1, August 1973).

10. For a very useful review of Danish agricultural policies over the 1870—1970
period see Karen J. Friedman, "Danish Agricultural Policy, 1870-1970: The
Flowering and Decline of a Liberal Policy," Food Research Institute Studies 13
(1974): 225—38. During the early part of the period, Denmark was shifting rap-
idly from a crop-based agriculture to a more intensive crop-livestock system.
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Fig. 10.3

0.02 503 .01 .03 .06 .07.01.09W .2
A S 0 I 0 U T P U I S A I I 0

Input-output ratios for six countries (in logs), 1880—1970

I-0'

09

1:

I

ci

j



Y
ea

r
Ja

pa
n

G
er

m
an

y
D

en
m

ar
k

Fr
an

ce
U

ni
te

d
K

in
gd

om
U

ni
te

d
St

at
es

A
gr

ic
ul

tu
ra

l o
ut

pu
t

18
80

10
0

10
0

10
0

10
0

10
0

10
0

in
de

x 
(Y

)
19

30
19

60
19

70

22
3

33
4

42
8

19
2

31
6

41
2

27
9

42
2

45
9

14
6

23
5

33
4

11
1

18
5

23
6

20
4

34
0

40
3

A
gr

ic
ul

tu
ra

l o
ut

pu
t

18
80

1.
89

7.
9

10
.6

7.
4

16
.2

13
.0

pe
r m

al
e 

w
or

ke
r i

n
19

30
4.

60
16

.0
24

.1
13

.2
20

.1
22

.5

w
he

at
 u

ni
ts

 (Y
IL

)
19

60
19

70
8.

41
15

.7
7

35
4

65
.4

47
.5

94
.4

33
.4

59
.9

45
.3

87
.6

88
.8

15
7.

4

A
gr

ic
ul

tu
ra

l o
ut

pu
t

18
80

2.
86

1.
25

1.
19

1.
06

1.
10

0.
51

3
pe

r h
ec

ta
re

 o
f a

gr
i-

19
30

5.
06

2.
47

2.
95

1.
50

1.
18

0.
55

5
cu

ltu
ra

l l
an

d 
in

19
60

7.
44

4.
01

4.
65

2.
48

1.
94

0.
81

1
w

he
at

 u
ni

ts
 (Y

/A
)

19
70

10
.0

3
5.

40
5.

27
-

3.
70

-
2.

61
0.

98
1

A
gr

ic
ul

tu
ra

l l
an

d
18

80
0.

65
9

6.
34

8.
91

6.
96

14
.7

25
.4

pe
r m

al
e 

w
or

ke
r i

n
19

30
0.

90
8

6.
46

8.
18

8.
80

17
.0

40
.5

he
ct

ar
es

 (A
lL

)
19

60
19

70
1.

13
1

1.
57

3
8.

83
12

.2
0

10
.2

1
17

.9
2

13
.4

4
16

.1
9

23
.3

33
.5

10
9.

5
16

0.
5

D
ay

so
fla

bo
rto

bu
y

18
80

1,
87

4
96

7
38

2
78

0
99

5
18

1
on

e 
he

ct
ar

eo
f

19
30

2,
92

0
58

9
22

8
26

2
18

9
11

5
ar

ab
le

la
nd

(P
A

/P
J)

19
60

19
70

2,
95

4
1,

31
5

37
8

24
4

16
6

17
7

16
6

21
2

21
1

20
3

10
8

10
8

N
O

TE
S

O
ne

 w
he

at
 u

ni
t i

s e
qu

iv
al

en
t t

o 
on

e 
to

n 
of

 w
he

at
. T

he
 m

et
ho

d 
of

 c
on

st
ru

ct
in

g 
ou

tp
ut

 m
ea

su
re

s i
n 

te
rm

s o
f w

he
at

 u
ni

ts
 is

 d
es

cr
ib

ed
 in

Y
uj

iro
 H

ay
am

i a
nd

 V
er

no
n 

W
. R

ut
ta

n,
 A

gr
ic

ul
tu

ra
l D

ev
el

op
m

en
t: 

A
n 

In
te

rn
at

io
na

l P
er

sp
ec

tiv
e 

(B
al

tim
or

e:
 T

he
 Jo

hn
s H

op
ki

ns
 U

ni
ve

rs
ity

Pr
es

s,
1
9
7
1
)
,
 
p
p
.
 
3
0
8
—
2
5
.

D
e
f
i
n
i
t
i
o
n
s
 
o
f

ag
ric

ul
tu

ra
l
l
a
n
d
 
a
r
e
 
n
o
t
 
s
t
r
i
c
t
l
y
 
c
o
m
p
a
r
a
b
l
e
 
a
m
o
n
g
 
c
o
u
n
t
r
i
e
s
 
a
n
d

ov
er

 ti
m

e,
 b

ut
 g

en
er

al
ly

 in
cl

ud
e 

al
l l

an
d 

in
 fa

rm
s,

i
n
-

cl
ud

in
g 

cr
op

 la
nd

 u
se

d 
fo

r c
ro

ps
, p

as
tu

re
, a

nd
 fa

llo
w

 p
lu

s p
er

m
an

en
t p

as
tu

re
.

In
 D

en
m

ar
k 

th
e 

la
nd

 p
ric

e 
in

cl
ud

es
 th

e 
va

lu
e 

of
 a

gr
ic

ul
tu

ra
l l

an
d 

an
d 

bu
ild

in
gs

.
SO

U
R

C
E:

 D
at

a 
ar

e 
fr

om
 A

pp
en

di
x 

A
.

F

-,
I

r
0 

0

T
ab

le
10

.1
A

gr
ic

ul
tu

ra
l O

ut
pu

t, 
Fa

ct
or

 P
ro

du
ct

iv
ity

, F
ac

to
r E

nd
ow

m
en

ts
, a

nd
 F

ac
to

r P
ric

e 
R

at
io

s i
n 

Si
x 

C
ou

nt
rie

s, 
18

80
—

19
10



Ta
bl

e 
10

.2
A

nn
ua

l R
at

es
 o

f C
ha

ng
e 

In
 A

gr
ic

ul
tu

ra
l O

ut
pu

t, 
Fa

ct
or

 P
ro

du
ct

iv
ity

, a
nd

Fa
ct

or
 E

nd
ow

m
en

ts
 in

 S
ix

 C
ou

nt
rie

s, 
18

80
—

19
70

U
ni

te
d

U
ni

te
d

Ja
pa

n
G

er
m

an
y

D
en

m
ar

k
Fr

an
ce

K
in

gd
om

St
at

es

18
80

—
19

70
A

gr
ic

ul
tu

ra
l o

ut
pu

t (
Y

)
1.

63
1.

59
1.

71
1.

35
0.

96
1.

56
O

ut
pu

t p
er

 w
or

ke
r (

Y
IL

)
2.

39
2.

48
2.

46
2.

35
1.

89
2.

81
O

ut
pu

t p
er

 h
ec

ta
re

 (Y
IA

)
1.

40
1.

64
1.

67
1.

40
0.

96
0.

72
La

nd
 p

er
 w

or
ke

r (
A

lL
)

0.
97

0.
73

0.
78

0.
94

0.
92

2.
07

18
80

—
19

30
A

gr
ic

ul
tu

ra
l o

ut
pu

t (
Y

)
1.

62
1.

31
2.

07
0.

76
0.

21
1.

44
O

ut
pu

t p
er

 w
or

ke
r (

(Y
IL

)
1.

79
1.

42
1.

66
1.

16
0.

43
1.

10
O

ut
pu

t p
er

 h
ec

ta
re

 (Y
IA

)
1.

15
1.

37
1.

83
0.

70
0.

14
0.

16
La

nd
 p

er
 w

or
ke

r (
A

lL
)

0.
64

0.
04

—
0.

17
0.

47
0.

29
0.

94

19
30

—
70

A
gr

ic
ul

tu
ra

l o
ut

pu
t (

Y
)

1.
64

1.
93

1.
25

2.
09

1.
91

1.
72

O
ut

pu
t p

er
 w

or
ke

r (
Y

IL
)

3.
13

3.
81

3.
47

3.
85

3.
74

4.
98

O
ut

pu
t p

er
 h

ec
ta

re
 (Y

/A
)

1.
73

1.
97

1.
44

2.
28

2.
00

1.
43

La
nd

 p
er

 w
or

ke
r (

A
lL

)
1.

38
1.

60
1.

98
1.

54
1.

71
3.

50

19
30

—
60

A
gr

ic
ul

tu
ra

l o
ut

pu
t (

Y
)

1.
36

1.
67

1.
39

1.
60

1.
72

1.
72

O
ut

pu
t p

er
 w

or
ke

r (
Y

/L
)

2.
03

2.
68

2.
29

3.
14

2.
75

4.
68

O
ut

pu
t p

er
 h

ec
ta

re
 (Y

IA
)

1.
29

1.
63

1.
53

1.
69

1.
67

1.
27

La
nd

 p
er

 w
or

ke
r (

A
lL

)
0.

73
1.

05
0.

74
1.

42
1.

06
3.

37

Ta
bl

e 
10

.2
 (c

an
t.)



I.U
.J

V
.1

4
1.

42
1.

06
3.

37

L
Ta

bl
e 

10
.2

 (c
an

t.)

Ja
pa

n
G

er
m

an
y

D
en

m
ar

k
Fi

an
ce

U
ni

te
d

K
in

gd
om

U
ni

te
d

St
at

es

19
60

—
70

A
gr

ic
ul

tu
ra

l o
ut

pu
t

(Y
)

2.
51

2.
69

0.
84

3.
58

2.
45

1.
71

O
ut

pu
t p

er
 w

or
ke

r
(Y

/L
)

6.
49

6.
35

7.
11

6.
02

6.
82

5.
89

O
ut

pu
t p

er
 h

ec
ta

re
(Y

/A
)

3.
03

3.
02

1.
26

4.
08

3.
01

1.
92

La
nd

 p
er

 w
or

ke
r (

A
lL

)
3.

35
3.

29
5.

79
1.

88
3.

69
3.

90

N
O

TE
S:

O
ne

 w
he

at
 u

ni
t i

s e
qu

iv
al

en
t t

o 
on

e 
to

n 
of

 w
he

at
. T

he
 m

et
ho

d 
of

 c
on

st
ru

ct
in

g 
ou

tp
ut

 m
ea

su
re

s i
n 

te
rm

s o
f w

he
at

 u
ni

ts
 is

 d
es

cr
ib

ed
 in

Y
uj

iro
 H

ay
am

i a
nd

 V
er

no
n 

W
. R

ut
ta

n,
 A

gr
ic

ul
tu

ra
l D

ev
el

op
m

en
t: 

A
n 

in
te

rn
at

io
na

l P
er

sp
ec

tiv
e 

(B
al

tim
or

e:
 T

he
 Jo

hn
s H

op
ki

ns
 U

ni
ve

rs
ity

Pr
es

s, 
19

71
), 

pp
. 3

08
—

25
.

D
ef

in
iti

on
s o

f a
gr

ic
ul

tu
ra

l l
an

d 
ar

e 
no

t s
tri

ct
ly

 c
om

pa
ra

bl
e 

am
on

g 
co

un
tri

es
 a

nd
 o

ve
r t

im
e,

 b
ut

 g
en

er
al

ly
 in

cl
ud

e 
al

l l
an

d 
in

 fa
rm

s, 
in

-
cl

ud
in

g 
cr

op
 la

nd
 u

se
d 

fo
r c

ro
ps

, p
as

tu
re

, a
nd

 fa
llo

w
 p

lu
s p

er
m

an
en

t p
as

tu
re

.
In

 D
en

m
ar

k 
th

e 
la

nd
 p

ric
e 

in
cl

ud
es

 th
e 

va
lu

e 
of

 a
gr

ic
ul

tu
ra

l l
an

d 
an

d 
bu

ild
in

gs
.

-
-

I

So
uR

cE
: D

at
a 

ar
e 

fr
om

 A
pp

en
di

x 
A

.

-J



520 Saburo Yamada/ Vernon W. Ruttan

France experienced the most dramatic transition of any of the six
countries between 1880—1930 and 1930—70. During the earlier period
French agriculture was essentially static. Output grew at less than 0.8%
per year and output per hectare at 0.7% per year.'1 Both output and
productivity growth accelerated after World War 11. Between 1960 and
1970 France achieved a 3.6% annual rate of growth in agricultural out-
put (the highest among the six countries). r

The United Kingdom experienced the slowest rate of growth of agri- ft
cultural output and of output per worker among the six countries during te
1880—1930. The rate of growth of agricultural output rose from 0.2%
per year in 1880—1930 to 1.9% per year in 1930—70. Output per worker f
rose from 0.4 to 3.7% per year and output per hectare from 0.1 to
2.0% per year. By the 1960s the United Kingdom was beginning to a
make a relatively successful transition from the earlier period of stagna- etion to higher modern growth rates in output and productivity. The a
United Kingdom has, however, been somewhat less successful than a
France in making the transition to modern growth rates in the agricul- r
tural Sector.'2 f

The United States has been on a quite different growth path than the
1

other five countries throughout the period 1880—1970. The rate of
growth in total output lagged relative to Denmark and Japan in 1880— a41930 and relative to Germany and France in 1930—70. Output per
worker grew less rapidly than any of the other countries except Great
Britain during 1880—1930, but more rapidly than any of the other coun-
tries during 1930—70. Output per hectare lagged relative to all other
countries except Great Britain in 1880—1930 and relative to all coun-
tries other than Denmark during 1930—70. The distinguishing feature
of U.S. agricultural development has been the primary reliance on
growth in land area per worker as a source of growth in output per d
worker over the entire period 1880—1970.

The periods for which data are presented in tables 10.1 and 10.2,
1880—1930 and 1930—70, are not ideal for all countries. Some of the
distortions involved in selecting a common date such as 1930 for
"epochal" comparisons can be visualized from figure 10.2 in which the
data are plotted by decades (five-year averages centered each decade). d
For some countries, particularly Germany, France and Japan, growth
accelerated after a long period of relative stagnation that did not end

ti'
11. This apparently represented a decline in the rate of growth of output from at

approximately 1.1% per year during the preceding 60 years. William H. Newell, r"The Agricultural Revolution in Nineteenth Century France," The Journal of
Economic History 33 (December 1973): 710. L

12. See William W. Wade, "Institutional Determinants of Technical Change and 0
Productivity Growth: Denmark, France and Great Britain, 1870—1965," Ph.D.
diss., University of Minnesota, 1973. h

p
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;ix until after World War II. Yet selection of 1950 as a comparison base
would have also introduced significant distortions.

In figure 10.3 we have brought together the long-term trends in land
id per unit of output, labor per unit of output, and land area per worker.

The diagonal lines represent constant land/labor ratios. Movements of
it- land/output and labor/output ratios toward the lower left-hand corner

represent improvements in the two partial productivity ratios resulting
1- from yield-increasing (or biological) and labor-saving (or mechanical)

technology (see fig. 10.1). An isoquant drawn through the 1970 input-
output points describes what might be regarded as a metaproduction

er function (MPF). The innovation possibility curve (IPC) which de-
:0 scribes the technology that would be feasible, given existing scientific
:o and technical knowledge, would stand farther to the left. Investment in

experiment station and industrial capacity is necessary to embody the
available technical and scientific knowledge in improved crop varieties,
animals, chemicals, and equipment in order to make the productivity
ratios described by the 1970 metaproduction function available to
farmers in countries whose productivity ratios are to the right of the
1970 metaproduction function.

Several generalizations emerge from the data presented in table 10.1
and in figures 10.2 and 10.3.

First, it is clear that there were enormous differences in factor endow-
ment ratios among the six countries in 1880, and that these differences
remain large in 1970. Yet all six countries have experienced a decline

r in labor intensity, whether measured in terms of labor per unit of output
or in terms of land per worker. During the 1880—1970 period, Denmark
was the only country that experienced a sustained decline in land per
worker, comparable to the decline currently being experienced in many
developing countries today.

Second, those countries in which land area per worker was relatively
limited in 1880 depended primarily on increases in agricultural output
per hectare as a primary source of growth in agricultural output through-
out most of the period since 1880. Increases in land area per worker in
these countries in recent decades have been associated primarily with
declines in the number of agricultural workers rather than an increase
in land area.

Third, the countries in which land area per worker has been rela-
tively limited have been able to achieve rates of growth in total output
and in output per worker that have been roughly comparable to the
rates achieved by countries with more favorable resource endowments.
Limitation on land per worker has apparently not represented a critical
constraint on capacity for growth in agricultural output.

Fourth, the growth rates of agricultural output, and of output per
hectare and output per worker, have risen sharply in most countries
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since 1930. In some countries these higher growth rates represent the
acceleration of trends that were already apparent. In others they repre- is
sent a sharp transition from earlier experiences. Modern growth rates
range in the neighborhood of 2—4% per year in output, over 5% per r
year in output per worker, and 2—4% per year in output per hectare.
This is in contrast to growth rates of output and productivity that were m
typically less than 2% per year before 1930. re

10.3 Factor Prices and Factor Use in Six Developed Countries

In this section the relationships between factor prices and the patterns G
of factor use associated with growth in output per hectare and in output
per worker in the six countries are explored more formally than in the 1

previous section. so

10.3.1 Biological Technology
The model of biological technology outlined earlier in this chapter fe

(fig. 10.1) suggests that a decline in the price of fertilizer relative to the
price of land can be expected to induce a rise in fertilizer use per hec- ce!
tare as a result of a movement to the right along the short-run produc-
tion function (i0). It can also be expected to induce advances in crop ral
technology, such as the development and introduction of more fertilizer-
responsive crop varieties, which can be characterized by a new short-run
production function to the right of and below i0, along the innovation su
possibility curve (IPC) i1, such as i1. A strong negative relationship is
hypothesized between the price of fertilizer relative to land (PP/PA)
and fertilizer use per hectare (F/A). All

Changes in the price of labor relative to the price of land are also
expected to have an impact on the level of fertilizer use per hectare. As he
the price of labor rises relative to the price of the land, farmers can be as
expected to attempt to reduce labor input per unit of land by substi- to
tuting fertilizer and other chemical inputs such as herbicides and insec- to
ticides for more labor-intensive husbandry practices. A decline in the hal
price of fertilizer can also be expected to result in the substitution of
chemical fertilizers produced by the industrial sector for farm-produced
fertilizers such as animal manures and green manures. Thus a positive
relationship is hypothesized between the price of labor relative to land
(PP/PA) and fertilizer use per hectare (F/A). USI

The strong negative relationship between the fertilizer/land price ratio th
and fertilizer use per hectare for all six countries is confirmed in table thc

10.3. Given the enormous difference in the cultural and physical en- on
vironments in which farmers operate and crops are produced among ch
the six countries, and the great differences in the level of technology wc

and social organization over time in each country, the similarity in the Dr

p
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he response coefficients in table 10.3 is truly remarkable. The implication
is not only that farmers have responded in a roughly comparable man-
ner to similar factor/price ratios, but that farmers have been able to

er respond in a similar manner as a result of comparable shifts in the short-
e. run production function. This implies a similar institutional response in
re making more fertilizer-responsive crop varieties available to farmers by

research institutions in the several countries.
A positive relationship between the price of labor relative to land and

fertilizer use per hectare hypothesized above is also confirmed in table
10.3. The relationship appears to have emerged later in France and
Germany than in the other four countries.

It It seems reasonable to hypothesize that the model outlined in figure
10.1 has an analogy in the livestock as well as in the crop sector. In
some respects concentrate feeds, particularly the protein meals such as
soybean, copra, and cottonseed meal, occupy a role in livestock produc-
tion similar to fertilizer in crop production. As the price of concentrate

r feeds has declined over time they have been increasingly substituted for
e forages, hay, and other roughages. The availability of lower cost con-

centrates has led to the development of husbandry practices and to the
selection and breeding of animals to achieve earlier maturity and more
rapid rates of weight gain per day and per feed unit. In countries with

• limited land resources such as Western European countries and Japan
concentrates are usually imported, thus reinforcing their role as land
substitutes.

The relationship between the price of concentrates relative to land
hypothesized above is confirmed by the data presented in table 10.4.
Although the estimated relationships are not entirely comparable among
countries, it is clear that the rise in the use of concentrate feeds per
hectare in Germany, Denmark, and the United Kingdom has been closely
associated with a continuing decline in the price of concentrates relative
to land. It also seems clear that as the price of labor has risen relative
to the price of land in the three Western European countries, farmers
have substituted imported concentrates for labor-intensiye systems of
livestock feed production at home.

10.3.2 Mechanical Technology
The model of mechanical technology outlined earlier suggests that the

use of land per worker rises as the price of land declines relative to
the price of labor. In constructing the model it was assumed that over
the long run increases in the area cultivated per worker were dependent
on increased use of machinery and power per worker. Thus technical
changes leading to a decline in the price of machinery relative to labor
would also contribute to expansion of the area cultivated per worker.
Drawing on the model, a negative relationship is hypothesized between
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land per worker (A/L) and (a) the price of land relative to labor
(PA/PL) and (b) the price of machinery relative to labor (PM/PL).
Similarly, a negative relationship is hypothesized between the use of
power (or machinery) per worker (M/L) and (a) the price of land
relative to labor (Pi/PL) and (b) the price of machinery relative to
labor (PM/PL).

The results of the empirical tests of the hypotheses relating to me-
chanical technology are not as clear-cut as in the case of biological
technology (tables 10.5 and 10.6). The hypothesis that land area per
worker is negatively related to both the price of land relative to labor
and the price of machinery relative to labor is confirmed only in the
historical experience of the United States, the United Kingdom, and of
Germany after 1950. In all six countries, except Germany during 1880—
1913, land area per worker is, as hypothesized, negatively related to the
price of machinery relative to labor. The hypothesis that power per
worker is negatively related to both the price of land relative to labor
and the price of machinery relative to labor is confirmed in all cases
except those of Denmark, and France before 1920.

In both tests the price of land relative to labor performed less well
than the price of machinery relative to labor. And where the test was
run for both an early and a late period the results tended to be weakest
for the early period.

A closer look at these equations reveals the following: In the power
per worker equations only two coefficients have an inconsistent positive
sign and only in one case is the coefficient significantly positive. Of the
fourteen negative coefficients, on the other hand, ten are significantly so.

The land per worker equations represent the most puzzling case. Of
the eighteen coefficients six are positive, although only two are signifi-
cantly so (of the twelve negative coefficients, eight are significantly so).

SouRcEs:
aYujiro Hayami and Vernon W. Ruttan, Agricultural Development. An interna-
tional Perspective (Baltimore: The Johns Hopkins University Press, 1971).
bAdoif Weber, "Productivity in German Agriculture: 1850 to 1970," University
of Minnesota Department of Agricultural and Applied Economics, Staff Paper
73—1, August 1973, p. 23.
cWilIiam W. Wade, "Institutional Determinants of Technical Change and Agri-
cultural Productivity Growth: Denmark, France and Great Britain, 1870—1965,"
Ph.D. diss., University of Minnesota, 1973, p. 128.
cIWade, "Institutional Determinants," pp. 134, 136.
eWade, "Institutional Determinants," p. 149.

and Ruttan, Agricultural Development, p. 132, Regression (W15).
NOTE: Equations are linear in logarithms. The numbers inside the parentheses are
the standard errors of the estimated coefficients.
"Significant at 0.5 level (one-tail test); 1: inconsistent with simple induced innova-
tion hypothesis.



Table 10.4 Relationship between Use of Feed Concenfra
per Hectare and Factor Prices

tes

Coefficient of Prices of

Concentrates Labor Coefficient Standard
Relative Relative of Error of Degrees
to Land to Land Determination Estimate of

Country and Period (P,/P4) (P1/P4) (R2) (S) Freedom

Germanya (1880—1913) 3974* 0.712 0.337 31
(net oil cake imports) (0.569) (1.221)

(1950—68) 2.381* 0.973 0.337 15
(0.254) (0.255)

Denmarkb (1880—1925) 0494* 0.590 0.030 7
(all imported con-
centrates per hectare) (0.300) (0.124)

United Kingdomc 3.634* 0.970 0.137 17
(1870—1965) (all con-

centrates per hectare (0.331) (0.331)

NOTE: Equations are linear in logarithms. The numbers inside the parentheses are
the standard errors of the estimated coefficients.
SOURCES:

Weber, "Productivity Growth in German Agriculture: 1850 to 1970,"
University of Minnesota Department of Agricultural and Applied Economics, Staff
Paper 73—1, August 1973, p. 23.
"William W. Wade, "Institutional Determinants of Technical Change and Agricul-
tural Productivity Growth: Denmark, France and Great Britain, 1870—1965," Ph.D.
diss., University of Minnesota, 1973, p. 128.
C"Jnstitutional Determinants," p. 149.
* Significant at P = 0.05 (one-tail test).

Furthermore, five of the six positive coefficients are the coefficients of
the land/labor price. This raises a question of whether some systematic
irregularity prevents this price effect from manifesting itself in the ex-
pected manner. This behavior may be due to a fundamental or exoge-
nous labor-saving bias in the process of technical innovation, particularly
in Japan, France, and the United Kingdom. Such a bias could result
from biased technology transfer opportunities by these countries from
countries with higher land-labor ratios such as the United States.

The analysis presented in this section supports the hypothesis that
changes in factor use in each country have been responsive to changes
in relative factor prices. Fertilizer use per hectare has been responsive
to the price of fertilizer and of labor relative to the price of land. And
two complementary inputs—power per worker and land per worker—
have been responsive to the prices of land and machinery relative to
labor.
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Table 10.5 Relationship between Land per Worker and
Relative Factor Prices in Six Countries

'Coefficients of Prices of

Coefficient StandardLand Machinery
Relative Relative of Error of Degrees
to Labor to Labor Determination Estimate of

Country and Period (R2) (S) Freedom

Japana 0.1591 —0.219 0.751 0.016 14
(1880—1960) (0.110) (0.041)

Germanyb —0.264k 0.066*1 0.393 0.012 31

(1880—1913) (0.066)
—0.177

(0.018)
0.975 0.083 15

(1950—68) (0.139) (0.087)
Denmarkc 0.1481 0.910 0.030 9

(1910—65) (0.084) (0.072)
Franced —0.088 0.323 0.189 17

(1870—1965) (0.202)
0.050!

(0.141)
0.460 0.164 7

(1920—65) (0.226) (0.166)

United Kingdome 0.6 10 0.041 17
(1870—1925) (0.033)

0.2791

(0.070)

—0.065 0.440 0.110 6

(1925—65) (0.159) (0.256)

United 0.828 0.084 14

(1880—1960) (0.215) (0.120)

Nom: Land here means arabic land per male worker in Japan, Denmark, France,
and the United Kingdom; agricultural land per male worker in Germany and the
United States.
aYUjiro Hayami and Vernon W. Ruttan, Agricultural Development: An Interna-
tional Perspective (Baltimore: The Johns Hopkins University Press, 1971). Land
per worker (W7); power per worker (W9).

bAdoif Weber, "Productivity Growth in German Agriculture: 1850 to 1970,"

University of Minnesota Department of Agricultural and Applied Economics, Staff
Paper 73—1, August 1973, p. 24. Land per worker, regressions 6 and 7; power per
worker, regressions 4 and 5.
CWilljam W. Wade, "Institutional Determinants of Technical Change and Agricul-
tural Productivity Growth: Denmark, France and Great Britain, 1870—1965," Ph.D.
diss., University of Minnesota, 1973, p. 128.
dWilljam W. Wade, "Institutional Determinants," pp. 134, 136.
eWade, "Institutional Determinants," p. 149.

and Ruttan, Agricultural Development, p. 130. Land per worker (WI);
power per worker (W5).
*significant at P = 0.05 (one-tail test); I: inconsistent with simple induced inno-
vation hypothesis.
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Table 10.6 Relationship between Power Per Worker and Relative Factor
Prices in Six Countries

•1

lOd

Country and Period

Coefficients of Prices of

Coefficient
of
Determination
(R2)

Standard
Error of
Estimate
(5)

Degrees
of
Freedom

Land
Relative
to Labor

Machinery
Relative
to Labor

Japana
(1880—1960) (0.261)

—0.299
(0.685)

0.262 0.219 14

Germanyb
(1880—1913)

(1950—68)

(0.070)
—0.234
(0.329)

(0.020)

(0.207)

0.978

0.979

0.069

0.213

31

15

Denmarkc
(1910—65)

1.494!
(1.010) (0.861)

0.830 0.370 9

Franced
(1870—1965)

(1920—65)

1.704*1
(0.880)

—0.443
(0.976)

—0.705
(0.614)

—2.460k
(0.715)

0.160

0.550

0.810

0.705

17

7

United Kingdome
(1870—1965) (0.295) (0.527)

0.810 0.075 17

(1880—1960) (0.475) (0.266)
0.827 0.187 14

*Significant at P = 0.05 (one-tail test); I: inconsistent with simple induced inno-
vation hypothesis.
Nom: Power here means horsepower per male worker, except in Germany where
machinery investment per worker was employed.

Hayami and Vernon W. Ruttan, Agricultural Development: An ingerria-
tional Perspective (Baltimore: The Johns Hopkins University Press, 1971). Land
per worker (W7); power per worker (W9).
bAdoif Weber, "Productivity Growth in German Agriculture: 1850 to 1970,"
University of Minnesota Department of Agricultural and Applied Economics, Staff
Paper 73—1, August 1973, p. 24. Land per worker, regressions 6 and 7; power per
worker, regressions 4 and 5.
CWilliam W. Wade, "Institutional Determinants of Technical Change and Agricul-
tural Productivity Growth: Denmark, France and Great Britain, 1870—1965," Ph.D.
diss., University of Minnesota, 1973, p. 128.
dWilliam W. Wade, "Institutional Determinants," pp. 134, 136.
eWade, "Institutional Determinants," p. 149.
fHayami and Ruttan, Agricultural Development, p. 130. Land per worker (WI);
power per worker (W5).
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10.4 Agricultural Productivity Differences among Countries, 1970

In this section we explore productivity differences in agriculture
among developed and developing countries on different continents for
1970, and attempt to identify sources of productivity differences among
countries.

First, we measure the labor and land productivities in agriculture for
forty-one countries in 1970. These countries are classified into three
groups on the basis of the relative dominance of biological and mechan-
ical technology in their development experience. Second, the different
technological patterns of the three country groups are analyzed in rela-
tion to the resource endowments in each country group. Third, the labor
and land productivity ratios in agriculture for each country are related
to the extent of industrialization or development in the nonagricultural
sector of each country. Fourth, interrelationships between labor or land
productivity ratios and various factor input ratios are explored on the
basis of correlation analysis to illustrate the sources of productivity
differences among countries. Attention has been given to the same
power/labor ratios and fertilizer/land ratios that were employed in the
time series analysis. Fifth, human capital variables are related to pro-
ductivity differences among countries. And finally, intercountry cross
section production function estimates based on the 1970 data are made.
The coefficients are used to account for differences in labor and land
productivities among countries that can be attributed to variations in
factor inputs and shift variables.

10.4.1 Differences in Labor and Land Productivities
among Countries

We have referred to agricultural technologies which increase output
per worker by substitution of more efficient sources of power and equip-
ment per worker as mechanical technology and to agricultural technolo-
gies which increase output per hectare of agricultural land area as
biological technology. By comparing differences in land and labor pro-
ductivities among countries we can classify the several countries by the
intensity with which they employ the two types of technologies.

The land and labor productivities presented in table 10.7 were esti-
mated as agricultural output per hectare of agricultural land area and
per male worker in terms of wheat units for 1970 using the data com-
piled in Appendix B. The intercountry differences in these productivity
ratios are large. Measured in wheat units, agricultural output per hectare
ranged from 0.11 in Paraguay to 13.63 in Taiwan. Output per male
worker ranged from 2.4 in India to 198.2 in New Zealand.

Figure 10.4 is an intercountry cross-section map of the labor and
land productivity ratios for 1970. The wide scatter of countries on the

—F



Table 10.7 Factor Productivity and Input-Output
Ratios in Forty-one Counfrles, 1970

Output Number Output Hectares
per of male in wheat of agricul-
male workers units tural land
worker per wheat per hectare to produce
in wheat unit of of agricul- one wheat
units output tural land unit
YIL L/Y Y/A AIY

Country (1) (2) (3) (4)

Argentina 51.0 0.0196 0.36 2.813
Australia 186.3 0.0054 0.12 8.607
Austria 59.0 0.0169 3.00 0.333
Bangladesh 2.9 0.3501 3.00 0.334
Belgium 116.2 0.0086 9.52 0.105

Brazil 12.0 0.0835 0.83 1.211
Canada 136.1 0.0073 0.76 1.324
Chile 18.2 0.0549 0.45 2.238
Colombia 10.3 0.0974 1.03 0.976
Denmark 86.3 0.0116 5.07 0.197

Finland 64.2 0.0156 2.63 0.381
France 65.9 0.0152 3.52 0.284
Germany, Fed. 70.1 0.0 143 5.37 0.186
Greece 19.6 0.0510 1.89 0.529
India 2.4 0.4251 1.32 0.757

Ireland 34.2 0.0292 1.88 0.531
Israel 72.0 0.0139 3.66 0.273
Italy 32.0 0.0313 3.83 0.261
Japan 15.3 0.0654 10.30 0.097
Mauritius 12.1 0.0827 6.80 0.147

Mexico 8.2 0.1213 0.40 2.528
Netherlands 84.8 0.0118 10.75 0.093
New Zealand 198.2 0.0050 1.55 0.646
Norway 61.3 0.0163 3.54 0.283
Pakistan 2.6 0.3858 1.33 0.750

Paraguay 5.2 0.1928 0.11 9.221
Peru 10.6 0.0939 0.33 3.077
Philippines 4.5 0.2226 1.98 0.504
Portugal 14.1 0.0708 2.21 0.452
South Africa 16.7 0.0598 0.21 4.706

Spain 19.8 0.0506 • 1.46 0.687
Sri Lanka 4.2 0.2394 2.67 0.375
Surinam 27.3 0.0366 9.87 0.101
Sweden 85.5 0.0117 3.03 0.330
Switzerland 47.9 0.0209 3.52 0.284
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531 International Comparisons of Productivity in Agriculture

Table 10.7 (continued)

iii-
id
ice
at

map can be classified into three resource endowment groupings
on the basis of the relative importance of the two partial productivity
ratios in each country's agriculture: (a) the countries in the new Conti-
nents (and South Africa) such as New Zealand, the United States, and
Australia, where labor productivity is relatively high and land produc-
tivity relatively low; (b) the countries in Asia (and a few in Africa and
South America) such as Taiwan and Japan, where land productivity is
relatively high and labor productivity relatively low; and (c) the coun-
tries in Europe (and a few in the Near East and South America) such
as the Netherlands, Belgium, and Denmark, where labor and land pro-
ductivities lie between the extremes of the other two groups.13

Within each group there is a scatter of countries extending out from
the origin. Each scatter or path seems to reflect the long-term develop-
ment process in agricultural systems characterized by alternative resource
endowments. In figure 10.3 we have observed changes in labor/output
ratios and land/output ratios in the course of agricultural development
from 1880 to 1970 for the six developed countries. For purposes of

13. This classification is the same as based upon 1960 data in Hayami and Rut-
tan, Agricultural Development, p. 69. We have found that no fundamental changes
occurred in relative international characteristics of agriculture with respect to the
relative levels and combination of labor and land productivities for individual
countries from 1960 to 1970. Israel and Turkey, included in the third group with
European countries here, were classified into the 'West Asia Mediterranean Coast
Agricultural Region" in Saburo Yamada, Comparative Analysis. This implies that
the characteristics of agriculture in the Mediterranean coast of the Near East are
fundamentally the same as those of European countries.

Output Number Output Hectares
per of male in wheat of agricul.
male workers units tural land
worker per wheat per hectare to produce
in wheat unit of of agricul- one wheat
units output tural land unit
Y/L L/Y YIA A/Y

Country (1) (2) (3) (4)

Taiwan 10.2 0.0984 13.63 0.073

Turkey 8.3 0.1200 0.83 1.199

U.K. 90.6 0.01 10 2.63 0.380

U.S. 160.2 0.0062 0.98 1.024

Venezuela 16.8 0.0596 0.45 2.222
Yugoslavia 11.5 0.0873 1.52 0.660

SOURCE: Data from Appendix B.
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comparison, figure 10.4 was converted into figure 10.5 in which produc-
tivity ratios were reversed and expressed as land per unit of output and
labor per unit of output. The diagonal lines represent constant land/
labor ratios. The percentage ratio of nonagricultural employment to the
total economically active population is shown in parentheses. The lines
make it easy to distinguish the different resource endowment ratios
among countries. The nonagricultural employment percentage represents
a crude indicator of the general level of development.

A comparison of figure 10.5 with figure 10.3 indicates remarkably
similar patterns between the three general historical paths (of the United
States, Japan, and the European countries) in figure 10.3 and the dis-
tribution of countries within each of the three groups classified in figure
10.4. In general, (a) the distribution of the countries in the new conti-
nents (and South Africa) falls along the historical path of the United
States; (b) the distribution of the Asian countries (and Mauritius and
Surinum) falls along the historical path of Japan; and (c) the distribu-
tion of the European countries (and Israel, Turkey, Brazil, and Colom-
bia) falls along the historical paths of the four European countries. We
identify the three country groups as American, Japanese, and European-

- Y/L type groups, respectively. These types reflect the result of different re-
source endowments and choice of technology paths (between mechanical
and biological technology) among countries.

10.4.2 Resource Endowments and Technology Preference
We have earlier hypothesized that resource endowments as reflected

by land/labor ratios are of major importance in the choice of technol-
ogy, or in inducing a country to follow a particular path of technological
development. In countries where land is abundant relative to labor
it is efficient to emphasize mechanical technology relative to biological
technology. In countries with reverse endowment conditions, biological
technology would be more efficient than mechanical technology. In the
former countries, the price of land is cheap relative to labor. It is expen-
sive in the latter.

In countries of the American type, where the land/labor ratio was
relatively high, ranging from 21 hectares per male worker (Mexico) to
180 (Canada) (even leaving aside the exceptional case of 1604 in
Australia), the hectares used to produce one wheat unit of output
(land/output ratio) ranged from 0.65 (New Zealand) to 9.22 (Para-
guay), and the man years per wheat unit of output (labor/output ratio)
ranged from 0.005 (New Zealand) to 0.193 (Paraguay). The land!
labor ratio of the United States was 25 in 1880 and 164 in 1970, which
roughly corresponds to the present range of resource endowment condi-
tions of the group. The labor/output ratio of the United States in 1 880
was 0.077, roughly comparable with 0.060 of Venezuela and 0.094 of

—A
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Peru in 1970. The land/output ratio of the United States in 1880 was
1.95, also roughly comparable with 2.22 of Venezuela and 2.24 of
Chile in 1970.14 In those countries of the group, such as New Zealand,
the United States, and Canada, where land/labor ratios were all over
100 hectares per worker, labor/output ratios were as small as 0.005—
0.117 (very high labor productivity) but land/output ratios were as
high as 0.65—1.32 (low land productivity) in 1970. It is evident that
mechanical, technology was strongly emphasized relative to biological
technology in this group.

Contrary to the above group, in the countries of the Japanese type,
where the land/labor ratio was very low, ranging from only 0.8 hectares
(Taiwan) to 2.8 (Surinam), the technological choice was reversed.
Labor/output ratios were high, ranging from 0.037 (Surinam) to 0.425
(India), but land/output ratios ranged from 0.07 (Taiwan) to 0.76
(India). The ratios of land/labor, land/output, and labor/output in
Japan in 1880 were 0.66, 0.35, and 0.53, respectively, which were
roughly comparable with the present situations of India, Pakistan, Ban-
gladesh, Philippines, and Sri Lanka. The technological leaders in this
group, Taiwan and Japan, certainly chose to follow a path which gave
a strong priority to biological technology relative to mechanical tech-
nology.

In the European countries, where the land/labor ratio ranged from
6.4 (Portugal) to 34.4 (The United Kingdom), intermediate between
the two extreme groups, labor/output and land/output ratios were also
intermediate, The ratios ranged from 0.009 and 0.11 of Belgium to
0.120 and 1.20 in Turkey. In 1880, land/labor ratios were 6.3, 7.0, 8.9,
and 14.7 hectares for Germany, France, Denmark, and the United

L/y Kingdom, respectively. These are comparable with many of the present
European-type countries. And labor/output and land/output ratios of
the four countries in 1880 were also comparable with the ratios in

Ut countries such as Turkey, Brazil, Colombia, and Yugoslavia in 1970.
al Thus resource endowments must be considered as an important fac-
n- tor in determining both the choice of technology and inducing an effi-
to cient path of technological development over time.

10.4.3 Industrialization and Technological Improvements
It is generally accepted that the potential for agricultural development

in a country is strongly conditioned by the level of domestic industrial
or nonagricultural development.'5 The close association between agri-

14. The 1880 data cited here are from tables 10.1 and 10.2. See also Appen-
dix B.

15. See Hayami and Ruttan, Agricultural Development, pp. 74—81; Yujiro
Hayami, "Industrialization and Agricultural Productivity: An International Com-
parative Study," The Developing Economies, 6 (September 1968): 3—21; and
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cultural and industrial development holds not only for historical time
sequences of individual countries but is also apparent in the intercoun-
try cross-sectional phenomena.

Movements of land/output and labor/output ratios toward the lower
left-hand corner along the same diagonal lines in figure 10.5 represent
improvements in the two partial productivities under similar resource
endowments of land/labor ratio conditions. And the figure reveals that
the ratio of nonagricultural employment, an indicator of industrializa-
tion, for individual countries is highly correlated with movements toward
the lower left-hand corner in each country group: from 47% (Para-
guay) to 96% (the United States) in the American-type group; from
30% (Pakistan) to 81% (Japan) in the Japanese-type group; and from
33% (Turkey) to 95% (Belgium) in the European-type group. This
association of technological improvements with industrialization in in- hi
tercountry cross sections is consistent with the historical experience of
the six developed countries.

Industrialization or growth of the nonagricultural sector can contrib-
ute to improvements in agricultural technology in many ways. Industrial
development can (a) reduce the cost of modern agricultural inputs,
such as fertilizer, chemicals, and machinery, produced by the industrial
sector; (b) expand the rate of growth in the demand for farm products;
and (c) increase the demand for labor. Educational development in
rural areas can make farmers more productive. Advancement of knowl-
edge in general sciences can increase the productivity of applied research
in the agricultural sciences and technology. Investment in physical and
institutional infrastructure develops productivity of resources devoted
to agricultural production and marketing.

In the following paragraphs we will investigate interrelationships
among the labor and land productivities and various factor-factor ratios
to search for sources of intercountry differences in agricultural produc-
tivity. Special attention will be given to the intensity in the use of modern
technical inputs as measured by power relative to labor and fertilizer
relative to land.16

Bruce F. Johnston and Peter Kilby, Agriculture and Structural Transformation:
Economic Strategies in Late Developing Countries (New York: Oxford University
Press, 1975), for related discussions on industrialization and agricultural produc.
tivity.

16. Only physical farm inputs will be taken into account because of data avail-
ability in the study. See Hayami and Ruttan, Agricultural Development, pp. 90—
101 for an intercountry comparative study for 1960 on sources of agricultural
productivity differences including the effect of both education and modern physical
inputs. See also Yujiro Hayami, et al., Century of Agricultural Growth for an in-
depth analysis of the Japanese case.
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10.4.4 Productivity Differences and Factor Proportions
Among the countries along the same land/labor ratio lines (fig. 10.5),

both labor/output and land/output ratios tended to be smaller in de-
veloped countries than in less developed countries. This is because, as

it noted earlier, the two partial productivities are not independent but are
linked through the land/labor ratio.17 Figure 10.6 shows this relation

It more explicitly than figure 10.5. A higher level of labor productivity (the
diagonal lines toward the upper right) can be achieved through either

d an increasing of the land/labor ratio, higher land productivity, or both.
Developed countries in the American-type group have achieved high
labor productivity principally by increasing their land/labor ratios.
Those in the Japanese-type group have achieved higher labor produc-

S tivity through higher land productivity. The European-type countries
have experienced a more balanced pattern of productivity growth. How-
ever, the United Kingdom and Sweden are closer to the American
pattern and the Netherlands and Belgium closer to the Japanese pattern.

The sources of productivity differences can be divided into two types.
As noted earlier, differences in labor productivity are associated with
differences in the adoption of mechanical technology. Differences in
land productivity are associated with differences in the development and
adoption of biological technology.

The most typical source of increase in labor productivity is more
intensive use of mechanical power by farmers. The substitution of me-
chanical power for labor permits a rise in both the land/labor ratio and
in output per worker. Figure 10.7 confirms the close association of
tiactor horsepower per male worker (tractor/labor ratio) and agricul-
tural output per male worker (labor productivity) in both 1960 and
1970. In 1970 the correlation coefficient (r) was .93 for all countries
—though only tractors and garden tractors (in terms of horsepower)
were counted as farm machinery. The coefficient was particularly high
(.96) for the American-type group. It was somewhat lower (.93) for
the European-type group and even lower (.84) for the Japanese-type
group.

This implies that the role of mechanical technology is critically im-
portant in achieving high levels of labor productivity. Mechanization
is economically efficient, however, only in situations characterized by a
high land-labor ratio and a high wage-land price ratio. The hypothesis
that the use of power (or machinery) per worker is negatively related
to both the price of land relative to labor and of machinery relative to
labor was generally confirmed in the time series analysis. The hypothe-
sis seems also to be plausible in international, cross-sectional perspec-

17. See footnote 5.
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tive. Because of the lack of international land price data, we could not
test the relationship as rigorously in the cross section as in the time
series analysis. However, a regression of tractor horsepower per male
worker against the price of machinery relative to labor in figure 10.8
does confirm the plausibility of the hypothesized relationship in the
cross section data. The correlation coefficient was 0.83. The elasticity
coefficient was statistically significant in the following simple regression.

A
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Fig. 10.8 International comparison of tractor horsepower per male le
worker and price of machinery relative to labor (in logs),
1970. Sources: tables 10.A.2 and 10.A.3.
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In (M/L) = 12.230 — 1.605 In (Pu/PL)
It (0.221)
e R2 = 0.695
e
8 (here 1.605 is significant at p = 0.01 [one-tail test]), and where
e and PL represent machinery horsepower, the number of male farm
y workers, tractor price, and wage rate per day.

In developed countries—as New Zealand, United States, Canada, and
Australia—where the ratio was more than 100 hectares per worker, the
tractor/labor ratio was in the 27—5 3 horsepower range per worker. But
in developing countries such as Mexico, Peru, and Venezuela, where
the land/labor ratio was 20—40, the tractor/labor ratio was merely 0.4—
1 .0. The initial resource endowment conditions of the respective coun-
tries are clearly a primary source of the present differences in land/labor
ratios among countries. It should be noted, however, that even in the
United States it was only 25 hectares per worker in 1880. This is
roughly equivalent to the level in many of the present developing coun-
tries in the American-type group. In these countries the development
of mechanical technology is already a critical factor in expanding the
land area that is cultivated per worker and hence in raising labor pro-
ductivity (see fig. 10.7).

Unfortunately, we have not been able to explore the effect of relative
factor prices on choice of biological technology in the cross section
analysis. Biological technology refers not to a single technique but to an
associated bundle of various technologies, particularly the use of im-
proved varieties with more fertilizer and better irrigation. In this analy-
sis we continue the tradition of using fertilizer as a proxy for the whole
complex of biological technology. We again emphasize that this repre-
sents a gross oversimplification, though one convenient for expositional
purposes.

The association between fertilizer consumption per hectare of agricul-
tural land and land productivity levels is shown in figure 10.9. In both
1960 and 1970 there was a close association between fertilizer use per
hectare and output per hectare. In 1970 the correlation coefficient was
.89 for all forty-one countries. It was .81 for the American-type group,
.89 for the European-type group, and .86 for the Japanese-type group.
Thus it was relatively high for each resource endowment grouping. In
contrast to the case of tractor use, the intensive use of fertilizer is im-
portant in raising land productivity not only in the biological-technol-
ogy—oriented Japanese-type countries, but also even in the mechanical-
technology—oriented countries of the American-type group. The lower
level of labor productivity of developing countries such as Paraguay,
Mexico, and Peru in the American-type group is not only due to their
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lower land/labor ratios but is also due to low land productivity. In
these, as in other countries, low land productivity is associated with
low levels of fertilizer use. The low level of fertilizer use typically re-
fiects the low level of biological technology that is available to farmers
and/or relatively high fertilizer prices.

Comparing each country's relative position in figure 10.7 with the
same country's position in figure 10.9, we can observe the contrast
among the three types of resource endowment groupings. For instance,

2 the tractor/labor ratio was the highest but the fertilizer/land ratio was
moderate for the United States. This contrast was exactly the reverse
for Japan. For developed countries such as Belgium and the Netherlands
in the European-type group, both ratios were relatively high.18

N Both fertilizer and tractors are industrial products. Intensity in the
use of these inputs is generally associated with the level of industrializa-
tion in individual countries. This results in a high correlation between
the level of use of the two inputs in the intercountry cross section corn-
parisons. The correlation coefficients are .84 for all countries, .93 for
the American-type group, .91 for the European, and .81 for the Japa-

2 nese-type group. This implies that higher labor productivity is associated
not only with more tractor use per worker but also with more fertilizer
use per worker (r = .92 between labor productivity and the fertilizer!
labor ratio for all countries, .89 for the American-type group, .94 for
the European-type group, and .83 for the Japanese-type group). In a
technical sense, fertilizer is a substitute for land. But such a high corre-
lation between the two variables confirms the important role of other
current inputs (including agricultural chemicals, feed, and fuel) in addi-
tion to fertilizer in increasing labor productivity. This is of course
consistent with the Japanese experience where yield increases have until
recently represented a dominant source of labor productivity.

Factor-factor combinations among labor, land, fertilizer, and tractor
horsepower have been discussed in relation to intercountry differences
in labor or land productivities. In addition, farm capital stock such as
livestock and perennial plants are also important agricultural resources

are used in agricultural production. Differences in the intensity of
,0 such capital inputs relative to labor or land (capital/labor or capital!

land ratio) among countries must also account, in part, for the produc-
tivity differences among the several countries.

18. In Hayami and Ruttan, Agricultural Development, fig. 4—2, p. 72, both
ratios were compared internationally for 1960. Comparing the 1960 results with
the present study for 1970, relative positions of the United States and Japan were
unchanged; however, relative levels of tractor/labor ratio in the developed Euro-
pean countries have become closer to the United States level during 1960—70
mainly due to considerable decreases in agricultural labor in those countries.
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However, interrelationships between these ratios and productivity
levels are not as clear-cut as in the cases of tractors and fertilizer. The
correlation coefficient was .77 between the livestock/labor ratio and the
labor productivity ratio and .73 between the livestock/land ratios and
the land productivity ratio for all countries. It was also quite low on a
regional basis (except for .86 for the first relationship in the American-
type group). In the case of perennial plants, it was even lower. The
ratio was .48 between perennial plants/land ratio and land productivity
ratio for all countries. There was almost no correlation between peren-
nial plants/labor ratio and labor productivity. Although such a low
correlation might be due to the crudeness of our estimates for perennial
plants, we conclude that productivity gaps among countries are much
more closely associated with differences in the use of modern technical
inputs produced in the industrial sector such as tractors and fertilizer
than with differences in these forms of farm-produced capital stock.

The aggregate stock of fixed farm capital, which includes all three
types of tangible fixed capital analyzed in this study (livestock, peren-
nial plants, and tractors), is closely associated with the labor and land
productivity ratios.'9 Excluding eight countries where data on perennial
plants were not available, the correlation coefficient between the capital!
labor ratio and the labor productivity ratio was .76 for all countries. But
it was .91 for the American-type group and only .42 for the Japanese-
type group (and .64 for the European-type group). This seems to imply
that capital intensity is a more important factor accounting for differ-
ences in labor productivity in the American-type group, but less impor-
tant in the Japanese-type group. The role of current inputs such as
fertilizer would be more critical in determining agricultural productivity
for the Japanese-type group. We can observe such differences among
the different country groups in figure 10.10.

The correlation coefficient between the capital/land ratio and the
land productivity ratio was .88 for all countries (excluding the eight U

countries). It was .86 in the European country group, .78 in the
American-type group, and .57 in the Japanese-type group. In European A

countries, land productivity has been a more important concern in agri-
cultural production than in the American-type countries. In the Japa- V

nese-type group, the contribution of capital intensity to land productivity a
II

19. Farm capital stock estimated here includes livestock, tractors, and agricul-
tural perennial plants only. Thus the coverage of the estimates is incomplete.
Aggregation was made using Japan weights due to data availabiliy. The estimates
are therefore in terms of Japanese price relatives. See Appendix B for the esti-
mating procedures and data. Because of the lack of data, the value of perennial
plants was not included in the estimated capital stock for Bangladesh. Canada.
Finland, Mauritius, Norway, Pakistan, Sweden, and the United Kingdom.
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Fig. 10.10 International comparison of capital stock and agricultural
output per male worker (in logs), 1970. Source: table 10.7
and table 10.A.2.

is only slightly more important than labor intensity, judging from the
magnitude of the correlation coefficient.2°

The data presented in figure 10.11 suggest that in spite of the con-
tinued differences in intensity of factor use among the three country
groups there was a tendency for both the Japanese-type group and the
American-type group to converge toward the European pattern of factor
use between 1960 and 1970. The countries in the Japanese-type group
which had achieved the highest level of fertilizer use per hectare in 1960,
such as Japan, Taiwan, and Sri Lanka, experienced more rapid growth
in tractor horsepower per worker than in fertilizer use per hectare be-
tween 1960 and 1970. In contrast, the countries in the American-type

20. It is not to deny the importance of capital stock in agricultural production
in Asia. According to Yamada, Comparath'e Analysis, in countries where capital
intensity is high, such as Japan, Taiwan, Malaysia, Hong Kong, and Sri Lanka,
agricultural productivity is also relatively high.
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Intercountry cross section comparison of changes in tractor
horsepower per male worker and in fertilizer consumption
per hectare of agricultural land, 1960—70 (in logs). Source:
table 10.7 and table l0.A.2 for 1970; Hayami and Ruttan,
Agricultural Development, for 1960.

group experienced more rapid increases in fertilizer use per hectare than
in tractor horsepower per worker.

The effects of these changes in factor use and factor productivity
during the 1960—70 decade were not completely consistent with our
expectations. The data presented in figure 10.7 suggest that the incre-
mental impact of additional inputs of tractor horsepower on output per
worker between 1960 and 1970 was greater in the countries that had
already achieved high levels of mechanization than in countries charac-
terized by a lower level of mechanization. Similarly, the data presented
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in figure 10.9 suggest that the incremental impact of additional fertilizer
consumption per hectare between 1960 and 1970 was greater in the
countries that had already achieved high levels of fertilizer use per
hectare.

This result is somewhat surprising since it was anticipated that the
new "seed-fertilizer" or "green revolution" technology that was intro-

duced
in many developing countries in the mid and late 1960s would

result in rapid growth in both fertilizer use and output per hectare in

countries
where appropriate biological technology had previously not

been available. One possible explanation is that the diffusion of new_/Ca biological technology had not proceeded fast enough by 1970 to exert
7 a major impact on the patterns of productivity growth, and that the

1960—70 trends in factor use and factor productivity simply reflected
Aus the continuing momentum of historical differences in the access to me-

chanical and biological technology between the more advanced and the
developing countries. A second alternative is that the smaller incremen-
tal contribution of increases in the use of mechanical power per worker
and of fertilizer per hectare was due to lags in the introduction of com-
plementary components in the bundle of techniques which constitutes
an efficient biological or mechanical technology.

This point is illustrated with reference to the new seed-fertilizer tech-
nology in figure 10.12.

Curve A0D0 represents the envelope of response curves (the meta-
production function) relating fertilizer use per hectare (F/A) to yield
per hectare (Y/A) for countries A, C, and D in period 0. The response

5070100 curve A0 is characteristic of a country which has access to a relatively
low level of biological technology in period 0. The response curves C0
and D0 are characteristic of countries which have access to more ad-
vanced levels of biological technology in period 0.

The differences between the several response curves could reflect, for
example, different levels of adoption of irrigation technology. The curve
a0d0 represents the relationship between the level of biological technol-
ogy and the optimum level of fertilizer use per hectare in each country.
The effect of the introduction, between period 0 and period 1, of an
advance in the level of biological technology, such as more fertilizer-
responsive crop varieties, is to shift the individual country response
curves up and to the right. If there is complementarity between irrigation
technology and the new seed-fertilizer technology, the effect is a biased
shift in the individual response curves. The countries characterized by
low levels of biological technology in 1960 were in a weaker position
to take advantage of the new seed-fertilizer technology than countries
characterized by higher levels of biological technology in 1960. The new
metaproduction function is shown as A 1C1 and the new biological tech-
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nology function is shown as a1c1. The changes in fertilizer use and yield
per hectare presented in figure 10.9 are consistent with a shift in the
metaproduction function such as that illustrated in figure 10.12.

10.4.5 Productivity Differences and Human Capital
So far, factor-factor combinations among conventional inputs have

been discussed in relation to intercountry differences in labor or land
productivities. In addition, the levels of nonconventional inputs such as
education, research, and extension act to shift the production function
and hence contribute to intercountry productivity differences in agri-
culture. As the proxies for these human capital inputs, two kinds of
measures of education levels were related to the productivity differences:

j

Fig. 10.12
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(a) the school enrollment ratio for the primary and secondary levels,
which represents the level of general education (GE), and (b) the num-
ber of graduates from agricultural colleges per 10,000 male farm work-
ers, which stands for the level of education in the agricultural sciences
and technology (TE). General education is hypothesized to influence
the efficiency with which farmers make decisions with respect to the use
of resources and their acquisition of skill in the use of resources. Agri-
cultural graduates represent the major source of technological personnel
for agricultural research and extension. In an attempt to convert the
enrollment ratio into a measure of the stock of education, a series of
averages of the data for 1960, 1965, and 1970 was used. And to check
a possible lag in the effect of the general education on the adult farmers,
the 1955—60—65 averages series were applied alternatively.

The association between these human capital measures and labor pro-
ductivity levels in 1970 is shown in figures 10.13 and 10.14. The corre-
lation coefficient between TE and labor productivity was relatively high
—.86 as compared to .74 between GE60.65.70 and labor productivity
and .76 between GE556065 and labor productivity for all forty-one
countries. It is interesting that the correlation coefficients were even
higher within the different three-country groups: the correlation coeffi-
cient between TE and labor productivity was .92 for the American-type
group, .85 for the European-type group, and .79 for the Japanese-type
group; the correlation coefficient between GE5560.65 and labor produc-
tivity was .92 for the American-type group, .87 for the European-type
group, and .78 for the Japanese-type group (see figs. 10.13 and 10.14).

The relationships between the human capital measures and land pro-
ductivity are not as clear for the entire group of forty-one countries
(fig. 10.15). The correlation coefficients between land productivity and
GE55.60.65 and GE6065.70 were only .22 and .17, respectively. One pos-
sible reason for such a low correlation is that the human capital mea-
sures employed here were normalized on a per capita base but not on a
unit land area base. Even so, when we disaggregated by productivity
groupings there was a reasonably high correlation by the three country
groups: the correlation coefficient between GE556065 and land produc-
tivity was .58 for the American-type group, .77 for the European-type
group, and .67 for the Japanese-type group, respectively (fig. 10.16).

The relationships between TE and land productivity are similar: the
correlation coefficient was .54 for the American-type group, .72 for
the European-type group, and .78 for the Japanese-type group, while
it was only .21 for all forty-one countries.

These observations support the proposition that human capital as
measured by general and technical education plays a significant role in
increasing land productivity as well as in increasing labor productivity
under conditions of similar labor/land endowments.
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10.5 Accounting for Productivity Differences among Countries
eff 4

In the section above, we have explored interrelationships between de4
productivity differences and each of the various factor endowment ratios.
Each factor-factor combination, however, affects productivity in asso- u
ciation with other factor combinations. To identify the sources of the (b
productivity differences among countries more precisely, cross-country w
production functions were estimated. The sources of the productivity co
differences were then. analyzed following the accounting method em- ba
ployed by Hayami and Ruttan.2' The material presented in this section pe
should be regarded as preliminary at this time since we are continuing re
to experiment with functional form and specification. ye

The production function is of the Cobb-Douglas (linear in the log- th
arithms) form. The coefficients of the Cobb-Douglas production function ta
can be interpreted as indicating the elasticities of production with re- en
spect to inputs and the relative importance of each factor as a source of ge
difference in output among countries. Differences in agricultural output
per worker (or per hectare of land) can be accounted for by differences fr
in the level of various inputs per worker (or per hectare of land) H
weighted with the respective production coefficients. ar

The specific variables used in the study include such conventional
inputs as labor, land, livestock, fertilizer, and machinery, and the non- h
conventional shift variables, general education (the school enrollment hi
ratio for the primary and secondary levels) and technical education (the ci
number of graduates per 10,000 male farm workers).22 All variables
are for 1970 except for the school enrollment ratio of which two series R
of the averages for 1955, 1960, and 1965, and for 1960, 1965, and h
1970 were used in order to convert the enrollment ratio into a measure r
of the stock of general education and to check for a possible lag in the

21. Though the data used in this study were new for 1970, the method for the 'Il

accounting is the same as chapter 5, "Sources of Agricultural Productivity Differ-
ences among Countries," in Hayami and Ruttan, Agricultural Development, pp.
86—.107. See the chapter for discussions on the conceptual framework and details 0

of the method and related studies. It is recognized that use of the Cobb-Douglas ca

production function is not entirely consistent with the factor complementarity
hypothesis outlined in figure 10.1. One solution to this problem, the estimation of

3individual factor augmentation coefficients, has been employed by Hans Binswan-
ger, "Measurement of Technical Change Biases with Many Factors of Produc-
tion," American Economic Review 64 (December 1974): 964—76.

22. Perennial plants were also included in some specifications of production
function estimate, its estimated coefficient was statistically significant at P = 0.005

p(one.tail test) but some other coefficients became negative in sign and statistically
nonsignificant. Besides the variable data were lacking for the eight countries as
mentioned in note 19. Hence it was excluded from the production function em-
ployed in analysis and from accounting for productivity differences.
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effect of general education to the first and second levels on the farmers'
ween decision-making and technical capacity.
Itios. Three kinds of regression models were estimated: (a) an ordinary
asso- unrestricted aggregate production function for the agricultural sector;
f the (b) a production function on a per worker basis in which output per
Intry worker was regressed on conventional inputs per worker and on non-
ivity conventional inputs; and (c) a production function on a per hectare
em- basis in which output per hectare was regressed on conventional inputs
:tion per hectare and on nonconventional inputs.23 In (b) and (c) constant
uing returns to scale were assumed and the sum of the coefficients of con-

ventional inputs was held equal to one. The estimates were based on
log- the data for all forty-one countries.24 The results are summarized in
ion table 10.8. In general the production coefficients estimated under differ-
re- ent specifications were statistically except those for land and
of general education.25

put The fertilizer coefficients were all statistically significant. They ranged
ces from .23 to .32. This is well above the range of .09 to .16 estimated by
•d) Hayami and Ruttan for 1960.26 The results of the regression analysis

are consistent with the impression, based on figure 10.8, that between
1960 and 1970 the incremental contribution of fertilizer to output per
hectare was greatest in those countries that were already using relatively

nt high levels of fertilizer per hectare. In contrast to the fertilizer coeffi-
he cient, no statistically significant land coefficients were estimated for
es 1970. This is in contrast to the 1960 results obtained by Hayami and
es Ruttan which typically fell in the .06—.07 range. It seems reasonable to

hypothesize that at least part of this change in the fertilizer coefficient
-e relative to the coefficient for land was due to a combination of decline

23. The production function was estimated for various groups of countries: for
e instance, (a) the American, Japanese, and European.style factor endowment

groups, and (b) highly developed, moderately developed, and less developed
country groups. Also, various regression specifications were applied in addition

s to those listed in table 10.8. However, most of the results were implausible be-
cause some of the coefficients were negative in sign and/or statistically nonsignifi-

/ cant.
24. In Hayami and Ruttan's work, the sample size of estimated regressions was

• 37 or 38. For comparison purposes, Bangladesh, Pakistan, Paraguay, Portugal, and
Yugoslavia were also dropped from some 1970 regressions. However, there were
no significant differences in the estimated coefficient in regression of the same
specification between the sample sizes of forty-one and thirty-six.

25. It is possible that the low coefficient for land in 1970 may also be due in
part to the high intercorrelation between land and livestock. In 1970 the correla-
tion coefficient between land and livestock was .92. High intercorrelation was also
observed between fertilizer and tractor horsepower (.84) and between labor and
livestock (.76).

26. Hayami and Ruttan, Agricultural Development, p. 93 (Table 5—1).
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in the price of fertilizer and an induced shift in the metaproduction
function associated with the introduction of the new seed-fertilizer
"green revolution" technology between 1960 and 1970.

The labor coefficients for 1970 were almost all statistically significant.
They ranged, in the several regressions, from .21 to .40. This was lower
than the estimates obtained by I-Iayami and Ruttan for 1960, which
ranged from .34 to .47. In contrast to the decline in the labor coeffi-
cients there was a tendency for the machinery coefficients to rise be-
tween 1960 and 1970. The machinery coefficients ranged from .11 to
.15 in 1970, in contrast to .10 or below in 1960. Thus the results of the
regression analysis are consistent with the impression, based on figure
10.7, that between 1960 and 1970 the incremental contribution of
mechanization to output per worker was greatest in those countries that
were already the most highly mechanized. The results suggest a ma-
chinery-using bias in technical change leading to increased substitution
of machinery for labor between 1960 and 1970.

The livestock coefficient for 1970 ranged from .11 to .15. This was
approximately in the same range as the Hayami-Ruttan results for 1960.

The general education coefficient was negative in 02 where the aver-
ages of 1960, 1965, and 1970 were used. In the case where the averages
of 1955, 1960, and 1965 were used, the general education coefficient
ranged from .08 to .26, though it was still not statistically significant.
The coefficient of the other nonconventional variable, technical educa-
tion, however, was significant statistically, ranging from .14 to .17. This
was The same level as .14—.18 for 1960 estimated by Hayami and
Ruttan while the general education coefficient level estimated here was
lower than the range of .29—.32 that was estimated for 1960 on a na-
tional aggregate basis as in the present study by Hayami and Ruttan.
We do not know why the general education variable performed less
effectively in the 1970 cross section study than in the earlier 1960 cross
section study by Hayami and Ruttan.

SOURCE: Based on the data from Appendix B.
NOTES: Equations are linear in logarithms. The standard errors of the estimated
coefficients are inside the parentheses.
am regressions QI, Q2, and Q3, both output and factor inputs are expressed in
actual units. These three equations are estimated on an unrestricted basis.

In regressions Q4, Q5, and Q6, the output and the conventional inputs (i.e.,
land, livestock, fertilizer, and machinery) are expressed in per-worker terms. The
sum of the conventional coefficients was restricted to equal one.

In regressions Q7, Q8, and Q9, the output and the conventional factor inputs
(i.e., labor, livestock, fertilizer, and machinery) were expressed on a per-hectare
basis and the sum of coefficients was restricted to equal one.
"Implicit coefficient.
*Sjgnjficant at P = 0.05 (one-tail test).
**Significant at P = 0.01 (one-tail test).



558 Saburo Yamada/ Vernon W. Ruttan

In spite of the limitations in the 1970 cross section regression results,
the following set of production elasticities was adopted for accounting
purposes: .35 for labor, .02 for land, .25 for livestock, .25 for fertilizer,
.13 for machinery, .25 for general education, and .15 for technical edu-
cation.27 We would feel more comfortable about the growth accounting
exercise, however, if the land coefficients were higher while the fertilizer
coefficients were lower and the general education coefficients were more
firm.

Accounting for productivity differences was attempted between the
United States and five different countries: (a) Argentina, a less-devel-
oped country in the American-type group; (b) Japan, a developed and
India a less-developed country in the Japanese-type group; and (c)
Denmark, a developed and Turkey a less-developed country in the
European-type group.

The sources of differences in labor productivity between the United
States and these five countries are presented in table 10.9. Each column
compares the percentage differences in agricultural output per worker
between each country and the United States, with the linear combina-
tions of percentage differences in input variables weighted by the speci-
fled production elasticities. The index with the output-per-worker differ-
ence set equal to 100 is shown in parentheses.

The difference in agricultural output per worker between the United
States and India was 98%; between the United States and Turkey the
difference was 95%; and between the United States and Argentina the
difference was 68%. The difference was 90% in the case of Japan and
46% in the case of Denmark. The four conventional variables included

27. The adopted set of coefficients for accounting in the }{ayami and Ruttan
work were .40 for labor, .10 for land, .25 for livestock, .15 for fertilizer, and .10
for machinery, .40 for education, and .15 for research and extension.

In a recent study Robert E. Evenson and Yoav Kislev, Agricultural Research
and Productivity (New Haven: Yale University Press, 1975), have used a Cobb-
Douglas type production function and data for 1960 and for 1955—60—65—68 to
estimate international cross section production functions. The data base utilized
is similar to that used by Hayami and Ruttan in Agricultural Development, but
they added 1968 data and a new variable based on publication in agricultural
sciences from 1948 to 1960 to represent research or the stock of knowledge. A
comparison of the production function coefficients obtained by Evenson-Kislev
and Hayami-Ruttan with the estimates obtained in this study is presented in table
10.11.

Thus the estimated coefficients of the variables were not always stable nor
statistically significant in different specifications of the production function in their
studies, and differed in many cases from those estimated by Hayami and Ruttan
and from those in the present study. The results of these several research efforts
indicate a need for further studies of the functional form and specification of the
production function and of the methods used in accounting for productivity dif-
ferences among countries.
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in the production function accounted for 56—67% of the differences in
agricultural output per worker between the United States and these
countries.

Fertilizer and machinery were important sources of productivity dif-
ferences between the United States and all the other countries. Livestock
was also important except for Argentina, where livestock intensity per
worker is similar to the United States. Land was not a significant source
of difference in labor productivity between the United States and other
countries in the present study. The coefficient of land in the estimated
production function that was used as the accounting weight was very
low (table 10.8).

The nonconventional human capital variables accounted for 30—32%
of the difference in output per worker between the United States and
Argentina, India, Denmark, and Turkey but only 12% of the difference
between the United States and Japan. Technical education alone ac-
counted for 15—25% of the difference between the United States and
Argentina, India, Denmark, and Turkey, and 9% of the difference
between the United States and Japan. Thus, even if the general educa-
tion variable were to be dropped, because of its weak coefficient in the
1970 estimates, human capital would remain an important factor in
accounting for intercountry productivity differences.

The case of Argentina is particularly interesting because land and
labor endowments are essentially similar to the United States. The dif-
ferences in output per worker due to technology embodied in fertilizer
and machinery, together with the lower level of investment in technical
and general education, account for most of the differences in output per
worker between the United States and Argentina. The case of Japan is
interesting because traditional resource endowments and embodied tech-
nology account for such a large share of the difference and human
capital investment for such a small share. The case of Denmark is of
interest because such a small share of the difference is explained by the
variables captured by the cross-country metaproduction functions. Dif-
ferences in human capital investment are highly important in all coun-
tries except Japan (table 10.9).

The sources of differences in agricultural output per hectare of agri-
cultural land between Japan and the other countries are also presented
in table 10.10. The difference in the output/land ratio between Japan
and each country was 97% for Argentina, 87—92% for India, the United
States, and Turkey, and 51% for Denmark. The percentage of the pro-
ductivity differences accounted for by the four conventional variables
ranged from 45% for India to 97% for the United States.

Technical inputs accounted for 35 % of the differences in land pro-
ductivity between Japan and India. Since the labor/land ratio in India
does not differ very much from Japan, it accounted for only 7% of the
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productivity difference. This was almost balanced by the negative con-
tribution of the livestock/land ratio. In comparisons between Japan are d
and the United States, 25 and 13% of the productivity differences were biold
accounted for by fertilizer and by tractor use per hectare, respectively.
In addition, 27 and 20% of the productivity gap was accounted for by leve
labor and livestock. The sources of the differences in land productivity 10.1
between Japan, Argentina, and Turkey are very similar to the differ- nob
ences between Japan and the United States. Between 32 and 38% of in 1
the difference was accounted for by labor, 17—20% by livestock, 25— coin
27% by fertilizer, and 13—14% by machinery. More than half the differ- and
ence in land productivity between Denmark and Japan was accounted cha
for by differences in labor intensity. One-third of the productivity differ- due
ence was accounted for by fertilizer and machinery. Since the livestock! mec$
land ratio in Denmark is much larger than Japan, livestock carries a
negative weight of 18%. The four conventional variables account for

10 678% of the land productivity difference between these two countries.
Human capital is also an important source of differences in land pro- It!
ductivity among countries as well as in labor productivity. It is particu- any
larly important in accounting for the differences between Japan and landj
India and Turkey.

The differences between the weights used in accounting for cross- be
section productivity differences among countries in this study and those the
used in the earlier Hayami-Ruttan study have been mentioned several Ian
times. These differences appear to be due in part to nonneutral shifts in fact
the coefficients for fertilizer relative to land and of machinery relative to 1
to labor. It is also possible that the indexes of mechanical technology, noki
biological technology, and human capital are biased or that the func- as '1
tional form used in the estimation is not entirely satisfactory. An attempt Stat
was made to test the sensitivity of the particular results shown in tables cha
10.9 and 10.10 by using the 1960 Hayami-Ruttan weights in accounting ties
for the 1970 productivity differences among the six countries. In general and
the percent of the total variation in land and labor productivity cx-

$

altd
plained by using the 1960 weights did not differ greatly from the varia- factE
tion explained using 1970 weights. There was, however, a tendency for 11

less of the total differences in labor and in land productivity to be cong
explained by the four conventional variables and more by the human rese
capital variables when the 1960 weights were used than when the 1970 not!
weights were used.

The analysis of the shifts in productivity coefficients and the sources
of productivity differences presented above suggests that technical inputs
such as fertilizer and machinery have become even more important 2

relative to raw land and labor in accounting for productivity differences
in 1970 than in 1960. However, it should be kept in mind, in interpret- a f
ing these results, that both the index of biological technology (fertilizer/ bot
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hectare) and the index of mechanical technology (horsepower/worker)
are clearly incomplete and may often be biased measures. In the case of

re biological technology, for example, it would be desirable, as implied
earlier, to include other measures of biological technology such as the
level of irrigation and the adoption of new crop varieties (see fig.
10.12). The effect of omission of other components of biological tech-

r- nology may be an upward bias in the coefficient of biological technology
in 1970 relative to 1960 as a result of differences in the availability of
complementary biological technology between the low-fertilizer-input

r- and the high-fertilizer-input countries. Similarly the coefficient for me-
chanical technology may be biased upward in 1970 relative to 1960
due to differences in the availability of complementary components of
mechanical technology.

a

10.6 Perspective

It is useful at this point to restate problem that must be solved in
any test of induced innovation. In figure 10.1 assume that the labor!

d land factor ratio in Japan can be represented by a line from the origin
through P and that the labor/land factor ratio in the United States can
be represented by a line from the origin through Q. Assume also that

e the slope of the line BB represents the factor price ratio in Japan, where
land is expensive relative to labor, while the slope of CC represents the
factor price ratio in the United States, where labor is expensive relative

e to land. If the substitution possibilities of the available agricultural tech-
nology can be represented by an isoquant map with little curvature such
as 10, the differences in factor ratios between Japan and the United
States could be explained by simple substitution due to factor price
change along a common production function. If, however, the possibili-
ties of substitution between labor and land are represented by in Japan
and in the United States, the points P and Q would not represent
alternative factor combinations along production functions with equal
factor intensity characteristics.

The results of both the time series and the cross section analysis are
consistent with the induced innovation hypothesis. Yet they do not rep-
resent an adequate test of the hypothesis.28 The analysis presented does
not allow us to determine whether the changes in factor use describe
(a) the effect of agricultural producers responding to the economic
value of land relative to fertilizer or of, labor relative to machinery along

28. For a rigorous test of the induced innovation hypothesis in U.S. agriculture
see Hans P. Binswanger, "The Measurement of Technical Change Biases." Bin-
swanger concludes that in the U.S. long-term decline in fertilizer prices did induce
a fertilizer-using bias in technical change. In the case of mechanical technology
both price-induced and autonomous effects were important.
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an unchanging neoclassical macro production function, or (b) whether
the production function available to farmers has itself shifted to the left
over time and among countries as a result of the response of the techni-
cal efforts of scientists, engineers, and inventors to changing factor price
relationships. The magnitude of the shifts in relative factor prices and
factor use presented in the time series analysis and of the differences in
factor use among countries does, however, create a presumption that
the induced innovation process was involved.

The results of this analysis are consistent with the conclusion that
Hayami and Ruttan drew in their earlier work—that failure to take full
advantage of the potential growth from human capital and technical
inputs represents a significant constraint on agricultural development.
The results of the 1970 cross section analysis of the contribution of
general education to agricultural productivity are somewhat less clear-
cut than the results of the 1960 cross section analysis. Nevertheless, the
body of evidence examined in this and in the earlier study tends to
reinforce the conclusion that variations in technical inputs and human
capital are typically more important than limitations in resource endow-
ments in accounting for differences in output per worker. In the devel-
oped countries human capital and technical inputs have become the
dominant sources of output growth. Differences in the natural resource
base have accounted for an increasingly less significant share of the
widening productivity gap among nations. Productivity differences in
agriculture are increasingly a function of investments in the education
of rural people and in scientific and industrial capacity rather than
natural resource endowments. The decline in the coefficients for labor
and land relative to the other coefficients in the relatively short period
since the Hayami-Ruttan study provides additional support, over and
above the relationships reported in this paper, of the declining impor-
tance of "raw" land and labor in accounting for productivity differences,

The embodiment of advances in science and technology in the inputs
available to farmers clearly represents a necessary condition for releas-
ing the constraints on agriculture imposed by inelastic supplies of tradi-
tional factors. Yet for a country in the early stages of economic develop-
ment technical innovations are among the more difficult products to
produce. Indeed, it seems useful to raise the question of whether, under
modern conditions, the forces associated with the international transfer
of agricultural technology are so dominant as to vitiate the process of
induced technical change.

It might be argued, for example, that the dominance of the developed
countries in science and technology raises the cost, or even precludes
the possibility, of the invention of location-specific biological and me-
chanical technologies adapted to the resource endowments of a particu-
lar country or region. This argument has been made primarily with
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566 Saburo Yamada/ Vernon W. Ruttan

reference to the diffusion of mechanical technology from the developed
to the developing countries. It has been argued that the pattern of
organization of agricultural production adopted by the more developed
countries—dominated by the large-scale mechanized systems of produc-
tion employed in both the socialist and nonsocialist economies—pre-
cludes an effective role for an agricultural system based on small-scale
commercial or semicommercial farm production units.

The potential for the development of technologies that are specific to
national or regional factor endowments is, however, enhanced by the
fact that in agriculture technology is highly location-specific, and even
mechanical technology is relatively location-specific. It is apparently the
location-specific character of agricultural technology that is responsible
for the relationships between changes in factor use and productivity
between 1960 and 1970 (figs. 10.7 and 10.9).

The transfer of agricultural technology occurs more through a process
of adaptation to local environmental conditions than as a result of the
direct transfer of materials and designs. The ability to borrow technology
is dependent on the institutionalization of indigenous research and de-
velopment capacity in agricultural science and technology. Thus, in
order for a country or a region to acquire the capacity to borrow or
transfer technology, it also needs to develop the capacity to adapt and
invent technologies which are specific to its own factor endowments.29

In our judgment, failure to effectively institutionalize public sector
agricultural research can result in serious distortion of the pattern of
technical change and resource use. The homogeneity of most agricultural
products and the relatively small size of the farm firm make it impos-
sible for the individual agricultural firm to either bear the research costs
or capture a significant share of the gains from scientific and technical
innovation. Innovation in mechanical technology, however, has been
much more responsive than biological technology to the inducement
mechanism as it functions in the private sector. It has typically been
more difficult for the innovating firm to capture more than a small share
of the increased income stream resulting from innovation in biological
than in mechanical technology.

Failure to balance the effectiveness of the private sector in responding
to inducements to advances in mechanical technology (and in those
areas of biological and chemical technology in which advances in knowl-
edge can be embodied in proprietary products) with institutional inno-
vations capable of an equally effective response to inducements to
advances in biological technology leads to a bias in the productivity

29. See Robert E. Evenson and Hans P. Binswanger, "Technology Transfer and
Research Resource Allocation," in Hans P. Binswanger and Vernon W. Ruttan,
eds., Induced Innovation: Technology Institutions and Development (Baltimore:
The Johns Hopkins University Press, 1978).
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567 International Comparisons of Productivity in Agriculture

oped path that is inconsistent with factor endowments—particularly with the
n of factor endowments of the more labor-intensive LDCs. The labor force
oped explosion anticipated in rural areas of the LDCs in the 1970s implies
'duc- that failure to design agricultural technologies consistent with higher
-pre- population densities in rural areas will be extremely costly. It is possible
scale to provide at least a partial response to this concern.

The test of the next decade for many of the developing countries will
Ic to be whether they are prepared to seize the relatively inexpensive sources

the of growth opened up by investment in human capital and in the new
even potentials that can be made available through advances in biological
'the technology.
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OutpUt (Y) Male Labor (L) Agricultur at Land (A)
Wheat Index Index Index per Man
Units (1880 Number (1880 Hectares (1880 Year
(000) = 100) (000) = 100) (000) = 100) (Y/L)

Year (1) (2) (3) (4) (5) (6) (7)

1880 15,706 100.0 8,332 100.0 5,493 100.0 1.89
1890 18,795 119.7 8,354 100.3 5,712 104.0 2.25
1900 21,755 138.5 8,475 101.6 6,024 109.7 2.57
1910 26,755 170,3 8,527 102.3 6,466 117.7 3.14
1920 32,249 205.3 7,626 91,5 6,940 126.3 4.23
1925 32,674 208.0 7,386 88.6 6,875 125.2 4.42
1930 35,079 223.3 7,631 91.6 6,931 126.2 4.60
1940 37,060 236.0 6,263 75.2 7,088 129.0 5.92
1950 34,608 220.3 7,692 92.4 6,792 123.6 4.50
1960 52,436 333.9 6,232 74.8 7,048 128.3 8.41
1970 67,305 428.5 4,267 51,2 6,713 122.4 15.77

NOTE: Data are five-year averages centered on year shown.
SOURCE: Yujiro Hayami, A Century of Agricultural Growth in Japan, (Minneapolis and
Tokyo: University of Minnesota Press and University of Tokyo Press, 1975).
Output: table A-i (col. 8), spliced with 1958—62 value of output in wheat units from
Yujiro Hayami and Vernon Ruttan, Agricultural Development, An International Per-
spective, table A-S.
Land: table A-4, (col. 3), multiplied by 1.14, the ratio of agricultural land to arable land

M4

Pc
U
(L
(8

.53

.31

.23

.22

.21!
.16
.22

.11

.06

Ma -
Ye
per
Uni
(LI
(8)

.1064

.0821

.062d

.0391

.0571

.0168

.014

Table 1O.A.1 Japan: Output, Factor Productivity, and Factor Price Data,
1880—1970

1

Table 10.A.2 Germany: Output, Factor Productivity, and Factor Price Data,
1880—1970

in
La
Prj
Prj

Use
Agii

Output (Y)a Male Labor (L) Agricultural Land (A) Wheat

Wheat Index Index Index per Man
units (1880 Number (1880 Hectares (1880 year
(000) = 100) (000) = 100) (000) = 100) (YIL)

Year (1) (2) (3) (4) (5) (6) (7)

1880 45,137 100.0 5,684 100.0 36,040b 100.0 7.94
1890 52,061 115.3 5,520 97.1 35,320 98.0 9.43
1900 65,927 146.1 5,452 95.9 35,094 97.4 12.09
1910 75,367 167.0 5,746 101,1 34,878 96.8 13.12
1920 — — — — — — —
1925c 60,458 — 4,808 84.6 29,249 81.2 12.57

(72,103) (159.7)
1930 72,688 — 4,547 80.0 29,375 81.5 15.99

(86,644) (192.0)
1938d 83,556 — 3,285 57.8 28,537 79.2 25,44

(99,599) (220.7)
1950e 39,248 — 2,258 39.7 14,033 38.9 17.38

(97,947) (217.0)
1960 57,023 — 1,613 28.4 14,239 39.5 35.35

(142,550) (315.8)
1968f 72,073 — 1,214 21.4 13,871 38.5 59.37

(180,183) (399.2)
1970e 74,073 — 1,142 20.1 13,578 37.7 71.40h

(185,964) (412.0)

No'ra: Data are five-year averages, centered on data shown except asfollows: (a) 1880—
82; (b) 1925 only; (c) 1938 only; (d) 1950 only. Wheat units and indexes shown in
parentheses have been adjusted for changes in land area in order to provide a long-term
output series for an "undivided Germany."
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Man Wheat Hectares Land Days
Years Units to Produce (Hectares) Wage Land Labor
per Wheat per One Wheat per Rate Price to Buy
Unit Hectare Unit Worker (M/day) (M/ha) One Hectare
(L/Y) (Y/A) (A/Y) (.4/L)a (PL) (PA) (PA/Pc)
(8) (9) (10) (11) (12) (13) (14)

.530 2.86 .350 .659 (.183) (343) (1,874)
.444 3.29 .304 .684 .183 343 1,874
.390 3,61 .277 .711 .371 968 2,609
.319 4.14 .242 .758 .469 1,613 3,439
.236 4.65 .215 .910 1.472 3,882 2,637
.226 4.75 .210 .931 1.424 3,822 2,683
.218 5.06 .198 .908 1.098 3,206 2,920
.169 5.23 .191 1.132 — — —
.222 5.10 .196 .883 — — —
.119 7.44 .134 1.131 484. 1,429,528 2,954
.0634 10.03 .0997 1.573 1,794. 2,358,431 1,315

in the 1960 Census of Agriculture.
Labor: table A-3, (col. 1).
Price of labor: table A.8, (cot. 2); 1890 value used for 1880.
Price of land: table A-2, (ccl. 4); 1890 value used for 1880.
aThis diverges from revisions sent us by Hayansi in May 1974, because Hayami did not
use his latest data, as we did here, but inste4d calculated from Hayami and Ruttan,
Agricultural Development, table S-2.

Man Wheat Hectares to Land Days
Years Units Produce One (Hectares) Wage Land Labor
per Wheat per Wheat per Rate Price to Buy
Unit Hectare Unit Worker (M/day) (M/ha) One Hectare
(L/Y) (Y/A) (A/Y) (AlL) (Ps) (P4) (PA/Pc)
(8) (9) (10) (11) (12) (13) (14)

.1259 1.25 .798 6.34 1.36 1,315 967

.1060 1.47 .678 6.40 1.38 1,315 953

.0827 1.88 .532 6.44 1.68 1,368 814

.0762 2.16 .463 6.07 2.07 1,869 903

.0795 2.07 .484 6.08 3.07 2,730 889

.0626 2.47 .404 6.46 3.98 2,345 589

.0393 2.93 .342 8.69 3.50 2,188 625

.0575 2.80 .358 6.22 7.56 4,359 577

.0283 4.01 .250 8.83 18.00 6,812 378

.0168 5.20 .193 11.43 34.56 10,348 299

.0140 5.40 .185 12.20 42.12 11,448 244

SOURCE: 1880—1968 data from Adolf Weber, "Productivity Growth in German Agricul-
ture, 1950 to 1970," University of Minnesota Department of Agricultural and Applied
Economics, Staff Paper P73-I, August 1973; 1970: data provided by Adolf Weber,
private communication, March 1974, from the same sources as for 1880—1968.
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Table 10.A.3 Denmark: Output, Factor Productivity, and Factor Price Data,
1880-1970

OutpUt (Y) Male Labor (L) Agricultural Land (A)
Wheat Index Index Index per Man
Units (1880 Number (1880 Hectares (1880 Year
(000) = 100) (000) = 100) (000) = 100) (Y/L)

Year (1) (2) (3) (4) (5) (6) (7)

1880 3,408 100.0 321 100.0 2,859 100.0 10.62
1890 3,882 113.9 326 101.6 2,913 101.9 11.91

1900 4,428 129.9 312 97.2 2,912 101.9 14.19
1910 5,837 171.3 346 107.8 2,883 100.8 16.87
1920 6,341 186.1 395 123.1 3,172 110.9 16.05

1925 6,830 200.4 404 125.9 3,217 112.5 16.91
1930 9,518 279.3 395 123.1 3,229 112.9 24.10

1940 9,015 264.5 391 121.8 3,218 112.6 23.06
1950 10,956 321.5 342 106.5 3,141 109.9 32.04
1960 14,378 421.9 303 94.4 3,094 108.2 47.45

1970 15,665 459.7 166 51.7 2,975a 104.1 94.37

Nora: Data are five-year averages centered on the year shown except for (a) 1970 only.
SouRcE: 1880—1960 data from William W. Wade, "Institutional Determinants of Tech-
nical Change and Agricultural Productivity Growth" (tables D-1 and D-4), Ph.D. diss.,

Table 10.A.4 France: Output, Factor Productivity, and Factor Price Data,
1800—1970

Outpu
Wheat

t (Y)
Index

Male Labor (L)
Index

Agricuitur a! Land (A)

per ManIndex
Units (1880 Number (1880 Hectares (1880 Year
(000) = 100) (000) = 100) (000) = 100) (Y/L)

Year (1) (2) (3) (4) (5) (6) (7)

1880 36,589 100.0 4,970 100.0 34,594 100.0 7.36

1890 38,139 104.2 4,580 92.2 34,429 99.5 8.33

1900 40,636 111.1 5,020 101.0 35,200 101.8 8.09
1910 45,457 124.2 4,910 98.8 36,799 106.4 9.26
1920 46,146 126.1 4,540 91.3 36,219 104.7 10.16

1925 49,848 136,2 4,290 86.3 36,294 104.9 11.62

1930 53,464 146.1 4,040 81.3 35,566 102.8 13.23
1940 48,657 133.0 3,860 77.7 33,488 96.8 12.61

1950 51,311 140.2 3,300 66.4 33,562 97.0 15.55

1960 86,093 235.3 2,580 51.9 34,681 100.3 33.37

1970 122,346 334.4 2,041b 41.1 33,035b 95.5 59.94

'l

ii
NOTE: Data are five-year averages centered
and (b) 1970 only.
SOURCE: 1880—1960 data from William W.
mcal Change and Agricultural Productivity

on the year shown except for (a) 1968 only

Wade, "Institutional Determinants of Tech-
Growth" (tables F-i, F-4) Ph.D. diss., Urn-

p
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Man Wheat Hectares to Land Days
Years Units Produce One (Hectares) Wage Land Labor
per Wheat per Wheat per Rate Price to Buy
Unit Hectare Unit Worker (M/day) (M/ha) One Hectare
(L/Y) (Y/A) (A/Y) (AlL) (PL) (P4) (P4/Pa)
(8) (9) (10) (11) (12) (13) (14)

.0942 1.192 .839 8.91 1.6 611 382

.0840 1.333 .750 8.94 1.7 536 315

.0705 1.521 .658 9.33 2.1 536 255

.0592 2.025 .494 8.33 2.8 701 250

.0623 1.999 .500 8.03 5.9 1,413 240

.0592 2.123 .471 7.96 6.2 — —

.0415 2.948 .339 8.18 5.2 1,186 228

.0434 2.801 .357 8.23 7.8 1,233 158

.0312 3.488 .287 9.18

.0211 4.647 .215 10.21
21.5 2,459 114
35.6 5,908 166

.0106 5.266 .190 17.92 71.9 12,743 177

University of Minnesota, 1973. 1970 data provided by William Wade, private communi-
cation, from the same sources as 1880—1960.

Man Wheat Hectares Land Days
Years Units to Produce (Hectares) Wage Land Labor
per Wheat per One Wheat per Rate Price to Buy
Unit Hectare Unit Worker (M/day)a (M/ha) One Hectare
(L/Y) (Y/A) (A/Y) (AlL) (Ps) (P4) (PA/PL)
(8) (9) (10) (11) (12) (13) (14)

.1358 1.06 .946 6.96 2.28 1,778 780

.1201 1.11 .903 7.52 2.43 1,674 689

.1235 1.15 .866 7.01 2.69 1,584 589

.1080 1.24 .810 7.49 3.00 1,583 528

.0984 1.27 .785 7.98 11.5 2,831 246

.0861 1.37 .723 8.45 14.9 4,055 272

.0756 1.50 .665 8.80 20.6 5,405 262

.0793 1.45 .688 8.68 33.1 5,200 157

.0643 1.53 .654 10.17 479.4 125,000 261

.0300 2.48 .403 13.44 1,508.0 250,000 166

.0167 3.70 .270 16.19 37.5t 7,960t 212

versity of Minnesota, 1973. 1970 data provided by William W. Wade, private communica-
tion, from the same sources as 1880—1960.
tin new francs. One new franc is equal to 100 old francs.



Output (Y) Male Labor (L) Agricultur al Land (A)
Wheat Index Index Index per Man
Units (1880 Number (1880 Hectares (1880 Year
(000) 100) (000) = 100) (000) = 100) (YIL)

Year (1) (2) (3) (4) (5) (6) (7)

1880 20,847 100.0 1,288 100.0 18,949 100.0 16.19
1890 21,696 104,1 1,235 95.9 19,331 102.0 17.57
1900 21,040 100.9 1,178 91.5 19,602 103.4 17.86
1910 21,696 104.1 1,221 94.8 19,484 102.8 17.77
1920 21,696 104.1 1,154 89.4 19,121 100.9 18.80
1925 21,889 105.0 1,199 93.1 19,798 104.5 18.26
1930 23,163 111.1 1,151 89.4 19,611 103.5 20.12
1940 27,332 131.1 1,079 83.8 19,453 102.7 25.33
1950 31,502 151.1 985 76.5 19,518 103.0 31.98
1960 38,605 185.2 853 66.2 19,894 105.0 45.26
1970 49,203 236.0 562 43.6 18,831a 994 87.55

Outpu t (Y) Male Labor (L) Agricultur a! Land (A)
Wheat Index Index Index per Man
Units (1880 Number (1880 Hectares (1880 Year

Year
(000)
(1)

100)
(2)

(000)
(3)

= 100)
(4)

(000)
(5)

= 100)
(6)

(Y/L)
(7)

1880 103,711 100.0 7,959 100.0 202,000 100.0 13.0
1890 123,416 119.0 9,142 115.0 235,000 116.4 13.5
1900
1910

160,753
170,087

155.0
164.0

9,880
10,359

124.1
130.2

318,000
333,000

157.4
164.9

16.3
16.4

1920
1925
1930

186,681
199,126
211,571

180.0
192.0
204.0

10,221
9,818
9,414

128.4
123.4
118.3

363,000
350,000
381,000

179.7
173.3
188.6

18.3
20.3
22.5

1940 240,611 232.0 8,487 106.6 411,000 203.5 28.4
1950 295,578 285.0 6,352 79.8 451,000 223.3 46.5
1960 352,619 340.0 3,973 49.9 435,000 215.3 88.8a
1970 417,957 403.0 2,655 33.4 426,000 210.9 157.4

NorE: Data are five-year averages centered on year shown.
SOURCE: 1880—1960 data from Yujiro Hayami and Vernon W. Ruttan, Agricultural De-
velop,nent, An International Perspective (Baltimore: The Johns Hopkins University Press,
1971), table C-2 and table A-2. 1970 value: USDA; Agricultural Statistics, 1973, Index
of average value per acre, March value, table 619; Changes in Production and Efficiency,

pet

(L
(8)

.06

.05

.05

.05:

.05i

.03:

.011

.076

.074

.061

.060
.054
.049
.044
.035
.021
.011
0061

Table 10.A.S United Kingdom: Output, Factor ProductivIty,
and Factor Price Data, 1880—1970

NOTE: Data are five-year averages centered on the year shown, except for (a) 1970 only.
SOURCES: 1880—1960 data from William W. Wade, "Institutional Determinants of Tech-
nical Change and Agricultural Productivity Growth" (tables 0-1 and 0-4), Ph.D. diss.,

Table 10.A.6 United States: Output, Factor Productivity,
and Factor Prices Data, 1880—1970
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Man Wheat Hectares Land Days
Years Units to Produce (Hectares) Wage Land Labor
per Wheat per One Wheat per Rate Price to Buy
Unit Hectare Unit Worker (M/day) (M/ha) One Hectare
(L/Y) (Y/A) (A/Y) (A/L) (PL) (PA) (PA/Pt)
(8) (9) (10) (11) (12) (13) (14)

.0618 1.10 .909 14.71 2.6 2,588 995

.0569 1.12 .891 15.65 2.5 2,174 870

.0559 1.07 .932 16.64 2.6 2,065 794

.0563 1.11 .898 15.96 2.8 2,065 738

.0532 1.13 .881 16.57 7.9 1,720 218

.0548 1.11 .904 16.51 5.5 1,512 275

.0497 1.18 .847 17.04 5.8 1,096 189

.0395 1.41 .712 18.03 7.2 1,730 240

.0313 1.61 .620 19.82 17.1 4,051 237

.0221 1.94 .515 23.32 28.8 6,076 211

.0114 2.61 .383 33.51 555a 11,260 203

University of Minnesota, 1973. 1970 data provided by William Wade, private communi-
cation from the same sources as 1880—1960.

Man Wheat Hectares Land Days
Years Units to Produce (Hectares) Wage Land Labor
per Wheat per One Wheat per Rate Price to Buy
Unit Hectare Unit Worker (M/day) (M/ha) One Hectare
(L/Y) (Y/A) (A/Y) (ALL) (Pr) (PA) (PA/Pt)
(8) (9) (10) (11) (12) (13) (14)

.07670 .513 1.95 25.4 .90 163 181

.07410 .526 1.90 25.7 .95 132 139

.06150 .506 1.98 32.2 1.00 129 129

.06090 .511 1.96 32.1 1.35 213 158

.05480 .514 1.94 35.5 3.30 352 107

.04930 .569 1.76 35.6 2.35 269 114

.04450 .555 1.80 40.5 2.15 247 115

.03530 .585 1.71 48.4 1.60 180 113

.02150 .655 1.53 71.0 4.50 389 86

.01130 .811 1.23 109.5 6.60 711 108

.00635 .981 1.02 160.5 11.58 1,247 108

1973, table 21, Index of total hours used for farmwork; Changes in Production and Effi-
ciency, 1973, table 25, Index of farm real estate; Changes in Production and Efficiency,
1973, table 2, Index of output.
'Differs from Hayami and Ruttan, table 8-1, col. (6). 1960 value in 8-1 is incorrect. 1960
wheat units = 352619. Table A-2; 1960. Workers 3973. Table C-2, col. 4—9.
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574 Saburo Yamada/ Vernon W. Ruttan

Appendix B
Intercounery Cross Section Data for 1970

In this appendix we explain the data used for the intercountry com-
parison of agricultural productivities.1 Data were collected or estimated
for forty-one countries for 1970.2 However, to reduce the effects of
yearly fluctuation, agricultural output and fertilizer consumption were
measured as 1968—72 averages and 1969—7 1 averages, respectively.

Agricultural Output (Al)
The output variable estimated in this study3 is specified as gross agri-

cultural output, net of agricultural intermediate products such as seed
and feed (including imported feed). The series of 1968—72 average
outputs were extrapolated from the 1962—66 data, which were estimated
in Yujiro Hayami et al. (1971) using the Food and Agricultural Organi-
zation's index numbers of total agricultural production (FAO, 1972)
for the respective countries.4

1. The intercountry cross section data for 1970 used in this study were esti-
mated partly on the basis of the intercountry data for 1962—66 compiled in Yujiro
Hayami in association with Barbara B. Miller, William W. Wade, and Sachiko
Yamashita, An international Comparison of Agricultural Production and Produc-
tivities. University of Minnesota Agricultural Experiment Station Technical Bulle-
tin 277, March 1971. The data and analysis are recompiled in Yujiro Hayami
and Vernon W. Ruttan, Agricultural Development: An International Perspective
(Baltimore: The Johns Hopkins University Press, 1971). To maintain compara-
bility, the concepts and methods of estimating inputs and output variables for 1970
are the same, although input categories of agricultural perennial plants stock and
an aggregate of various fixed capital stock, which were not counted in the above
studies at all, are estimated also in addition to them in this study. More detailed
explanations on the concepts and methods are available in the above sources.

2. The number of the countries of which data were compiled in the Hayami-
Ruttan studies was forty-three. However, due to the lack of data for 1970, Libya,
Syria, and the United Arab Republic were excluded in this study. Instead, the old
Pakistan was divided into the independent Bangladesh and the new Pakistan,
resulting in the number of the countries analyzed in this study being forty-one.

3. Recently we estimated a series of aggregated agricultural production for
Asian countries by using wheat-based price relatives for the 1961—65 period which
were originally utilized in the FAO index numbers of agricultural production in a
Saburo Yamada, A Comparative Analysis of Asian Agricultural Productivities
and Growth Patterns (Tokyo: Asian Productivity Organization, 1975). We could ruse the same weighting method in estimating agricultural production for this study.
However, it would involve a major effort and would involve more time than the
schedule for the present conference would permit.

I

U

4. The ratio of the 1968—72 average to the 1962—66 average of the index num- Y

bers (1961—65 100) was multiplied by the 1962—66 average of agricultural out- e
put in terms of wheat units estimated in Hayami et al., International Comparison,

I r
for each country. For Taiwan, the 1969—71 average was used instead of the 1968—
72 average because of the lack of data.
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The 1962—66 data were extended from the 1957—62 output data by
using the old series of the FAO production index as well.

The series of 1957—62 average outputs were estimated as follows:
(a) deduct the seed, feed (including imported feed), eggs for hatch-

d ing, and milk for calf rearing from the quantities of individual agri-
cultural commodities produced, (b) aggregate the quantities by the

e three sets of wheat relative prices derived from the farm-gate prices
(or the imported prices of commodities not produced domestically)
for the U.S.A., Japan and India, to produce three aggregate output
series, and (c) combine these three series into a single composite
series by taking their geometrical means.5

Data on the quantities produced were taken from Production Yearbook
of FAQ and data for the deduction of seed and feed from FAQ's Food
Balance Sheets.

However, there were no estimates of 1965 (1962—66 average) agri-
cultural output for Mauritius, Paraguay, and Surinam in Hayami et al.
(1971). For these countries, 1968—72 output was extrapolated from
1960 (1957—62 average) data in the book using the growth rate between

) 1962—66 and 1968—72 in the FAO indices of the respective countries.
Since data for Pakistan in the book were those before the independence
of Bangladesh, 1965 output of the old Pakistan was divided into the
present two countries by using the relative ratios of agricultural produc-
tion between the two for 1961—65 estimated in Yamada (1975).

Number of Male Workers in Agriculture (A2)
The number of male workers in agriculture (farm workers) was

estimated from the data of the economically active male population in
agricultural occupations (agriculture, forestry, hunting, and fishing),

• published in the Yearbook of Labor Statistics, various issues, by the
International Labor Organization (ILO).

Due to the lack of adequate conversion factors, the number of male
• workers in agriculture for 1970 was transformed from the population
• in agricultural occupations for 1970 using 1960 conversion factors, i.e.,

the ratios of agricultural output to the output of agriculture, forestry,
and fishing combined, assuming that labor productivities are equal be-

• tween these agricultural occupations. The conversion factors were de-
rived from Hayami and Ruttan (1971), table A—2.

For countries where 1970 data for the economically active male pop-
ulation in the agricultural occupations are not available in the ILO
yearbooks, several methods were used for estimating 1970 data: (a)
extrapolations or interpolations were conducted by using the growth
rates between the nearby years data that are available in the ILO year-

5. Ibid., p. 5.
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books of Hayami et a!. (1971), for Australia, Austria, Greece, India, kIreland, New Zealand, Taiwan, and Turkey; (b) the ratios of male
workers to the total workers in agriculture for a nearby year when the o
data were available in the ILO yearbooks were multiplied by the num-
bers of the total agricultural workers for 1970 which appeared in FAO
(1972), table 5, for Bangladesh, Colombia, France, Mauritius, Nether-
lands, Pakistan, Paraguay, Spain, Sri Lanka, Surinam, and United King-
dom; (c) 1971 data in the ILO yearbook were used for 1970 for Yugo-
slavia. ft

In the case of Japan, the number of agricultural (farm) male workers 0

was inferred from Bureau of Statistics (1971), pp. 73—74, instead of the
ILO data, because the equal productivity assumption between agricul- tr

ture and the other agricultural occupations is not plausible in Japan.7

Agricultural Land Area (A3)
The agricultural land area is the sum of the areas of arable land, land

under permanent crops, and permanent meadows and pastures, available a'
in FAO, Production Yearbook, various issues. Since we could not find p
appropriate weights for aggegation, the summation was made without 0

weighting.
In countries where 1970 data for agricultural land area are not avail-

able, extrapolations or interpolations were made by using the growth
rates between the nearby years data that are available in the FAO data.
These countries are Argentina, Austria, Canada, Chile, Greece, India,
Paraguay, Peru, Portugal, South Africa, Surinam, Switzerland, Taiwan,
United Kingdom, United States, and Venezuela. Data for Bangladesh
and Pakistan are referred from Yamada (1975), table 4. WI

Farm Capital Stock (A4—A7 and A9—A1 1)
p1

Farm capital stock specified in this study is the aggregate value of
livestock, agricultural machinery, and agricultural perennial plants. Va!-
ues of agricultural buildings and structures, including irrigation facilities,
were excluded due to lack of data. The estimation of each category of an
capital stock and aggregation method used in the study is as follows:

Livestock (A9) c

The total value of livestock aggregates the various kinds of animals
in terms of livestock units for each country. Data for the numbers of
livestock animals existing on farms are taken from FAO (1972). The

hq

6. Ibid., p. 6. mI

7. If we apply the same method for Japan as for other countries, the number NI
of male workers in agriculture is 3,419 thousand in 1970, which is too small corn- at4
pared with the data in Japan's Labor Force Survey. A4
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a, kind of animals and the livestock units as the aggregation weights are
le camels 1.1; horses, mules, and buffalo, 1.0; cattle and asses, 0.8; pigs,

0.2; sheep and goats, 0.1; and poultry, 0.01. These units appear in FAO
(1971), p. 716.

0
Machinery (AlO)

Only agricultural tractors and garden tractors are counted as agricul-
tural machinery in the study. These numbers were aggregated in terms
of horsepower by assuming that the average horsepower of farm tractors

rs and garden tractors was 30 and 5, respectively. Data for the number of
tractors in 1970 were taken from FAO (1972).

Perennial Plants (Al 1)
For available data, different kinds of perennial plants should prefer-

ably be weighted by their respective prices for weights and added to get
e an aggregate value of capital stock. But due to the lack of data on tree
d population or area planted to various perennial plants and unit values
tt of perennial plants, the total area of land under permanent crops was

used as a crude approximate indicator for the total amount of perennial
- plants as capital stock. Data for 1970 are taken from FAO, Production

Yearbook, various issues. For countries where 1970 data were not avail-
able, extrapolations or interpolations were conducted by using the
growth rates for a nearby period (Austria, India, Peru, and Switzerland),
or data for a nearby year (Argentina, Chile, Greece, Paraguay, Portugal,
South Africa, Surinam, United States, and Venezuela). For countries
where no information is available at all for land under permanent crops,
perennial plants as capital stock were not estimated.

f Aggregated Value of Livestock, Perennial Plants, and Machinery
- (A4—A7)

The weights for aggregating the volumes of livestock, perennial plants,
and machinery into an aggregated value of farm fixed capital stock
should preferably be their average or representative relative prices of all
countries. However, the average prices of all countries were not used
due to lack of data; instead the relative prices in terms of wheat units
for Japan in 1961—65 were used as the aggregating weights.

The estimated average prices assumed in this analysis are as follows:
60 thousand yen per one livestock unit, 25 thousand yen per one tractor
horsepower, and 680 thousand yeb per one hectare of land under per-
manent crops. These were estimated on the basis of various issues of

• Noson Bukka Chingin Chosa Hokokusho (Survey Reports on Prices
• and Wages in Rural Areas), Nogyo oyobi Nokano Shakai Kanjo (Social

Accounts of Agriculture and Farm Households) and Norinsho Tokei

—• --• • •
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Hyo (Statistical Yearbook), all of Japan's Ministry of Agriculture and
Forestry.8

In calculating the wheat units for each category of the capital, each
of these prices was divided by 1961—65 price per ton of wheat taken
from the Price Survey mentioned above. The weights in terms of wheat
units are 1.74 per livestock unit, 0.72 per tractor horsepower unit, and
19.79 per hectare of land under permanent crops, respectively.9

Fertilizer Consumption (A8)
The data on fertilizer input in terms of total physical weights of N,

P205, and K20 contained in commercial fertilizers consumed in 1969—
71 are taken from FAO (1972).

Ratio of Nonagricultural Labor (A 12)
As an indicator of industrialization, the ratios of workers in nonagri-

cultural occupations (other than agriculture, forestry, hunting, and fish-
ing) to the total number of the economically active population were
calculated for respective countries from the data published in ILO,
Yearbook of Labor Statistics, various issues, and FAO (1972).

General Education—School Enrollment Ratio (Al 3)
The school enrollment ratio is the ratio of the number enrolled in the

first and second levels of education to the population of potential enroll-
ment. It represents the increase in the level of education. In order to
convert the enrollment ratio into a measure of the stock of education,
the averages of the data for 1960, 1965, and 1970, and alternatively
those for 1955, 1960, and 1965, were used. The data were taken from
UNESCO, Statistical Yearbook, 1972, and Hayami and Ruttan (1971)
table A—5.

Technical Education—Number of Graduates from Agricultural Colleges
per 10,000 Male Farm Workers (A 14)

The number of graduates from agricultural colleges per 10,000 male
farm workers was considered as a proxy variable for the level of techni-
cal education in agriculture. The data source is UNESCO, Statistical
Yearbook, 1972 and 1973.

8. More detailed explanations on the estimating procedures are available in
Yamada, Comparative Analysis.

9. It should be mentioned that the capital stock estimates are not nearly precise,
particularly those of machinery items, as only the tractors were taken into ac-
count. In addition, aggregating weights were based on Japan data, and hence the
estimates are Japan-biased.
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Farm Wage Rate (A15)
The farm wage rate is defined as the wage received by a male farm

worker per day. Hourly, weekly, and monthly wages presented in FAO,
Production Yearbook (1973) are converted into daily wages by assum-
ing eight work hours in a day, six work days in a week, and twenty-four
work days in a month.

Tractor Price (A16)
Tractors and farm machinery prices paid by farmers are only avail-

able for Australia, Germany, Japan,. and the United States in FAO,
Production Yearbook. For other countries in this study the average
import price of tractors for 1970 derived from FAO, Trade Yearbook
(1972) were used as a proxy indicatçr of the tractor price.
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Table 1O.B.3 Intercountry Cross Section Data for Human Capital
and Prices, 1970

I
E

Country

School enrollment
ratio

Number
of graduates
from agri-
cultural
colleges per
10,000 farm
workers, 1970
(A14)
Persons

.

Farm
wage
rate Tractor
per day, price
1970 1970
(A15) (A16)

U.S. dollars

1955—60—65 1960—65—70
average average
(A13-1) (A13.2)

Percent

Argentina
Australia
Austria
Bangladesh
Belgium

73 76
91 91
70 89
na. 26
99 93

6.04
28.6g
10.05
0.26

25.11

2.41 9,743
3,147

4.78 2,047
4,979

7.04 1,154

Brazil
Canada
Chile
Colombia
Denmark

50 57
81 91
74 78
51 54
88 86

1.97
38.78
9.16
2.97

16.23

17,990
11.95 2,985

2,273
3,626

6.59 1,768

Finland
France
Germany, Fed.
Greece
India

83 80
91 90
86 88
72 83
33 41

20.26
6.13

11.06
6.73
0.84

5.52 2,348
3.78 822
5.63 2,029

2,182
0.38 1,661

Ireland
Israel
Italy
Japan
Mauritius

95 89
88 80
60 72
89 93
78 66

8.11
24.92

3.25
31.41

3.49

5.83 1,241
4.46 5,921

2,511
4.19 4,008
1.06 11,103

Mexico
Netherlands
New Zealand
Norway
Pakistan

59 57
91 86
91 90
88 92
27 26

0.83
33.31
57.36
38.73

1.60

1.70 7,849
8.96 1,717
4.85 3,000
9.83 3,294
1.43 5,241

Paraguay
Peru
Philippines
Portugal
South Africa

62 64
57 72
75 84
61 74
70 68

2.46
4.57
2.71
1.91
4.00

4,072
8,723
5,777

2.54 2,046
2,948

Spain
Sri Lanka
Surinam
Sweden
Switzerland

67 78
77 75
80 80
79 92
66 70

2.30
0.24
9.00

22.21
6.63

3,138
0.57 2,905

5,517
13.56 1,768

1,719

Taiwan
Turkey
U.K.
U.S.
Venezuela
Yugoslavia

70 70
46 59
85 89

100 100
70 70
na. 78

8.50
1.27

24.27
65.96

5.04
7.91

3.32 6,114
7.67 3,460

11.70 2,819
4,930

3.21 2,131
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Comment G. Edward Schuh

The Yamada-Ruttan paper represents an attempt to interpret several
bodies of data on partial productivity within the framework of the in-
duced innovation hypothesis. This approach provides a richer interpre-
tation of data on partial productivity than is usually obtained, and
enables us to move beyond the mere reporting of productivity measures
—important as that is to furthering our knowledge. The use of the
induced innovation hypothesis provides a means of understanding de-
velopment processes and development experience in a way that enables
us to extend development theory while at the same time confronting that
theory with a reasonably rich body of data.

The Yamada-Ruttan paper is a continuation of the work reported in
Hayami and Ruttan's book, Agricultural Development: An International
Perspective. Hayami and Ruttan reactivated Hicks's micro theory of
induced innovations and applied it at the macro level in agriculture—a
sector where an important share of the research has to be socialized—
or in the public sector. Their particular interpretation of the theory
provides insight with which to understand agricultural development
processes, especially in the instrumental role they give to innovation
activities. Their basic model rests on a distinction between the primary
inputs of land and labor; secondary inputs of conventional capital, rep-
resented by mechanization, fertilizers, livestock, and permanent crops;

G. Edward Schuh is at the University of Minnesota.
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and human capital variables, represented by general education and
technical education. Innovations are specified as of two basic kinds. t11

Biological innovations such as improved plants are viewed as a means
of facilitating the substitution of fertilizer for land, while mechanical
innovations are viewed as a means of facilitating the substitution of land
and capital for labor. p

Analytical interest focuses on the sources of productivity of land and S

labor, and separability of the production function is assumed so that
within a range the forces determining the productivity of land can be 1

viewed as relatively independent of the forces determining the produc-
tivity of labor. The two partial productivity measures are linked through
the ratio of land area per worker. Thus Y/L = (A/L) (Y/A), where
Y output, L = labor, and A = land area. Growth in land area per
worker (AlL) is also assumed to be relatively independent of output C

per worker.
These ideas gave rise to the concept of a metaproduction function, 9

which the authors define in this paper as the envelope of the production
points for the most efficient countries. (In previous work the metapro-
duction function has been equated with Ahmad's [1966] innovation pos-
sibility curve [IPC], which can be regarded as the envelope of neoclassi-
cal production functions which might be invented.) The metaproduction
function describes a technological frontier which countries now lying
inside it can achieve by appropriate borrowing and adaptive research
activities and by investment in human capital, extension, and rural infra-
structure.

Viewed in this framework, technological innovation is given the very
instrumental role of opening up new areas along an innovation possibil-
ity curve, and facilitating the substitution of inputs produced in the
industrial sector for primary inputs in agriculture. In the hands of
Hayami and Ruttan, this factor substitution led to a theory of output c

growth, for it was postulated that inelasticity in factor supply of primary
inputs such as land and labor imposed constraints on output growth.
Biological and mechanical innovations which facilitate factor substitu-
tion permit these constraints to be eased, and a more rapid rate of output
growth is the result.

The contribution of the present paper is to analyze two additional
sets of data not available for the Hayami-Ruttan study. The first is a set

fof time series data on Germany, Denmark, France, and the United
Kingdom—four developed countries which supplement the previous
detailed record of the development of agriculture in Japan and the
United States. The second is a set of cross-sectional data on forty-one alcountries for 1970, which supplements the 1960 data used in the pre-
vious study. These latter data are used to reestimate the parameters of
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the aggregate production function, and the new parameter estimates are
then used to account for differences in productivity among countries.

There is a wealth of material presented for such a short paper. The
highlights of the results obtained are as follows:

1. The first part of the paper reviews the evidence on long-term out-
put and productivity growth in the six developed countries. The analysis
shows that there were enormous differences in factor endowment among
the six countries in 1880, and that these differences remained large in
1970 despite the enormous adjustments in factor use that had taken
place. Those countries in which land area per worker was relatively
limited in 1880 depended primarily on increases in output per hectare
as a primary source of growth, and have been able to achieve rates of
growth in total output and in output per worker that have been roughly
comparable to the rates achieved by countries with more favorable re-
source endowments. Growth rates in output and in land and labor pro-
ductivity have risen sharply in most countries since 1930. In contrast
to growth rates of less than 2% in these variables prior to 1930, modern
growth rates range in the neighborhood of 2—4% in output, over 5%
in output per worker, and 2—4% in output per hectare.

2. In the second part of the paper an analysis is made of the relation-
ship between factor prices and the pattern of factor use associated with
growth in output and factor productiyity in the six developed countries.
The statistical results, using time series data for each of the countries,
support the hypothesis that changes in factor use have been responsive
to changes in relative factor prices. Fertilizer use per hectare has been
responsive to the prices of fertilizer and of labor relative to the price of
land. And the two complementary inputs—power per worker and land
per worker—have been responsive to the prices of land and machinery
relative to labor, although the statistical results are less strong in this
case.

3. The third section of the paper is devoted to an examination of
contemporary productivity differences among countries. Data are syn-
thesized on land and labor productivities for forty-one countries in
1970. These countries are classified into three types of country groups
on the basis of the relative dominance of biological and mechanical
technology in their development experience, and differences in the tech-
nological patterns are analyzed in relation to the resource endowments
for the respective country groups. The level of technological improve-
ment is then related to the extent of industrialization or development
in the nonagricultural sector of each country, and interrelationships
between the land and labor productivity ratios and various input ratios
are explored on the basis of correlation analysis to illustrate the sources
of productivity differences among countries.

—A
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The intercountry differences in productivity ratios are quite large. The
grouping of the countries is according to whether they are similar to
the U.S., Japan, or the European countries. The authors note that in
terms of their level of development the countries tend to align them-
selves in such a way as to be consistent with the historical paths followed
by each of these three countries or groups of countries. Simple correla-
tion analysis suggests again that resource endowments are an important
factor both in determining the choice of technology and in inducing an
efficient path of technological development over time. A strong associa-
tion between industrialization and technological improvements is found.
Relationships between human capital variables and labor productivity
are found to be strong, but the association of these variables with land
productivity is somewhat weaker.

4. In the fourth section of the paper the cross-sectional data on the
forty-one countries are used to fit the parameters of a Hayami-Ruttan
metaproduction function. These parameters are in turn used to account
for the differences in productivity among selected countries. The pro-
duction function is the Cobb-Douglas type and the specified inputs in-
clude conventional inputs as well as nonconventional inputs such as
general and technical education.

The statistical results of estimating the production function were not
as good as Hayami and Ruttan obtained with the 1960 data. Neither
land nor general education had statistically significant coefficients, and
the coefficient for fertilizer almost doubled compared to the estimate
obtained with 1960 data.

Using somewhat arbitrary production elasticities, an analysis is made
of the differences in labor productivity between the U.S. and five other
countries (including Japan), and of the differences in land productivity
between Japan and the other five countries (including the U.S.). The
four conventional inputs account for 56—67% of the differences in out-
put per worker between the U.S. and the other four countries. Differ-
ences in human capital account for around 30% of the difference in
output per worker between the U.S. and four of the countries, but in the
case of Japan, it accounts for only 12% of the difference.

In the case of land productivity, the four conventional inputs account
for between 45 and 97% of the observed differences among the selected
countries. The human capital variables also account for an important
share of the differences in land productivity, and are particularly impor-
tant in accounting for the differences between Japan and India and
Turkey.

In a final section Yamada and Ruttan remind us that, although con-
sistent with the induced innovation hypothesis, their results do not
provide a rigorous test of that hypothesis. They believe that the evidence
they produce is so strong, however, that there is a presumption that the
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rhe induced innovation hypothesis was involved. In their view the results
to of their analysis support a conclusion that failure to take advantage of
in the potential growth from human capital and technical inputs represents

rn- a significant constraint on agricultural development around the world,
'ed and that differences in the natural resource base account for an increas-
la- ingly less significant share of the widening productivity gap among
Iflt countries.
an In viewing the less developed countries, with their expected labor
Ia- force explosion in the years ahead, Yamada and Ruttan believe that
id. failure to effectively institutionalize public-sector agricultural research
Ity can seriously distort the pattern of technical change and resource use.

The point is that the private sector will have ample incentive to produce
mechanical innovations and those biological innovations that can be
embodied in proprietary products. The private sector will not have ade-

In quate incentives to produce other biological innovations, however, with
nt the result that the productivity path will not be consistent with factor

endowments, especially in the more labor-intensive less developed coun-
tries.

15 As this brief overview should have made clear, the Yamada-Ruttan
paper is a particularly rich bag, and it is difficult, in a brief synthesis,
to do justice to the richness and diversity of the material presented. The
authors have done yeomanly duty in bringing data together, in presenting

d them in imaginative and enlightening ways, and in attempting to inter-
e pret them with a larger body of development theory.

Similarly, the importance of the subject—productivity in agriculture
e —can hardly be denied. The problem of world hunger has dominated
r newspaper headlines over the last three years. It is generally recognized

that the world's burgeoning population growth will be fed only with a
- sizable and sustained increase in productivity. Equally as important,
- the bulk of the world's poor are concentrated in agriculture. Their lot

can be improved only through growth in productivity.
In many respects, however, the preSent paper is disappointing. It fails

to capitalize fully on the new sets of data it uses, and treats some rather
serious statistical problems in a rather cavalier fashion. When statistical
results do not support preconceived notions of how the world is, the
authors have somewhat of a tendency to stay with their preconceived
notions. And some rather serious measurement problems or problems
of correspondence are quietly swept under the rug.

In commenting on the Yamada-Ruttan paper I would like to focus
on five main issues.

I. The maintained hypothesis. Considerable effort by the authors has
gone into synthesizing time series data on four additional developed
countries for comparison with the experience of Japan and the United
States, and into generating a new set of cross-sectional data on forty-one
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countries. The analysis of these data would have been considerably p
enriched if some a priori hypotheses about development experience had
been specified and tested. The original Hayami-Ruttan analysis was rich
in ideas about the role of institutional arrangements and how they might if

influence the technological path chosen. The theory was also capable of
generating hypotheses about particular paths of development that might
have been expected to be taken over the last decade, given knowledge
about changes in factor price ratios. Yet the reader finds only tangential q
reference to such a priori thought which might have enriched the analy-
sis of these important sets of data. We are left almost totally in the dark
about why these particular four developed countries were chosen; we
see no discussion of how different institutional arrangements might have
influenced the particular development paths chosen; and we see little q
a priori discussion of how production elasticities of the aggregate pro-
duction function might have been expected to change over time, if at all, P
or of how the development experience in 1970 might be expected to
differ from the experience observed in 1960. Instead, the new data are
analyzed rather mechanically, in much the same way as in the previous
study, with little attention given to a priori hypotheses or to how they
might be tested with the data.

As a result, there is a general tendency to fail to answer some impor-
tant "why" questions. For example, why did output per hectare rise less
rapidly in Denmark during 1930—70 than during 1880—1930? Why did
France experience the most dramatic transition of any of the six coun-
tries between 1880—1930 and 1930—70? Why was the U.S. persistently
on a quite different growth path than the other five countries? Why was
Denmark the only country that experienced a sustained decline in land
per worker?

2. The specification of the production function. The Cobb-Douglas
production function is at best a crude approximation to the metaproduc-
tion function, or to the underlying theoretical model that the authors
lay out. It was useful as the basis for a first test of the Hayami-Ruttan
model. But if the authors want to advance our knowledge beyond that
first approximation, they need to probe more deeply. Just a couple of
points are worth noting. First, discussion early in the paper focuses on
complementarity between some inputs and strong substitutability among
others. Yet the Cobb-Douglas does not permit us to accomodate these
differences. Similarly, the Cobb-Douglas assumes an elasticity of substi-
tution of one. Yet their own statistical results suggest that the elasticity
of substitution beween machinery horsepower and labor is greater than
one.

These problems are troublesome. At the least the problems should
be addressed. More importantly, if the authors are to capitalize on the
insights offered by the Hayami-Ruttan model, they need to specify a



591 International Comparisons of Productivity in Agriculture

production function that can accommodate the implications of that
model.

3. Statistical problems. There are a number of statistical problems
ht in the paper, some of which are rather obvious, others of which are
of more subtle. In the first place, the land and labor productivity equations
ht consistent with the Cobb-Douglas production function contain for esti-

mational purposes exactly the same variables on the right-hand side as
al the original production function. The only difference is that the coeffi-

cient of the input whose productivity is being considered is now equal
•k to the production elasticity of the production function minus one, which
•e means that the estimated coefficient will typically be negative. The
e coefficients of all other variables will be exactly the same as in the
e original production function. Put differently, there is little to be gained
- from estimating the parameters of both the production function and the

productivity equations. In a Cobb-Douglas world they are virtually
) the same.

This problem would not be so serious if it were not that Yamada and
s Ruttan use a production elasticity of .25 for education in accounting for

differences in productivity among countries, apparently on the basis that
its coefficient was a statistically insignificant .26 in one version of each
of the two productivity equations. These results must be taken with a
grain of salt, for the productivity equations are improperly specified
and hence add little to our knowledge. In point of fact, the authors have

• no statistical support for the role of general education in the production
function from this particular set of data, or at least from this set of
regressions.

A second statistical problem has to do with the problem of inter-
correlation. This problem comes up in the lack of statistical significance
for the coefficient of land and the small size of this coefficient. I agree
with the authors that the importance of land is often exaggerated in the
discussion of agricultural development. But to accept the notion that
land has virtually no importance in the production function is to ask a
bit much, especially with the particular set of countries included in their
sample. What has likely happened is that the fertilizer variable has
picked up the effect of the land input. These two variables would be
expected to be highly interdependent, and it is worth noting that the
increase in the fertilizer coefficient, compared to the 1960 data, is ap-
proximately equal to the decline in the coefficient of land. These shifts
in coefficient values are very likely statistical artifacts, and of no eco-
nomic significance—despite the authors' inclinations to give them an
economic interpretation.

More generally, the authors are rather cavalier about statistical prob-
lems in general. Little attention is given to evaluating the statistical
results obtained, or to the use of alternative procedures whereby the
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statistical results might have been improved.1 Such procedures might
have been especially useful in the case of the lack of statistical signifi-
cance for the coefficients of both land and general education. A more
careful statistical evaluation of the production function was an impera- a!

tive in light of the desire to use the production elasticities in accounting
for the sources of differences in productivity among countries.

4. Problems of measurement. The disappointing statistical results
with the aggregate production function may also be due to measurement
problems. Education is a good example. Its quality varies widely from dj

one country to another, as does the nature of training and the goals of
education. The surprise is probably that such a crude measure of educa-
tion worked in the previous study, not that it performed so badly in the
present case. Is

The problem with land is even more severe. This variable is measured all

as the simple sum of the areas in arable land, land under permanent
crops, and permanent meadows and pastures. In other words, a hectare
of pasture land on the frontier of Brazil is given the same weight as a
hectare of prime Iowa farmland, or as a hectare of land on the Indo- TflJ

Gangetic plain that can grow two and in some cases three crops per year. ha

Land is really a proxy for a very complex set of variables in these Sp

models, ranging from inherent soil quality in terms of nutrients and soil
characteristics, to rainfall, temperature, and distribution of rainfall. dii

Moreover, the degree of multiple cropping and interplanting varies F1

widely from one place to another within a country, and from one coun- fai

try to another. The implication, of course, is that it makes little sense to
just add up such widely differing units of an input. And if one does, he
should not be very surprised that the result does not perform very well
in a regression analysis.

One can sympathize with the difficulty of attempting to come to grips F4

with this problem. But the warning flag has to be raised when the esti-
mated coefficients do not meet the usual statistical tests. This reviewer
admits to having little confidence in the results presented in the section dei

which attempts to account for differences in productivity among the Clu

selected countries. A coefficient of .25 was used for education, when
there was absolutely no statistical support for this variable in the esti-
mation of the production function. A coefficient of .02 was used for
land, yet this also was from a coefficient that was not statistically

a priori information that one has suggests that
land has a greater role in the production process than a coefficient of a

.02 implies.
sli

1. The problem of simultaneity rears its ugly head on a number of occasions, weespecially when land values are used as explanatory variables. Little appreciation
for that problem is found in the paper.
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t These difficulties are brought to the fore by the tendency of the au-
thors to come down so heavily on the side of the human capital vari-
ables. Clearly, if one puts so little weight on land and such a large weight
on general education, the results are almost foreordained.

5. Additional variables or alternative interpretations. Hayami and
Ruttan and their immediate intellectual forebears in the field of agricul-
tural development have substantially broadened our perspectives on the
development process by incorporating social or infrastructure variables
such as research and education into the aggregate production function.
Clearly, that is to focus attention on two important variables, and the
theoretical and empirical evidence for these previously omitted variables
is relatively strong. But an objective observer can still be concerned
about misspecification, especially in the context of drawing on inter-
national data.

Perhaps the two variables of most importance are economies of scale
and specialization in production. The evidence on the first is rather
mixed, but at the same time it is fair to say that few of the tests that
have been made have been very rigorous or robust. On the gains from
specialization in production, we know even less. But as agricultural
sectors develop there is a tendency for geographic specialization in pro-
duction as well as for firm specialization in production to take place.
For example, farms in the American Midwest have evolved from general
farms with a wide range of production activities to specialized farms
with only one or two products. Moreover, there have been large shifts
in the location of production within the U.S.

The problem with both of these factors, especially in the present con-
text, is that both tend to be correlated with the level of development.
Farm enlargement occurs as labor is drained out of agriculture, and
specialization in production also tends to occur as development pro-
ceeds. Like it or not, general education is a good proxy for the level of
development in an economy. What we do not know is whether the coeffi-
cient for education is picking up the effect of these other variables, or
whether it is reflecting the effect of education as a quality
for labor. That is, the problem of specification bias is still with us.

It should also be noted that general education plays a dual role in
agricultural development. Although it makes labor more productive
within agriculture, it at the same time increases the employability of the
labor in the nonfarm labor market, thereby accelerating the rate of
out-migration from agriculture, other things being equal. If this input
"supply" effect should outweigh the input "demand" effect, the relation-
ship between education and land productivity would be expected to be
weak, especially in simple correlations.

To conclude on a somewhat more positive note, we are still in Ya-
mada and Ruttan's debt, despite these statistical problems and the

p
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1

associated problems of interpretation. Future students of agricultural
development will be indebted to them for the additional data they have
synthesized. And the attempt to link the level of urban industrialization
to the Hayami-Ruttan model, even if only informally, is promising.

But perhaps the most important strength of the paper is the attempt
to interpret the productivity data with a theory of agricultural develop-
ment. This enriches the interpretation of the data and provides insights
into a more general economic problem. The Hayami-Ruttan model is a
particularly insightful way of viewing the agricultural development pro-
cess. It is simple but powerful in what it enables us to dig out of the
data.
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