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Agriculture as a Sector

Exercises

5.1

In Chapter 4 we signed the changes in demand for sectoral Inputs m

response to resource change, taking mto account the vartous effects.

Do the same for technical change, where the change to be evaluated is

between two equilibrium points (“origimal” and “new”). Do it system-

atically for the following cases: '

() NTC of equal rates m both sectors.

{b) NTC in agriculture alone.

(c) Capital-augmenting TC in agriculture.

(d) Labor-augmenting techmcal change in agriculture.

(e) The introduction of a modern cereal variety in agriculture that 15
more productive and more capital intensive than the traditional
variety. '

Solve first for the small open economy and second for the closed
€Conomy.

Which of these cases (or what combinations of them) will yield results
which are consistent with the data on agricultural capital summarzed
mn Chapter 10? Do we do better if we combine these results with those
on capital accumulation presented in Chapter 47

Make the followmng assumptions:

Factor prices are equal across sectors.
Agriculture 1s the labor-mtensive sector.

Demand elasticities of x;(p. xy} and income elasticities, using class
notattons, are restricted by o, < 1,57 < 1.

The elasticities of substitution in both sectors are smaller than 1.

Heterogeneous Technology

So far we have assumed that the technology in each sector consists of a

- smgle technique. When there 15 an improvement in technology, producers are

expected to replace the old techmque with the new one. Within this framework.,
there 15 no reason to use the old technique, and only the new, more productive

technique should be employed. This conclusion, however, is mconsistent with
" the data, which show that the process of transition from old to new techmques

takes time, often a long time, during which different techmques coexist. This

. observation 1s important for understanding the process of the implementation
* . of new techniques, which 1s the mam vehicle for economic growth. ‘This chapter

examines two issues related to this process. First, we consider the reasons for
the coexistence of techmgques with an emphasis on the relationships between

. resource constraints, specifically capital accumnlation, and the implementation

of new techniques. Second, we analyze the effect of the appearance of a

- new techmque on the equilibrium position of the economy. This discussion
- 15 continued in subsequent chapters, particularly m Chapter 13, where we

also take up the implications of this framework for the empirical analysis of

- productivity and growth.

This discussion draws on the experience of the mtroduction of modern

* cereal varicties, known as the green revolution, which began m the mid-
+1960s. An empirical study of food gram growth in India based on district
* data provides empirical evidence for some of the propositions developed here

(Bhalla and Khan, 1979). In comparing production changes from the perod

1962-1965 (pre—green revolution) to 1970-1973, a period when the new
- technology in Indian agriculture was well established, the study concludes that
.the introduction of modern varieties:

. 1. represents techmcal change m that yields are increased and the produc-

uvity of all inputs 1s mcreased. including that of labor, whose factor
. share declines,

i 9. has required capital inputs,
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Figure 6.1 Resource constraint and the choice of techmaque

3. 15 capatal intensive in the sense that it increases the share of capital inputs
m total output, and

4. most important, has taken a fong time to 1mplement and after twenty
years is far from bemng completed. The transition period is characterized
by the coexastence of traditional and modern techniques.

Points 1-3 are consistent with the institution of labor-saving techmical
change generated by factor augmentation that, with given prices, results m
higher capital-labor ratios. This 1s demonstrated in Figure 6.1, where f; and
f, describe the production functions of the traditional and modern varieties
respectively. Let & m this example be the ratio of capital to land. ignoring
labor for the time bemg, and f; be the output per unit of land of technique
j- When the technology consists of the traditional variety alone, producers
produce at point A, with capital-land ratio k, and a rate of return, or marginal
productivity of captal, 7y = f] (k). The appearance of a modern technique, f,
opens up new possibilities. With a perfectly elastic supply of capital at rental
rate of capital r;, producers move to point M, where folky) =y, and the
return to land is higher than at A. In this case there is no scope for coexistence
of the traditional and modern varieties, and the traditional variety should
disappear.

The coexistence of techniques indicates that either the supply of capital is
not perfectly elastic at the gomg rate or else that there are other reasons not
taken mto account m the analysis. Often the reason given for the coexistence is
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... -that producers have imperfect knowledge about the new techmque. Although
" -this explanation appears reasonable, 1t cannot by wself account for the length
. of time that it has required to introduce the modern varieties (MV) nor can
it explam the geographical vanability in the pattern of their use. The green
.-~ revolution 1s considered here as an example, indeed a very important one.
~Another example is the mechanization of agriculture, which has also taken a
“long tme to be 1mplemented.
. "The explanation given here for the delayed response is the scarcity of capital
.. ‘needed for full implementation of the modern techmique. We illustrate 1t m
- terms of Figure 6.1 where, by assumption, the mitial capital-land ratio 1s .
“~ ‘With k; given, the traditional variety dominates the modern one because it
- produces a higher yield. Under the new technology, however, it 1s possible to
- ~obtain higher output by allocating the scarce resource to the two variettes. For
- such an allocation to be optimal, it should produce equal marginal productivity
" of capital for the two vanecties; otherwise some producers could gamn by
" reallocating the capital among the varieties. The optimal allocation 15 shown
‘by the line tangent to the two production functions at the pomts A and M with
“aslope 7 = f/ (l;].), where ; = 1,2, The average yield with capital-land ratio &,
- 1s now given by point N, which dominates the yeld at A.
-~ Tomcrease the share of land allocated to the MV it is necessary to increase
the available capital-land ratio. The increase in capital 1s prompted by the
‘appearance of the MV, which causes the rate of return to capital to increase
from r, to 7, thereby attracting capital. But this process takes time. It is i this
“sense that the pace of the transition is yelated to the scarcity of capital, which
“cannot be mobilized within a short period. All this is discussed in greater detail
below.
=~ The foregoing analysis is somewhat simplified in order to enable graphical
illustration. Nevertheless it brings forward the important points for our subse-
“quent discussion. We begin the discussion by reviewing empirical evidence that
“will help us to place the discussion within an appropriate perspective. This is
“then followed by constructing the choice of technique framework, which con-
~siders the choice to be endogenous within the economuc system. The discussion
‘generates a direct link between capital accumulation and technical change.
. “Underlying the choice of the implemented technology is the available
-technology, which changes with the appearance of new techniques. The new
“techniques are not entered into the economy exogenously. Some agents invest
‘resources 1 the production of new techniques. Thus economic considerations
“must also have an effect on the flow of new techniques. Hence both the supply
and the demand of new techmques are endogenous, and m this sense the
echnology is endogenous.
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The Transformation of Punjab Agriculture

"The application of this framework to Indian Pumyab agriculture was studied by
McGuirk and Mundlak {1991), and their results are pertinent for our discus-
sion. The study seeks to determine the level and pace of the implementation
of the modern wheat and rice varieties, as well as new varieties of cotton and
maize, introduced in Punjab durmg 1960-1979. The implementation of these
new varieties resulted in a dramatic growth m crop production. The techmques
that are included in the analysis, described in Table 6.1, constitute the most
important crops, accounting for about 67 to 80 percent of the sown area in the
period under consideration. The analysis considers three levels of decisions—
area allocation, yield determnation, and finally, investment-type decisions {to
be explained below)—and is based on district-level data.

We turn immediately to the results, providing only necessary details here
and postponing the explicit formulation to subsequent discussion, particularly
in Chapter 13. At each stage of the analysis the state variables, those vari-
ables that affect the decsions, are grouped mto three categories: incentives,
constraimts, and environment. Our immediate mterest 1s mn the role of the con-
straints in the pacing of implementation of the new varleties. The degree of
implementation 18 measured in terms of the area allocated to the MV. Table 6.2
reports results for the empirical equations that explain the shares of wheat and
rice varieties, the most important crops, 1n total area. The constramts consist of

Table 6.1 Punjab: Cropping alternatives

Rabi Kharif
Irrigated Modern variety wheat Modern variety rice
Traditional wheat Traditional rice
Gram Irrigated maize®
Other Cotton (American and Desi)
Other
Dry Wheat Rice
Gram Maize
Other Cotton
Other

Source: McGuirk and Mundlak (1991).
Note: Rabi and Kharif are two different seasons. Gram 1s a well-known legume 1n Asia.
*The irrigated moaize category meludes both improved and traditional vaneses.
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‘areas rrigated from private sources, mainly tube wells, and from government
-sources, mainly canals, the quantity of fertilizers expected to be available for
‘the planting season, and roads. The results show that an increase n irrigation
‘(mamly private), fertilizers, and roads was associated with an mcrease 1n the
“share of the MV of wheat in the total area and at the same time n a decrease
in the area of traditional irrigated wheat.
2 For nice, fertilizers and roads were associated with an mcrease in the share
~of the MV in total acreage, but irrigation was assoclated with a decline in thewr
-share. This 1s consistent with the view that the wnganon favored wheat, and
“that therefore the share of nce declined. Note, however, that the table reports
~shares and not total area. Total area sown mn MV of rice mcreased. Without
- gomng mto further detail at this stage, we can say that the results mdicate
“that with prices (or more generally the level of incentives) held constant, the
‘ transition to the MV was associated with an increase in the level of these quasi-
fixed, capital inputs.
* .. The results for the equations that explain the yield variations are reported
in Table 6.3. The dependent variable in this equation is the average crop vield.
“which can be written as y = (1 — $)y, + Syy, where § is the share of the
“mmodern variety n the total area. The incentives were empirically irrelevant
-and therefore are not included in the equations. What is interesting is that
“the fertilizer variable, which in this equation is the actual quantity applied
ather than the expected quantity used in the area equation, is not significantly
different from zero. Thus, the only variable that matters is the proportion of
the MV in total area, or simply §. The coefficient of this variable indicates the
“yield difference of the traditional and modern varieties,

ay _oU—Siy+Syl
35 38 RIS

The empirical results are consistent with Figure 6.1, which shows the effect of
2 change i the level of the constramt. The proportion of the MV in total area
.chéilges as the constraint, £, changes, whereas the input ratio of each technique
is kept constant at a level that equates the shadow price of the constramt over
all the implemented techmiques.

“The results mdeed indicate that the pace and level of the transition to the
MYV were determined to a large degree by the availability of the quasi-fixed
_' puts. The expansion of their supply required resources that had to be taken
from other productive uses. But resources, of course, are finite, and if the
implementation of a new technique requires resources, it cannot move faster
hian the necessary change m the supply of such resources. !
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Table 6.3 Punjab: Estimates of yield equations

Dependent variable: Yield

Explanatory vanable ~ Wheat Gram Rice Maize Cotton
Technology
MYV wheat 1.19928
(12.12)
Irngated gram 0.2215
(0.64)
MV rice 1.32789
(7.18)
Irrigated maize 2.07472
{4.66)
Irngated cotton 0.41771
{3.15)
American cotton 0.11413
{4.49)
Constraints
Fertilizer 0.00316 - 0.00141 (.00189  0.00201  0.00116
{1.30) (1.66) (1.00) {146) (2.2)
Fertilizer —0.00301 —0.00314 0.00115 -0.00121 —0.00135
technology {—1.27) (—1.69) (0.59) {—0.74) {—2.45)
Enronment
Ramn —0.00955 --0.00437 0.00212 -0.00118  0.002306
{—2.12) {—0.64} (0.94) {-0.36) (1.58)
Ramn 0.00342  0.00622 0.00183 —0.01200 -~0.002679
technology {0.53) {0.35) (0.59) {—2.82) {—1.69)
R? 0.831 0.172 0.833 0.539 0.716

Source: Based on McGuirk and Mundlak (1991}, tables 15 and 16.

Note: The numbers 1n parentheses are r-statistics. The district effects are not reported here.
The wchnology variables are:

Irrigated cotton, gram, and mawze—proportion of area irrigated.

MYV rice and wheat-proportzon of MV in rice and wheat areas respectively.

American cotton—proportion of American cotton 1 cotton avea.
The ran variables are:

Cotton—district rainfall, June~September.

Maize and nice—district ramfall, July-September.

Wheat and gram—district ramfall, October-April.
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By the very nature of the fact that £ 15 a constraint, the introduction of the
MYV increases its marginal value productivity, referred to as its shadow price.
"This can be seen in Figure 6.1, where the rate of return changes due to the ap-
pearance of the new technique from r, to 7. With time, this increase 1n the rate
f return will attract more capital and thereby facilitate further implementation
‘of the new techmques. This is indeed what actually happened: the Punjab ex-
perienced a dramatic increase 1n the supply of fertilizers, tube wells, electricity,
‘and roads as well as other variables that provide the mfrastructure conducive
for the adaptation of the modern varieties. Some of these variables are plot-
ed in Figure 6.2. The most dramatic change 1s 1 the use of fertilizers, which
: i_Iicreased from 46 thousand tons m 1965 to 1,199 thousand tons i 1992, a
-26-fold increase that amounts to an average annual growth rate of 13 percent.
:The rate was even higher, 17 percent, for the twenty-year period from 1965 to
11985. For most of the period, the total supply of fertilizers and its expansion
as controlled by the Indian government, which gave priority to the devel-
opment of domestic production and restricted imports. Thus the growth rate
‘of fertilizer supply, and thereby the shift to the new varieties, largely reflects
¢ pace at which resources were allocated to domestic production. With this
‘background we turn to formulate the process just described.

?\

1960

1962 ]
1964 ]
1966 ]
1968 .
1970 -
1972
1974 -
1976
1978
1980
1982
1984
1986
1988
1990
1992

Consumption of plant nutrients per unit of gross cropped area

zgure 6.2 Punjab: Selected inputs. (From Statséical Abstracts of Purgab, Chandigarh:
: Economuc and Statistical Organization, various years.)
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thure 6.2 (continued)

-The Production Structure

_Geneml
At this pomt 1t is helpful to broaclen our discussion of the production structure. 2

For this we need the concept of the input requirement set.

DEFINITION The input requirement set, V(Y), is the set of all inputs that can
possibly produce a given output ¥.

*. Itis assumed that V(¥) is nonempty, containmg nonnegative inputs, closed,
convex, and monotone in the sense that if x € V(Y), x* > x, then x* € V(Y)
al__s'o;'V(Y) 1s bounded from below by the 1soquant that also belongs to V(¥).
‘With this structure 1t 15 possible to derive the production function associated
with V(¥).2
-~ The model is now extended to allow for more than one production function
in each sector. We examine in detail the stmplest case, two production functions
1 one sector, say 1n agriculture. Since a production function 1s associated with
an input requirement set. there are now two such sets, as shown in Figure 6.3.
Some mput combinations belong only to one nput requirement set; others
re common to both. This suggests that we can now broaden the concept
technology to allow for more than one production function. For instance,
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Figure 6.3 Input constraint and the composition of techniques.

the first production function associated with V;(Y) is assumed to describe a
traditional gram variety, whereas the second function, associated with V,(Y),
is assumed to describe a modern grain variety. A techmque 1s a method of
production that can be described by a production function. It can be defined
as narrow or as disaggregated, as desired. The basic assumption made here 18
that the technology Is convex, so that it is possible to use the two techniques
simultaneously. This means that some of the land can be used for the modern

variety and some of the land can be used for the traditional varety. 1o assist -

the discussion, some terminology needs to be introduced.

DEFINITION The available technology (AT) 1s the collection of all available

techniques.

Let F;(x) be the production function assoctated with the jth techmiques;

then the available technology 1s

T={F);j=1....7}

In our example, the technology, T, consists of the two varieties. Since each”

Y Tr/sYry

I

6.1}
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_W'hich is the union of Vi(¥) and V,(Y). Under the assumption that the
technology is convex, it consists of all convex combinations of Vi (¥) and
:Vo(Y). The 1soquant of V(Y), or the efficiency fronter of V(Y), 1s identical
with that of the traditional variety for capital-labor ratios smaller or equal to
_Z'I'_El'that corresponds to point T in Figure 6.3. It 1s associated with the 1soquant
of the modern variety for capital-labor ratios larger than ky that corresponds
“to point M. For El < k < ky, the 1soquant consists of the segment MT. The
mntroduction of modern techniques opens up efficent production plans that
were not feasible under the traditional vanety. This motivates the definition of
: __cc_chmcal change.

DEFINITION  Techmical change 1s a change 1 the technology set T

The appearance of the modern variety, or any new technique for that mat-
ter, mplies technical change. This change is of pefential consequence only if it
changes the frontier of T'. It is of acual relevance only if it is implemented. In
terms of our illustration, the techmical change occurs 1n the form of the appear-
ance of the modern variety. The degree of its implementation depends on the
available resources, If k < Izl, the economy does not have sufficient capital to
implement the new techmique. Consequently, the empirical observations will
¢ of the traditional technique alone. It 1s therefore important to distinguish
setween available technology and implemented technology.

DEFLNITION Inplemented technology (IT} is a subset of the available technology
contaimng all the techmques that are actually implemented.

The Compoxite Production Function

We turn now to specify the production structure in one sector, say agriculture,
whiere the technology 1s made up of two techmques represented by production
unctions homogeneous of degree 1, twice differentiable, and concave. Let L,
d K be the labor and capital assigned to technique j, j =1,2,and L, K, be
the labor and capital available to agriculture. Define ¢ = L /L, and k; = K / L;,

then the technology and full employment conditions m agnculture are

hy + (L - Oy =k, (6.2)
Y,/L, = £f; (k) (6.3)
Yo/Ly, = (1 — £) fylky) (6.4)

ky(@w) > ky(w) for all adnussible w.

If we add the competitive conditions, we get a system that describes a two-
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with different techmques. Because the product 1s the same, the price ratio 1s 1,
and the price function dictates a constant wage-rental ratio.

PROPERTY 6.1 {technique coexistence and factor prices) Factor prices are
constant under the coexistence of techmques.

As the capital-labor ratio increases, the economy moves along the Ryb-
czynski path in the direction of the capital-intenstve technique until the labor-
intensive technique disappears. Throughout the domain of coexistence of the
two techniques, the wage-Tental ratio 1s constant, and therefore the sectoral
capital-labor ratios are also constant. These factor ratios are the threshold
values. Figure 6.4 describes the relationship between the available resources
in agricnlture, &,, and output and its composition by techniques. At pomnt A,
k,= k, and only technique 1 is employed. therefore at this point y, = y;. At
point B, k, = k, and only technique 2 15 employed, therefore at this point
¥, = Y. The pair (El, /22) makes up the threshold values.

DEFINITION (threshold values) The capital-labor ratios that define the do-
main of coexistence of the two techniques are referred to as threshold values.

PROPERTY 6.2 The threshold values of the capital-labor ratio ave deter-
mmed by the technology.

As k, increases from &, = kyto k, = 1:22, the Rybczynski path, connecting
points A and B, is generated. Because the price is 1. the output level at any
point on the path is the sum of the two coordinates of that pomt.

PROPERTY 6.3 (composition of techniques) Under coexistence of tech-
niques, the relative mportance of the labor-intensive technique declines with
capital deepening,.

When £, 1s not bounded by the threshold values, only one techmque 15
used. We have basically outlined the composite production function for agri-
culture. For future reference, we develop the results analytically. Agricultural
output, ¥,, is the sum of outputs produced by the individual techniques:
Y, =Y, + Y, Using (6.2) and (6.3), the average labor productivity i agri-
culture is

Y /L, = fok) = £f(ky) + (1 = &) fylhy). (6.5)

The optimization problem is to maxinmze output under the resource constraint.

This 15 the same as maximizing the output-labor ratio, ¥, /L.
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Output: capitalintensive techmaque

igure '_ 6.4 Construction of a composite production function

max
20,65

o Ok L) =D € i) + 7l = 3¢+ wll = 37 £)). (6.6
J J

K

TﬁéiK_hhh-Tuckcr conditions require that
[£/0e) —rlk; =0 [fk)) —rk; — w]t; =0

Fy—r <0 (6.6b)

£ =k, —w <0. -0
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A techmque is implemented when the marginal productivaty of each of the
nputs 1s equal to 1ts shadow price, Hence, for the two techniques to coexist,
the marginal productivity of each factor should be the same across techniques.
To derive the domain of coexistence, we solve for the threshold values:

Ay = f3ky) (6.7)
Filky) = by [y = folky) — ko fy(ky). (6.8)
The labor allocation among the techmques is determined by
ky — k
L@, k) = ——=8 (6.9)

The real factor prices, 1 and ¥ are given by the margmal productivity of labor
and capital derived from the composite function, f,(-), respectively. Those
can be obtained by differentiation and to do so, write ff(i;i) = 1 4 chj- and
substitute it in (6.5) to obtain

folk) = +Fk, (6.10)

The marginal productivity of capital, 7, is derived directly from (6.10). When
k, 1s outside the domain bounded by the threshold values, only one technique
is used. This follows from the full employment condition. In this case the
composite production function 1s identical to that of the active technique.

The discussion may be summarized by giving a complete description of
the composite production function.

For k, =< I’él, or k, = Ez, f (k) = fj(ka), J =1.2, respectively.
(6.11)
Yor k,elk,kyl, Fk)=0+7k, [ik)=F wa,k)=3ad.

PROPERTY 6.4 (composite production function} The composite production
function obtained under the coexistence of techmiques, characterized by differ-
entiable concave production functions, 1s also differentiable and concave.

The composite production function 1s illustrated in Figure 6.5. The upper
panel shows the wage-Tental ratio as a function of £, where &, (&) are fixed at £;.

The lower panel shows f(k_), it starts at the origm along f; until A, from there -

on it moves along the segment AM and thereafter continues along f,. Note that

for any value of k, € k,(@), the average productivity of labor, £, [£,(®)}] and :

the margmnal productivity of capital, f;[k, (@®)], are uniquely defined. For any
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.Figu're 6.5 The composite production function

other value of k,, only one techmque is used, and because k;(w} is monotonic
in @, the solution can agan be expressed in terms of k.

The Economy

-Hai_rf;.ng derived the production structure mn agriculture, we turn to examine
the effect of the introduction of the modern technique on the economy as a



184 Agriculture as a Sector

whole, This we do under the assumption that the technology in nonagriculture
consists of a smgle techmque. We rewrite the relevant part of the system with

the obvious change of notation:

€k, + (1 — )k, = (6.12)
Y,/L=¢,f,k,) (6.13)
Y,/L=(1—¢,)f,k,) (6.14)

k,(w) >k, (w) for all admissible .

Because the agricultural production function maintains all the properties of
the production function assumed in Chapter 2, the results of that chapter are
immediately applicable. There is only one difference: the method of solving
the system is modificd to allow for the fact that &, is not uniquely defined in
terms of . As w(k,) 1s uniquely determined, however, so 1s £, (). Hence the
system can be solved in terms of k.

The solution 15 demonstrated mn Figure 6.6. At levels of k, below the
threshold value of the traditional techmque, &, < k;, only technique 1 is
used, and the corresponding segment of the transformation curve displays an
upward-sloping supply, which we write as p'(y,) > 0. Similarly for k, > k, only
technique 2 is used. and again p’(y,) > 0.In both cases, o (k,} is monotonically
mcreasing. The new results are obtained for the case of coexistence, where w
1s constant at @, as 18 k, (@) as well as the margmnal productivity in the two
sectors. Consequently, p is constant and the corresponding segment of the
transformation curve is a straight line.

PROPERTY 6.5 {technique coexistence and product price) 'When two tech-
niques coexist, the product price 15 constant and is unaffected by capital deep-

ening,

As k, varies within the domain of coexistence, the resource allocation
changes in order to maintain the full employment condition, Recall that m
this domain k, () 1s constant, let £, == L /L, and rewrite the full employment
condition as

1-4¢ k—K
a _ o (6.15)

¢, k(@) —k

Equation (6.15) is solved for varying values of k-

51 i |, = signfk, (w) — k.
gﬂ. dk kn grl n
a
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Figure 6.6 Coexistence of techniques: Supply side

Th]s 15 sunply a property discussed in Chapter 2 for the case where agriculture
employs only one technique. This result applies independently of the factor
intensity. To generalize the result, however, we may consider k, to be the
capital-dabor ratio m the sector with the heterogeneous tcchnology We note
that the relative importance of the labor-intensive sector grows with k. The
nnportance of k, is derived in Property 6.2, which highlights the fact that
the degree of utﬂlzanon of the new, more productive, and capital-intensive
cchmquc 1s through captal deeperung. This can now be summarized.

PROPERTY 6.6 (resource allocation) The transition to a capital-intensive
edzmgue under fixed resources requires an increase in the share of the labor-
i 'n,_swe sector in resources and output. The result 1s independent of the sector
hich the new techmque is introduced.

It is important to note that in this discussion, it 1s the direct measure of
actor mntensity, rather than the factor-cost intensity, which matters, and as
ch capital does not include land, This discussion is general and applies
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equally well to the case of human capital. When the application of the new
technique requires a special skill whose total endowment 1s given, the extent
of its implementation depends on the ability to mobilize workers with this skill
from other occupations.

Returning to the illustration in Figure 6.6, the numbers in parentheses
identify the implemented techniques. Panel 11 presents the corresponding price
function. The function is monotone and continuous but not differentiable at
P = p(@). The transformation curve 1s given in panel IV. As agriculture in
this case 15 the labor-intensive sector, the increase i its output requires an
tncrease in its capital-labor ratio. But by Property 6.2, such an mcrease leads to
a shift toward the capital-intenstve technique. Therefore, with high agriculoural
production, only technique 2 1s used in agriculture. The middle segment
represents the coexistence of the two techniques. Finally, when agricultural
output is relatively low, only techmque 1 is used in agriculture. Panel IIT
portrays the corresponding agricultural supply relationship. It is important to
note that when the two techniques coexist, the agricultural supply is infinitely
elastic. This result 1s of great importance and we will discuss 1ts ramifications
at a later stage.

PROPERTY 6.7 (supply elastcity) When the two technmiques coexust, the
supply is perfectly elastic.

The discussion was conducted under the assumption that agriculture s
labor mntensive. When agriculture is capital intensive so that &, > & > k,, some
of the results are modified. In this case, the only way to increase &, is to initiate
the changes within agriculture self. This can be done by shifting labor to
nonagniculture, but because the capital-labor ratio of nonagriculture is fixed
within the area of coexistence, the shift of labor has to be accompanied by a shift
of capital. The result 1s a decline of the share of agriculture m total resources.

However, this does not mean a decline in total agricultural output. The new .

technique 15 more productive and therefore produces higher output with less

resources. This is illustrated in Figure 6.6, where the movement along the line of
techmique-coexistence represents a higher production frontier than that given -
by the use of smgle techniques. The case where agriculture is capital intensive -

1s more applicable to high-income countries, and indeed in these countries the
share of agriculture in total resources is relatively small.

COROLLARY TO PROPERTY 6.6. When agriculture 1s capital intensive,

the introduction of capital-intensive techmques is likely to reduce the share of -

agriculture 1n total resources even though output mcreases.

Heterogeneous Tecﬂnotagy 187

- The reversal of the relationship between the use of the techniques and the
rclatwe mmportance of agriculturai production 1s aiso reflected in the reversal
‘of the relationship between the use of the techniques and p. However, what
has not changed is the relationship between the choice of a technique and the
wage-rental ratio or the capital-labor ratio in agriculture. This 1s the essence of
the process.

'ROPERTY 6.8 (technique choice and factor prices) Anincrease in the wage-
ental ratio leads to the replacement of labor-intenstve techriques by capital-
-intensive techniques.

The Effect of Capital Accumulation

ringing in the demand functions, we can determine the short-run equilibrium,
rom the point of view of the present discussion it is desirable to distinguish
etween two cases: p = p and p # p. The latter case is identical to that
____s_cussed in Chapter 4 and need not be repeated here, Thus we turn to the
ase where the two techniques coexast and prices are constant. In this case,
an increase m & shifts the transformation curve and income increases. As p is
'ﬁxcd in the region of coexistence, the new equilibrium solution reflects only
come effect on demand.

‘When the technology of cach sector consists of a single technique, the
upply effect of a change in & 15 signed by the Rybezynski proposition. When
techmques coexist, however, this proposition cannot be applied because ¥:(P)
oes not have a single value. We can still sign the supply effect of capital
ccumiilation by modifying the Rybczynski proposition. What drives the
Toposition 1s the fact that constant prices fix the value of the sectoral factor
atxq_s We can state this result as the condition of the proposition and turn
the full employment condition 1n (6.15) to derive the proposition. Thus an
crease in k, with &, and &, held constant, increases the proportion of the
pital-initensive sector total resources. Under the assumption of &, > &,

_ é"/ak |k <0 Since y; = ¢, f(k;), i = a, n, any output plan obta.med undcr
onstant &, 1s shifted by capital accumulation so that the output of the capital-
tensive sector increases and that of the labor-intensive sector declines. This
ﬁl_ustrated in Figure 6.7 where point B* is southeast of B and the two points
e btalncd for the same values of k o and k.

ringing the changes in demand and supply together, and maintaning
panncrease m £ leads to a new equilibrium point, E. The equilibrium
tities of the two sectors increase at rates proportional to their mcome
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Figure 6.7 Equilibrium: Capital accumulation and a composite production function

elasticities. The movement from B to E is decomposed to an expansion effect,
a movement from B to B*, and to a movement along the new transformation
curve, from B* to E. Both eflects take place at a constant @, and therefore &,
15 also constant. Hence, the total movement from B to E implies an mcrease
of y, at a constant k,. This requires an mcrease of £, , which in turn implies a
decrease m £,,. Increasmng £, while &, is constant mmplies a shift of capital and
labor to the n-sector. But at the same time y,, also goes up in spite of the decline
in £, and this can only be accomplished by increasmg &, This in turn implies
substituting the modern technique for the traditional technique and thereby
supplying the labor to the n-sector. The discussion is now summarized:

PROPERTY 6.9 {techmque choice and capital accumulation) An mcrease in
the overall capital-labor ratio that maintams the state of coexistence of the two
technuques generates only an mcome effect on demand. The change m demand
is met by a shift of resources to the capitalintensive sector and by a rise of the
relative importance of the capital-intensive technique.

The Rate of Implementation of New Techniques

The foregomg discussion highlighted the fact that the rate of adoption of new
capital-intensive techmiques is subject to a captal constraint, and therefore 1t
depends on the rate of capital accumulation. For this reason, when dealing
with an mmportant sector of the economy, the mtroduction of a new techmque
may take tume to accomplish. If we refer to Figures 6.1 and 6.3, this long-
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fun problem can be described as movement of pomt N on the frontier of the
composite production function.

-+ In addition, there is the short-run problem of a movement to the new fron-
tier with the existmg capital stock. When a new technique is introduced, the
initial pomt becomes mefficient in that it is not on the frontier of the new com-
posite function as illustrated by point A m Figure 6.1. The question 1s whether
the movement from A to N, which does not require more overall capital, is im-
mediate. This 1s obviously an empirical question, but it is reasonable to assume
that in many cases this movement is not instantaneous. The determinants of
the pace of such a movement often given in the literature can be classified
into two groups, those related to heterogeneity of capital and those related to
uncertainty and imperfect knowledge.

Heterogeneous capital

In the foregomg discussion, 1t was implicitly assumed that capital goods are
homogeneous, so that horses and tractors are the same thing. They both rep-
esent foregone consumption, and as such they are the “same.” This sameness
is historical, however, and at present, the two capital goods do not serve the
same function. The recognition that capital goods are heterogeneous intro-
duces another dimension mto the discussion. If the two techniques 1n question
require different forms of capital, then the pace of moving from A to N will be
determined by the pace of changing the composition of the capital stock so as
to relieve the bottleneck generated by the capital components m which the new
techmiques are intensive. In general, the disappearance of the capital good asso-
ciated with the traditional techmque 15 determined by obsolescence or discard,
and the introduction of the capital good associated with the new technique 1s
determined by gross investment. Consequently, the rate of implementation of
the new technique will be determmed by the rate of grass investment, whereas the
decline in the traditional technique will depend on the rate of disappearance of
the capital good associated with 1t. Thus, the movement from A to N would
imiply a gradual reduction of the capital-labor ratio in the traditional technique
om £, to l:tl. In this process w will gradually decline from its level at A, as
determined by the traditional technique, to &.

“The essence of the argument on heterogeneity of capital is that the two
techmques may require different compositions of the various capital goods.
f this 15 the case, then the change in the composition of the two techniques
ill depend on the necessary change in the composition of the various capital
ods. This process may require time, and the pace of convergence of the
economy to the new frontier will depend on the rate of gross muestment.




1%0 Agriculture as a Sector Heterogeneous Technology 191

ssiof F1rst is the actual appearance of new techmques, which will be

PROPERTY 6.10 When capital is heterogeneous and the new technique:
a_subsequcnt section. Second is the spcaﬁc knowledge needed to take

requires a different composition of capital goods, the pace of the movemen
to the new efficiency frontier generated by the technmique depends on the pac
of gross investment, whereas the movement to a new equilibrum point on th
new frontier depends on the pace of net muestment,

So far we have treated the modern techmque as a new entity completely
unrelated to the traditional technique. However, from a strictly formal poin
of view, once the new technique is available, 1t can be expressed as if it were.
obtained by some parametric change of the existing production function. O,
special mterest is the case where the modern technique can be described a
a Hicks-neutral technical change in the traditional techmque. In this case, th
(k) function 1s unaffected by the technical change, so that the threshold valic:
of the two techmques are identical. The new technicue completely dominates-
the old technique, and it is therefore mefficient to employ the two techniques:
sumultaneously. One reason for the coexistence of techniques in this case is
that the two techniques use different capital goods. This 1s the case of the
embodiment hypothesis developed by Solow (1962). Under this hypothesis
the new techmque 15 embodied m a new capital good, say a machine, and
canmot be applied with the old machine. Consequently the pace of introductior
of the new technique will depend on the flow of new machines, which depend
on the rate of gross muvestment, rather than net muestment, In this case, the tradltlonali
technique will disappear eventually, even if there 1s no net investment.

The situation 1s different when the modern technique can be expresse:
as a factor-augmenting techmcal change of the traditional technique so tha
the w (k) function changes. In contrast to the previous case, factor- augmentmg
technical change generates a difference in the threshold value so that k, > k,.In"
this case, if the new threshold value exceeds the available capitallabor ratio;
the rate of implementation will eventually depend on net muestment. Thus; i
the economy does not accumulate capital, it will not discard the traditional
techouque. This 15 the difference between this model and that of embodlc_'
technical change. It follows

n the two types of capital. Basically, human capial, like physical capital,
\d6genously determined. The appearance of a new technique increases the
retirn to the specific knowledge or skill associated with this technique,
1S in'turn 18 expected to stimulate learning, For example, the appearance
miputers generated demand for programmers, and this was reflected in
- returns. However, the implementation of the new techniques may be con-
ned by other factors, such as physical capital. When the capital stock is too
fdr the implementation of the new technique, there 1s no point in investing
"k_nowledge needed for its implementation, because ® will remain unuti-
a long tume to come. It follows that low-income countries with a low
‘physical capital will not mvest in acquiring knowledge needed for the
speration of techniques that they cannot afford to acquire, Low-income coun-
0 not mvest in space research, for example, because they do not have the
ces needed to make use of such knowledge. This brings us back to the mn-
trole played by physical capital in the implementation of new technigues.

PROPERTY 6.11 The pace of the implementation of embodied technical
change that does not change the capital-labor ratio depends on the pace of
gross wwesiment. When the new techniques are more capital intensive, the pace
of adoption depends on ret muvestment.

Human capital

'The foregoing discussion has dealt with physical capital, but 1t 15 equally apph
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level of education. Hence the speed of implementation that reflects mmperfect
knowledge is 2lso positively related to capital in the form of human capital.

Another reason for uncertainty is related to the stochastic nature of the
production process associated with the various techniques. Some technicues
may have a higher varance in their performance than others. For Instance,
it has been debated whether or not the yields of the modern varieties have
a higher variance than that of the traditional varieties. It is in this sense that
the degree of implementanion will depend on the stochastic performance of
the techniques and the attitude of producers toward risk (Just and Zilberman.,
1983). The importance of this source needs empirical quantification.

Sustainable Technology and Learning by Doing

The dependence of the implemented technology on resource endowment
mplies that if for any reason there is a decline in the capital-labor ratio, the
economy will retreat to labor-intensive techniques, and with those therc may
be a loss in productivity. To dramatize the case, consider a major destruction
of physical capital due to an earthquake or a war. 'The question 18 m what
way would the reduction of capital affect the performance of the economy.
The answer depends largely on what part of the technology 13 sustainable 1m
the sense that it does not diminish with the reduction of the capital stock.
This. component represents cumulative experience, which is sunilar n nature
to Arrow’s “learning by domg” That may inciude knowledge that mitially
required capital to acquire but which, once acquired, does not depreciate and
1s not susceptible to destruction. In this we can also include changes in market
organizations or economic policies that result in higher producuvity, which
might have been costly to implement, but once implemented, will continue
without additional capital requirements. This also includes the introduction of
new varieties or other elements of new knowledge. It is expected that these
elements would be increasing with positive gross mvestment but would not be
eliminated with negative investment.

In recent literature, learning by doing plays a more explicit role m the
determination of technological progress. We return to this subject m the next
chapter and also m Chapter 15.

Choice of Techniques and Land Expansion

The appearance of new techniques affects our analysis of land expansion.
When a new technique is more capital mtensive than the existing one. the
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- response of agriculture depends on the availability of capital. The subject
can be illustrated n terms of Figure 6.1, which we now assume to represent
the production function for quality g land. When capital is not constrained
..and agriculture 1s a price taker, the capital-land ratio will change with the
Jintroduction of the new technique from k; to k. The rent on the marginal
: land increases due to the higher productivity of the new technique from OF
to OH, and more land will come under production. The actual increment
-will depend on the thickness of the margin, as was discussed i Chapters 4
~and 5. We also note that the appearance of the new technique increases the
‘capital-land Tatio.

.-l.fROPERTY 6.12 When agriculture 1s a price taker, the appearance of a more
‘productive and more capital-intensive technique will result in an mcrease in
total capital, land, and output in agriculture.

. In the case of a capital constraint, the appearance of the new technique
‘ncreases the demand for capital: therefore its shadow price increases, and
‘the marginal productvity of land declines. In this case. the decline in the
marginal productivity of land 1s from OF to OD in Figure 6.1. If the tax,
‘¢, 18 larger than OD, then the rent becomes negative, and this land will go out
of production. If this land was mitially marginal, then by definition ¢ is equal to
OE and the land will be set idle. The capital released b)f the exit of the marginal
land will be distributed to higher-quality land, and this will make 1t possible
to merease the capital intensity on this land, thereby increasing the share of
5th¢" new technique on it. Recall from Figure 4.8 that £(g) increases with g to
-coriclude

'ROPERTY 6.13 When agriculture 1s subject to a capital constraint, the
‘appearance of a more productive and more capital-intensive technique will
Increase the quality of the margmal land, and land will go out of production.
The degree of implementation of the new techmque will increase with the land

quality.

. ::"A-_cc')mparison of Properties 6.12 and 6.13 shows that the same technical
change can be classified as land expanding under unconstrained capital and
léah;d:_substituting under a capital constraint. The outcome under a capital
onstramt can be viewed as the short-run effect, whereas the long-term effect is
chieved under no resource constraint. Thus if the introduction of a modern,
ipital-intensive technique causes land to go out of production, this can be
iewed as a temporary outcome.
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New Techniques and Income Distribution

New techniques are generated by firms, private or public, that spend resources
on research and development. Given the state of science, there is generally
a choice to be made m determining the research strategy. For the purpose of
our discussion, the key variable is the capital intensity of the new techniques.
"The foregoing discussions indicated that capital accumulation causes a shift of
resources to capital-intensive techniques and thus generates demand for them.
It is no surprise then that new techniques are often capital intensive. However,
overshooting is counterproductive. The demand for the new techmques de-
pends on the expected rate of their implementation, which in turn depends on
capital availability. For the new techniques to be implemented. therefore, their
threshold level should not be too high.

This story can be told by looking at the firm level. In the absence of a new
capital-intensive technique, capital accumulation increases capital-labor ratios,
thereby causing a rise in wage and a decline in the rental rate. Consequently,
the owners of capital will be interested in investing their capital in techmques
that prevent the rate of return from falling. This generates the demand for the
capital-intensive techniques.

By its very nature, this process leads to a decline m the labor share, S, , and
as such can be considered labor saving. This can be illustrated by observing
changes in 8 = w/k =5,/ (1—8.). Note that # is monotonically increasing
with $; . If we refer to Figure 6.3, we see that the movement from T to N
mcreases & with @ held constant. Consequently &, and therefore §;, decline.
The transition from A to N implies a decline in e under a constant £. which
again results in a decline of the labor share.

With technology consisting of more than one technique, Hicksneutral
technical change (N'TC) m one technique has the effect of factor-saving techi-
cal change for the sector as a whole. Of special interest 1s NTC of the capatal-
intensive techmque that generates an overall effect of labor-saving technical
change. An improvement in the productivity of the capital-mtensive technique
mmcreases the shadow price of capital, or equivalently causcs a declime in . The
threshold values of the various techniques decline accordingly, from k ;(0) to

kj (t). Let £ be the share of the labor-intensive technique mn employment and
use (6.9) to write

. (6.16)

This ratio rises as IEF- declines, implying a decline m the relative unportance of
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gf a Hicks-neutral techmcal change in the capitalintensive technique is labor
saving. ‘The details of this argument are assigned as an exercise. Indeed, as we
saw in Chapter 1, labor share in agriculture has declined.

" In this illustration, the modern technique 1s the subject of the NTC for a
purpose If, as has been argued, the process of capital accumulation causes a
shift in the direction toward capital-intensive techniques, then—other things be-
ing equal—the demand will call for devetopment of the NTC to be implemented
on the modern techniques. In a more detailed framework, the cost of produc-
ing and changing techniques, as well as the required research time, should be
introduced. If the required time 15 significant, by the time the research is com-
plcted. the traditional technique may not be of any importance. Therefore,
efforts will be directed at mcreasing the productivity of the modern technique.
This consideration has a dynanuc aspect. With time, the modern techniques
become traditional. They have already been worked on so that the easy gains
have already been made, and additional gams may be subject to mcreasing
ost: Thus from both the demand side and the supply side, it 1s likely that the
eﬁort of improving an existing technique will be ammed at modern techniques.

Total Factor Productivity

What is the rate of techmcal change? This subject is an important one in
cmpmcal analysis, and in practice there is more than one answer, depending
on the methed of measurement. To begin with, there 15 the difference between
pa_rtial and total factor productivity (TFP), Partial productivity measures are
mieasures of average factor productivity, such as average labor productivity.
Changes m this measure reflect changes in the amount of mnputs used per
worker in addition to changes in technology. The same holds true for average
land productivity, or simply yields. 'To measure the net effect of changes in
_tec’;hnt_jlogy, 1t 15 necessary to allow for the effect of changes 1n all inputs,
1The outcome gives the total factor productivity. To illustrate, consider a
di_f_fgfentiable production function ¥ = F(X. ¢}, where X is a vector of inputs
a.nd 1 1s a measure of technology. Then the rate of growth of output 1s obtained
by logarithmic differentration:

h'i:_ ¢-f8; 15 the production elastiaity of factor ;. The first term on the right-
d: s1de 1s a measure of the aggregate input. This equation defines the
latlve change in TFP Usmg discrete time measures, the TFP in vear ¢ is
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To estimate the changes m the TFP, it is necessary to obtamn estimates
of the production elasticities. Those are obtamed by estimating the production
function, or by replacing them with factor shares, assuming that the production
function is linear homogencous and that the competitive conditions are met.
The various aspects of obtaining empirical producton functions are discussed
in Part 1II. Qur present interest is conceptual in nature, and it 1s related to the
question of what function to estimate.

“To {llustrate the question, refer to Figure 6.1. Initially, only the traditional
technique is available, and output 1s at point A with input ratio kg. As the
discussion indicated, the response to the introduction of the modern technique
may take various forms. Under a resource constraint, the movement 18 to
point N, and this movement generates a relative change in TFP of Yy /Y,.
‘As more resources become available, the movement will be along the tangent
line from N to M and thereafter along the function f; to M. "This movement
from point N on will show 1o TFP, because it is all explained by the input
change. Alternatively, if the sector is a price taker, the movement is from pomt
A to pownt M with an mput ratio of k,. Here the change in the TFP is obtained
by first calculatng the effect of the mnput change by extending the line tangent
to the production function at pomt A to pomt B and then computing the ratio
Y,/ ¥z The resultis different from that obtained in the first case above. The
conclusion is that the outcome 15 path dependent. This discussion abstracts
from the question of time needed to travel m each path. Actual calculations
are made for data collected for calendar time. mostly annual data. The annual
results will differ with the changes in the pace of the yearly movement. ‘When
the annual results are integrated, however, the final outcome will depend on
the path followed by the economy. Obviously, the path taken under a resource
constramt will give a smaller value to the TFP because the potential of the
technical change is not fully utilized. We will see in Chapter 13 the empirical
implication of this discussion.

Exercises

6.1  Assume a two-sector economy where the agricultural technology con-
sists of two techniques; the modern techmique (MV) is more capital
intensive than the traditional technique {T'V).

() The composite production function of agriculture derived in the
chapter 13

Y /L = f.(k,) = 0f (k) + A — £} folky)-
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Dcnve the marginal productivity of capital in the domain of coex-

istence of techmques.

i) Assumt? that total resources (k) are given and that agriculture is
capital intensive. Answer the following questions with the aid of
the four-panel diagram (Figure 6.6).

(2) What is the relanonship between the level of agricultural
output, the mmplemented techniques, the agricultural price,
and the wage-rental ratio?

(b} What happens to sectoral outputs, prices (p and w), and the

- use of techniques when k increases?

(c) :In evaluating this process, which concept of agricultural capital
1s more adequate: with or without land included?

:Writ_e the optimization problem to show that when the technology
consists of two techmques, Hicks-neutral technical change in the capital-
-intensive technique has the net effect of labor-saving techmcal change

for the sector as a whole.

Can a technical change in one sector affect the measure of TFP in the

other sector?



