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6{‘ the production functions, exactly what one walts to 'estil.nate.wit}: the ag-
oregated vaziables. But more important, micro “engineering functions” change
with time and as such affect the relationships among the aggregates. Thus th_ere
i no pure engineeringtype relationship that can be revea.led by econometiics.
" The work on production functions has progressed in seff(?ral du'er:tlons,
determined largely by the objective of the study. The empnlca:lly oriented
. work has searched for algebraic relationships that make economic s.en.se and
- at the same time can be fitted to the data. Ih; eco.nomic sense is _]l.}dge'd
" by requirements that are imposed on the micro functions The estimation is
conducted undet the basic, but tacit, assumption that all the .obselxlvanons were
génerated from the same aggregate relationship, which by 1t:self is aﬂf)wed o
" éhange with time in one way or ariother. That work alone is very rich, and
. some aspects of it are reviewed in Chapter 11.

e Alternatively, theoretical work on technical change has concentrated on
+ formulations that can be conveniently analyzed. The outcome of such analysis
" is pot the same as the outcome of the empirically oriented literature T.he
" difference between the two approaches can be attributed to the comple-mty
- of the subject mattey, and more work is needed to integrate the various
- approaches. )

" Our interest in the subject covers both aspects, We want to trace the effect o
*._technical change on the behavior of the economy with the purpose, hov\{evcx,
Cof being able to come up with empirically verifiable conclusions In tl?ls we
- continue with the procedure we have followed thus far. The ch‘aptex begins by
- tracing the effect of technical change on the behavior of our simple economy.
. For that matter, the convenient conventional formulations of technical change‘
Care adopted Later on, Chapter 6 will take up a somewhg.t different vie.w of
* technology that is expected to be more realistic and thcreio_re more pertinent
= empirically. Basically, that approach recognizes that at any time, rhe‘ economy
- employs many techuiques, each identified with a production f-ur}cl:,ion Tech-
- nology is thus identified with the collection of all techniques This is in contrast
< to the standard approach, to be followed in this chapter, which assumes t-hat
: '-:_'_the technology of each sector can be represented by a well-defined production
* function. The empirical aspects are discussed in Chapters 11 to 14. o

: A general formulation of technical change is to write the prod.ucuon fune-
. tionwithan explicit representation of a technology shifter, . For a single-output
production function with two inputs, this is wiitten as
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The performance of the economy depends to a large extent on the nature
of its implemented technology. The empirical determination of the role of
technology, however, is not a simple matter, as can be seen from the volu-
minous work on the subject Basically, the difficulty arises from the fact that
technology is not an observed quantity but rather an abstract concept. The
standard approach has been to identify technology with a produciion function; .
technological change has thus been associated with shifts in the production -
functions. The concept of a production function is borrowed from the sciences,
where input-output relationships are generated by what are thought to be well-
described processes. As such, the production functions describe some laws of
nature Empirical applications that are close in spirit to such a concept are given
by agricultural production functions (see Heady and Dillon, 1961) Examples -
from agriculture had a general flavor in the early days of economic theory,
when agriculture accounted for a large part of total output This attribute
has diminished with time, and it became desirable to have applications simi-
lar to nonbiological processes, leading to “engineering production functions®
(Chenery, 1949). Thus, in the words of Solow (1967, P 26), “The pure theory
of production is fundamentally microeconomic in character: it deals with phys-
ically identifiable inputs and outputs. In the classroom one usually says that
the economic theory of production takes for granted the ‘engineering’ relation-
ships between inputs and outputs and goes on from there By contrast, much
{though not quite all) of the recent interest in the theory of production has been
macroeconomic in character. Since the ‘mputs’ and ‘cutputs’ are statistical ag-
gregates like Tabor) ‘plant, ‘equipment; ‘durable manufactures; there is no |
possibility of finding engineering relationships. Econometric methods have to -
do the duty instead. Still, it remains an intrigning idea to deduce econcrnically
useful production fiunctions from raw technological information”
The role atnibuted to econometric analysis in this statement is rather nai-
row and basically an impossible one For one thing, the aggregation of inputs
and outputs depends on prices, and to do it 1ight, it requires a knowledge

F
Y=F(K,IL,0), 38—I>0 51)
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The essence of technical change is that a given set of inputs gives a larger
output, or alternatively, that the same output can be obtained with less inputs
The formulation in (5 1) is too general to allow specific results. A common
stmplification is that of factor-augmenting technical changes (FATC):

Y = FIA(DL, A(DK], 62

where A;(t) and Ag(t) are positive functions of the technology index ¢
Because it is assumed that technology improves with time, we usually identify
t with time. Actually, A; and A, can be functions of various variables This
possibility is further discussed in Chapters 6 and 13 For the present discussion,
however, they are assumed to be determined uniquely by the technology,
which in turn is monotonic increasing with time As such, the identification
of ¢t with time is just a question of language. The essence of {5 2) is that the

new technology expresses itself only as a result of an interaction with the inputs

Censequently, the products 4 (L and AR (1)K are viewed as effective inputs
measured i quality units, often referred to as efficiency units The functions
can be standardized so that for any arbitrary technology, designated as r =0,
wehave 4; (0) = 4, (0)=1 A;(t)and A {2} are referred to here as labor- and
capital-augmenting functions respectively.

A spedial case of this formulation is that of equal augmentation 4, (7) =
Ag(ty = A(r)dor allt Since F is homogeneous of degree 1, A(#) can be factored
out so that

Y =A@)F(K,L). (53}

In this case, technical change (TC) is referred to as Hicks neutral (NTG). The

neutrality of this concept is related to the invariance of the marginal rate of
factor substitution to technical change

Other cases of interest occur when only one input is affected by the TC.
The caseof Ay (1) > 1 and A, (¢) = | is identical with what is known as Harrod-
neutral TG (HNTC), whereas the opposite case of Aty =Tand 4, (1) > 1
is known as Solow-neutral TC (SNTC) These concepts of neutrality are
discussed below

There is analytic convenience, as well as economic insight, in dealing sep-
arately with N'TC and factor augmentation For that purpose (5 2) is rewritten
by factoring out one of the A’s. For instance

Y = A, () Fla (DK, I, (54)

where a,(t) = A/ AL (D

The Consequences of Technical Change 133

Note thata, (f) can now be viewed asa capital-augmenting function, if 4, (£)

.. 15 larger than 1 Ifa, <1, then, holding X constant, the term a,, (r.)K w1]1 decline
:ﬁ‘,ﬁrh fime. In this case it is more meaningful to factor out A, .Thus for F{)to
“increase with ¢, the rule for factoring out shouldbe: A(#) = mm‘(AI (1), Ag(1)).
:'-Ihc factored function A(#) is the common rate of augmentation of the two
-factors. This is the neutral component

We now turn to the two-sector economy where we have two production

functions. The TC in each sector is decomposed according to (5 4.) T.hc
¥ analysis of the effect of TG on the economy is first condussted by con51dlenng
~‘only NTC i the two sectors, This is followed by aqalyzmg (?nly on‘c factor
: augmentation in each sector. The final outcome of course is obtained by
‘combining the two cases,

Technical change affects the supply side of the economy and consequently

It.:he equilibrium position. In tracing the effect on the supply side, we differen-
. tiate among vatious possible effects: allocation, productivity, and cost, to be
" explained below

- Hicks-Neutral Technical Change

The presentation builds up gradually to cover the various possibilities with the
aid of graphical presentation, followed by a summary Some readers may pr.efer
to start with the summary and supplement it with the graphical presentation.

" General Resulls

* n this section we examine the effect of NTC in the two sectors Incorporating
. this assumption, we replace the production functions in (2 8) with

v =£A,@) f1(kp) (5 3)
Yo = (1 — D) Ag(t) f3(ky)- (5.6)
The competitive conditions are modified accordingly:
1/, 1) = A, f{ (k) 67
w/p;(w, ) = A, O f, (k) — K, f{ (&) 5.8

The supply system is now given by equations (55) to (58) and the full
employment condition, (2.13).

The wage-rental ratios, w, (k;), are unaffected by A, (), and con.sequcn.dy
the labor allocation is determined by {2.13). On the other hand, the price
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and the supply functions depend on the technology and are therefore labeled Wage-rental ratio w{ky)

plo, t);and y,{p, k, £), or ,(p, £) when the dependence on & is suppressed-
To dexive the price equation, we follow the procedure employed in Chapter
2 and evaluate the ratio of the sectoral cost functions. We utilize the fact that
k;(w) is unaffected by the NTCG Consider an initial allocation (4, L;o) pro-
ducing output ¥, with technology A,(0) = 1. The average cost is ¢;(w, 7, 0)
Given the same input allocation and the new technology A, (7), fotel cost re-
mains the same, but average cost declines: ¢;(w, r, 1) = ¢;(w, r, 03/ A, (2). Con-
sequently, the price equation at # can be related to that of the base technology:

Ay(0)
A0

DEFINITION The sector with a larges rate of techmical change is referred to
as the progressive sector, :

Wy (ko)

Capitallabor ratio
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PROPERTY 5.1 (the price effect of NTC) The refative price of the progres- -
sive sector declines

It is only in the special case of Ay{t) = A, (2) that p(w, £} = p(w, 0).

Next we tun to examine the changes in the dutputs corresponding to a
given allocation Resources are held constant, and therefore the dependence
on k is suppressed m the notation.

. Market P PE Pa P Nonagriculture
. price

- Pigure 5.1 Hicks-neutral technica! change: Equal rates

Neutral Technical Change of Equal Rates . price p and technology ¢. The rate of change of income due to £ is A Thisis

also the rate of the shift of the supply functions of both products. Thus there
i§ an upward shift in supply and demand, and consequently the outputs and
 the consumption of the two goods increase. The change in the excess demand
depends on the relative rates of growth of supply and demand, the latter de-
" pending on the income elasticity. Because the income elasticity for agriculture
- is less than 1, the demand for agriculture shifts relatively less than the supply,
- and hence an excess supply of agriculture is likely to occur. As derived from
equation (5.13) below, this is true only when the ratio of output to consump-
tion in agriculture, y; /%y, is larger than the income elasticity £, a condition
that is generally met

The assumption here is that A (£} = Ay (#) = A(1). Because the o, (k;) functions
are unaffected by the NTC, there is no change in resource allocation foxr any
given w. The change in outputs corresponding to a given resource allocation
is determined by A(f) This is defined as the productivity effect

DEFINITION The productiviy ¢fféct of technical change is the increase in output
derived from a constant bundle of resources

By assumption, we deal here with the case where the productivity effect
is the same for both sectors. This is illustrated in Figure 5 1 as a shift of the
tansformation curve. Point A is the initial point, and point B, located on a
ray from the origin through A, represents the productivity effect. Equal rates
of NTC leave the price function unchanged so that p, = p,, and the supply
functions are augmented by the productivity effect, ¥,(p, 1) = 4,®)y;(p, 0.

On the demand side, the technical change increases income, thereby in-
creasing the consumption possibilities of the economy, and the demand in-
creases accordingly. Let y{p, £) = A(£)y(p, 0) represexnt the income attained at

" Small Open Economy

For the small open economy, an increase in excess supply implies an ncrease in
" the net export of agriculture. This can be shown in Figure 5.1 where the output
.~ changes from A to B. Consumption is at C*, obtained at the intersection of
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the new budget line with the demand x; (P, %3)- Initially the country did not
trade, and under the new technology it becomes an exporter of agriculture

PROPERTY 5.2 {neutral technical change of equal rates; open economy) In
general, neutral technical change of equal rates in the two sectors increases the
net export of the income-inelastic product.

The statement is qualified by the term “in general” to account for the case
where agriculeural production is small relative to consumption, in which case
the increase in demand is largez than the increase in production. The condition
for this qualification is derived below (equation 5.12)

The foregoing analysis has important implications for possible changes in
trade resulting from technical change ‘With equal rates of technical change, the
changes in trade reflect the income clasticities and the position of the economy.
When import does not constitute a major component of consumption, the
technical change increases the excess supply of the income-inelastic product
As a consequence, if the country is initially selfsufficient, it will now become an
exporter of agriculture. Alternatively, the country can change from importing
to expoiting food . This simple framework can explain a change such as the
one that occurred in India, which switched from importing to exporting grain
This example emphasizes the crucial role played by the income elasticity If the
income elasticity of food were larger then 1, the situation would be reversed.

Closed Economy

In the case of a dlosed economy, output is equal to consumption in each sector
It is therefore sufficient that the income elasticity for food is less than 1 for

the techmical change to produce an excess supply of food and for the price of
agriculture to decline The change in the equilibrium position is illustrated in
Figure 5.1, where the demand at the initial price, p,, increases to €, not c*
as in the case of the open economy. The new equilibrium point £ is located
between B and €. It is also shown in panel ITI, where the initial point A is
located on the initial supply function, labeled as y, (p, 0, whereas E is located
on the new supply curve, labeled y;(p, ) The reader is invited to tzace the
new cquilibtium values in the remaining panels of Figure 5.1 and to show that
@ declines to @, as p declines from p, to pg, and k, declines correspondingly
The corresponding change in resource allocation takes place undey a constant
k, and as follows from the discussion in Chapter 2, it requires a shift of resources
to the capitalintensive sector Since the productivity effect is the same in the
two sectors, the change in resource allocation implies 2 larger relative increase
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g in the output of sector 2, which is the capital-intensive and the high income
~elasdcity sector

o The dependence of the solution on income elastiaty is Mustrated by the
- location of point C relative to B. In the special case when the demand 1s
. homothetic, C and B will coincide, and the price will remain unchanged If
" the income elasticity of agriculture were larger than 1, point C, and therefore
- E,would be ta the left of B, with py > p, and consequently wg > w, .

PROPERIY 5.3 (newtral technical change of equal rates; closed economy) A

: neutral technical change of equal rates produces equal productivity effects in

~ the two sectors As a result, outputs increase i the two sectors The relative

price of the product whose income elasticity is smaller than 1 declines The

~ wage-rental ratio decreases (increases) when the income-inelastic sector is labor

" (capital) intensive Prices are unaffected when both income elasticities aze
unitary or when factor intensities are the same

" The discussion is pertinent to the understanding of the developments in
" the world market for basic agricultural products For this purpose the world
is considered as a closed economy. Initially, this market is postulated to be
~m equilibrium at A, as shown in Figure 5 1. Technical change moves it to E
‘with a decline in woild price. This is consistent with the evidence summarized
"in Figures 1.1 to 14 This discussion is illustrative and not exhaustive, of
. course, as there are other forms of technical change, considered below ;Ild
L m Chapter 6, which also affect the outcome. However, recall the discussion at
= the b.egi;{ming of this chapter, where neutral technical change of equal rates
h.- was mterpreted as the common zate to all sectors. As such this extracts a
;- considerable portion of the technical change that has taken place

' _' Neutral Technical Change of Unequal Rates

Next we turn to unequal rates of NTC. In dealing with this case it suffices
to consider TC in cne sector omly, because any NTG in the two sectors
can be (_iecomposed as follows: label [] = [4,(2), A5(2)], and defing A(t)} =
mJE[ I, A()y =max[ ] The equalrate is given by A(r), and the différ’eﬁtmi;l rate

C s AQ) — A(). :

- In what foliows we let agriculture be the progressive sector in that A =1
g and Aq(t) = 1. Consequently, the productivity effect is limited to agriculture

A (BT shom in panel IV of Figure 52 as a movement from A to B Both of
. these points are obtained with the resource allocation corresponding to the
_ wage-rental ratio e, . '




138 Agriculture as a Sector
@ ‘Wage-rental ratio o,k @
i N A @g(ky)
§
Price E]E Capital-labor ratio

Price . PE Pa

Figure 52 Hicksneuttal technical change in agriculture

Unequal rates of technical change affect the price equation, as can be seen
from equation (5.9). This is shown in panel I of Figure 5 2, with pp < py The
initial price, p,, can be restored by shifting resources to the progressive sector,
resulting in point A* where p ., = p; The movement from B to A™ is referred
to as the cost effect. More formally, the costeffectis y; (p, 1) — A, (1) y;(p, 0),i =
1,2

DEFINITION (cost effect) The cost ¢fféct of techmical change is the shift of
supply, over and above the productivity effect, necessary to maintain a constant
price

PROPERTY 5.4 (cost effect) The cost effect of technical change on output is
positive for the progressive sector and negative for the passive sector

Thus, in the progressive sector, the cost effect supplements the produc-
tivity effect. In the passive sector, the cost effect reduces output, whereas the
productivity effect leaves the output of that sector unchanged. The shift of the
supply function of the progressive sector is illustrated in panel I1I of Figure
5.2.

Nonagriculture
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The technical change has a positive income effect on the demand of both
products Thus, for the passive product, the demand increases, whereas the
supply declines; thercfore its excess demand increases For the progressive sec-
tor both demand and supply increase, but demand increases less than supply
With the two products being normal, the Increase in income is distributed
between the two products, and therefore the increase in demand for eithex
product is smaller than the increase in income. 1he increase in income is equal
to the productivity effect, which is smaller than the increase in supply, which
also includes the cost effect. Gonsequently, the excess supply of the progres-
sive sector increases. The open economy case is flustrated in Figure 5 2 where
output changes from A to A* and demand moves to C*.

PROPERTY 5.5 (technical change in one sector; open economy) A neutral
technical change in one sector increases the net export of the progressive sector

In the closed economy, the increase in. the excess supply of the progressive
sector results in a decline of its price and an increase in its equilibrium output
If this increase in output is smaller than the productivity effect, resources
are released from the progressive sector to increase production in the passive
sector. The actual outcome depends on the demand elasticity, as is shown
below. Another way of viewing the change is to indicate that in the progressive
sectot the income and price effects supplement each other, and the equilibrium
quantity will increase For the passive sector the two effects contradict each
other, and the direction of the change is ambiguous.

The discussion is illustrated in Figure 5.2, where the demand x; (p,, x5)
intersects the new transformation curve at C At p,, the excess supply 1s given
by z,{py, 1} = ¥ 4+ — %1 > 0, and the equilibrium price will be lower than p,
The output of the progressive sector will increase. The equilibrium output of
the passive sector depends on the price elasticity of demand. To see this we
obtain from (5.9) p(@) |,, 4,qy=—A;(¢) That is, with @ and technology in
nonagriculture held constant, the rate of change in p is equal to the rate of
technical change (with sign reversed) Consequently, pp = p, (1 — Al)‘. On the
other hand, y;5 =y, + 1311). Thus B represents the same proportionate
increase in y; and decline in p Therefore the new demand carve will pass
through B when the price elasticity of (2.18) is unitary It will intersect to the
iclt of B when the price elasticity is larger than I and to the right of B when
the elasticity is smaller than 1.

To trace the implications of the shift in equilibrinm for resource allocation,
we note that because B represents the same resource allocation as A, wp = @,
Let the progressive sector be labor intensive, and p be its relative price. Then
points on the transformation curve to the right of B correspond to values of
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@ that are Jower than w, and conversely for points to the left of B. In other
words, points to the right of B imply a shift of resources to the passive sector,
which in our case is capital intensive, whereas points to the left of B imply
a shift of resources away from the passive sector The discussion can now be
summarized:

PROPERTY 5 6 (neutral technical change in one sector; closed economy] A
neutral technical change in one sector leads to an increase in the output and
a decline of the equilibrium price of the progressive sector. The equilibrium
output of the passive sector declines, remains constant, or increases when the
ahsolute value of the demand elasticity for the progressive product is larger,
equal, or smaller than 1 respectively. Resources shift in the same direction as

the output of the passive sector. The wage-rental ratio moves in the direction.

of the resource allocation to the labor-intensive sector.

Effect on Trade

The relationships among technical change, growth, and food import have at-
tracted some attention, It has been observed that countries that have erjoyed
a fast economic growth have also increased their food import. Such an asso-
clation is sometimes erroncously interpreted to mean that food import is the
source ot the cause of growth Itis therefore useful to summarize the foregoing
discussion by evaluating the effect of NTC on trade for the open economy and
its further consequences on world food prices.

The output of the small open economy is determined by the wozld price.
The technical change causes an increase in output and hence in income and
thereby an income effect on demand. The excess demand for agriculture is
then affected by the change in demand and supply. The net import in this case
is equal to the excess demand. Let

(g, ) =xlp, y(p, )l — y(p,0) (5 10)

Let E;, be the income elasticity of x; with respect to y, §; = py,/y, and
differentiate y(p, ¢) with respect to :

dlny

~— =514+ A~ spAy =4 then

825/t =x,(E, A — 2LA4}), substiuting for 4,
.xl
~ y ~
0210/00 =1y (A By, 8 — ) + By (L - Sp Ay (5.11)
: ) _

Consider leading cases.
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Equal rates /12 =A1, then

sign 8zy,/8t =sign{£,, — v;/x;). (512

"For countries that do not import agriculture, y,/x; = 1, and since E,, < 1,

8zy,/8t < 0, implying an increase of agricultural export With the exception of
countries where domestic agricultural production covers only a small fraction

* of consurmnption, food-importing countries are likely to decrease their import.
" The exception requires that the fraction of domestic production in consump-

tion should be smaller than the income elasticity In this case, an increase in

. output at rate A in both sectors increases demand for agriculture by AE, x,,

whereas supply increases byﬁyl When y,/x; is relatively small, excess de-

" mand increases. This case is not applicable to most countiies.

- Agricultural-based growth. In this case agriculture is the progressive sector,

Ay =0, then

sign 8z, /0f = sign(S, £, — y,/%;). (5.13)

; This expression is similar to (5.12), except that now E |, is replaced by 5, E,
_ because the increase in income originates only in agriculture. In this case the
. agricultural net export will increase

Nonagricultural-based growth Here technical change occurs only in nonagri-

. culture, fll =0, and (5 11) reduces to

Bz,/0t = x Eq (1 — 5)A,. BCATY

.- The income effect increases the demand, whereas the cost effect causes a
“- decline of supply. Consequently, net agricultural import increases This is a
- result of the fact that agriculture is the passive sector

The effect on the volume of trade depends on whether the country is

‘initially importing o1 exporting agriculture In the fivst case, import increases,
- and under balanced trade export of nonagriculture increases as well. Thus the

nonagricultural growth is the source of financng needed for the growth of
- agricultural imports. If the country exports agriculture, export declines, and
© with it, total tade declines

To conclude, the net import of agriculture is positively related to techmical

- change in nonagriculture and, with unimpor tant exceptions, negatively related

to techmical change in agriculture

o Closed Economy and the Global Effect

* In the closed economy the changes in the excess demand cause price changes.

In this case, it is convenient to express the excess demand in texms of a given
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resource allocation, which we identify by , because @ 1s unaffected by NTC

Thus the supply of the ith product conditional on resource allocation is written -

as y; (@, A;). As total resources are held constant, & is suppressed. The excess
demand for the closed economy is

Zi{w, 1) = x; (p(w), yylw, Ag)) — v;{w, 4,), (5 15)

where A; are functions of the technology index r. Under NTG, ;(w, 4;) = ~

A;¥i{w). Differentiate z, (e, ¢) with respect to ¢ and impose x, = yy{(w, A,),

Bxla_p 0xy 0¥y 0¥y

4
3t ® dp dr  Bx, 8t At
White the expressions in terms of elasticities, using (5.9):

az1 2 ¥ Iy r r
Y |l = 2[4, (E1, — 1) + Ag(E], — Eq ]

=x[A (Bl ~ D)+ (A - ADEL —E})]  (516)-

where E] and —E] p AT the income and price elasticities for agriculture de-

tived from the demand x, (p, x,): E] =81nx,/8In x,, —Eip =dlnx /dlnp
It we assume that the economy is initially in equilibrium, then the change -
in price can be signed by utilizing the convergence assumption; for z; # 0,

z,dp > 0. When the technical change generates a positive excess demand, the
price will increase accordingly. More generally,
. dp .0z
sign rm !eq= sign rn o
Under equal rates,
A; = A, = A, sign 8z, /81 = sign(E}, — 1).

Agriculture, being income inelastic, will realize a net excess supply and 2

decline in p. In this case the rate of technical change is the same in both

sectors; therefore the price equation remains unchanged, and the change in
p is sufficient to determine the change of the other variables in the system. For
instance, if agriculture is labor intensive, a decline In p cduses a decline in @
and in k;{w) and a move of 1esources to nonagriculture.

For agricultural-based growth, ‘;il > 0and A2 = (, and therefore

sign 8z, /87 = sign(E;p -1

Because the demand for agiculture is price inelastic, the technical change
generates excess supply and therefore a decline in p

The Consequences of Technical Change 143

To evaluate the effect on the rest of the system, note that in this case the

~price equation changes, and the change in p cannot characterize the changes

in the other variables. Instead, such changes are better characterized in terms

“of the output of the passive sector.

For nonagricultural-based growth, /-Aig =0 a:m:lfl1 =10, hence

821

E |a)= ‘x1A2(EIL - ;p)

_'fhe direction of the change in the excess demand is determined by the

magnitudes of the income effect and the substimtion effect in demand away
from agriculture. When the income effect is dominating, the excess demand

“increases, as does the price of agriculure When the income effect is relatively
weak, the demand for agriculture declines because the price of nonagriculiure
‘declines due to the technical change, and therefore the production of the initial
" Jevel of agriculture is now more costly

Note that under unequal rates of NI, the importance of the difference
AQ —A ; depends on the relative strength of the income and price elasticities

The Contribution of Agriculture to Economic Growth

This is a good place to return to the remark in Chapter 1 on the contribution

of agriculture to economic growth, a subject often discussed in the literature,
‘This subject makes sense only in an environment of changes, and the most
- important source for change is technology. In the case of nonagricultural-, or
.- manufacturing-, based growth, the excess demand generated for food is met
by agriculture, and the stronger the response of agriculture, the less food prices

will increase. This is a straightforward, and perhaps natural, role one would

‘expect of agriculture In the other cases considered above, equal rates of change
;.01 & greater 1ate in agriculture, food prices decline, and resources move away
“Hrom agricultuze to nonagriculture The contribution of agriculture is in lower

foed prices and in labor and possibly capital. Thus, regardless of the case,

“agriculture is contributing, but so is nonagriculture. This comument s intended
. to indicate that in an economy with active trade between sectors, the question

of contribution has a limited meaning. It is more meaningful to evaluate the

changes themselves.

:_Factor—Augmenﬁng Technical Change

: :.: The specification of the technology in equation (5.2) does not indicate whether
. the augmentation is factor specific o1 sector speciiic. It is factor specific when
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Y/L, y = A f (k%), where k¢ is the quality capital-labor ratio, &* = ak,
Agl AL As the function is defined in texms of quality units, the marginal
mducnvmes are also defined in terms of quality units, and those can be
i esscd in terms of quality prices:

quality factors are homogeneous, and it is immaterial in which sector f;
technical change takes place. For instance, if we assume 4;; =land 4,;
then moving a unit of labor from agriculture to nonagriculture implies mon
A, quality units, and the labor force m nonagriculture after this move

be L’2 +- Au._ T@k of Alfl_as the years of schooling of agn.cultmal Izil_lgo Fre= k9 =1%p (5.17)
where the units are standardized so that A;; has a value of I in a base ye
The size of the quality-labor force is the total school years, and the fag Fro= (%)~ K& =wp (5.18)

augmentation increases the total factor supply measured in quality units;
this case the economy can be viewed as operatmg in terms of quality fa(:tor
factor augmentation increases the labor supply

When the augmentation is sector specific, the change in the factor produ
tivity depends on the sector of employment. Given the ahove assumption o
the augmentation, when a unit of labor moves from agriculture to nonagyj
ture, the quality-labor in nonagriculture will be Ly 4 1 rather than Lo+A
in the previous case In this case, it is simpler to think about the factor markg

‘The quality price indicates the unit value of a quality input. But when the
entation is sector specific, there Is no economywide market for quality
puts and thus the quality prices are unobserved We therefore tun to physical
puts. The marginal productivity of physmal inputs are Fp = F A, and

éA; - The competitive conditions require thatr/p = Fy and w/p = F;.
mbining this with (5.17) and (5.18), we obtain the relationships among factor
Tices in physmal and quality units:

for physical rather than quality inputs. The full employment conditions r=Aprt; w= A w’ {519
stated in terms of the physical mputs and are unaffected by the augmenitat L i
Still, factor augmentation can be viewed as a change of factor supply. 7_c01.1$.cquel.fl %

Thinking about factor-augmenting technical change as a change in facté : wlk) = (1/a)w(ak). : (5 20)

supply makes it possible to draw an analogy to the discussion in Chapie
Howeves, there is one modification: the change in the augmentation functiy
unmechately disturbs the compeutlve conditions in that it affects the wag
rental ratio in the progressive sector. This is the new effect incroduced h
The other two effects, productvity and cost, are similar in nature to ‘thos
considered under NTC.

The discussion begins with the evaluation of the effect of FAT'G on resourc
allocation at a given wagerental ratio. The sector-specific FATC is less oby
ous than that of the factor-specific, and therefore the discussion deals with th
case. The required modification for analyzing factor-specific FATC is staigh
forward The preductivity and cost effects are then added to the a.]locatlo
effect, and the change in the equilibrium position is evaluated

The FATC affects differently the input ratios and their marginal produc-
ties, which are functions of the mput ratios This implies a rotation of the
uants for any value of k or equivalently, a change of the w (k) function. To
nate this change, we note that the pxoducuon function is defined in terms
{ the quahty factors, and therefore o is the elasumty of substtution of that
nction, Consequently we can wiite o d In 0 = d In k° But by definition,
_f#dmm+dma anddIn & =dInk + dIn e Hence, using rates of

@+ =Fk+a) : (5.21)

dlnew 1 dlnk
Alna * | _;_1’ and

This change is illustrated graphically in Figure 5 3, where we derive w (k)
0 ¢ .(ke) We begin with an arbitrary point k, and set 2(0) = 1 for the initial
i oiogy Thus o(kyla=1)= ok a =1), as represented by point C
ow introduce technical change, and without a loss in generality, let a > 1,
that the value of k, in terms of quality units becomes &f = ak,. Then, by
20), we have w(ky | a) = (1/a)w®(k; | k{ = aky) We can add to the right-
d 51de of this equation the term [1 — (1 /)10 and express wlky | a(z)] as
we1ghted average of w (k"’) and the origin. Consequently, when «°(k%) is

=o—1 (529)

The Response of the » (k) Function

We begin by examining some general propertes related to factor- augmentm
technical change. For that purpose there is no need, at this pomt, to us
sectoral notations Consider the production function: ¥ = F (K*, L¢), wher
K®= Ay K and L¢ = A, I are capital and Jabor measured in texms of qualit
units, respectively F () is a GRS, concave, and twice differentiable function :

¢ and L°. We can thus wite the average labor productivity for physicalla
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Figure 5.3 PFactor-augmenting technical change

concave, (k, | a > 1} will be below point C, say at point N. We can now
repeat the procedure for other initial values instead of &, and thereby generate
the function w(k | @ > 1) The graph of this function will go through points
like N and thus will be below and to the 1ight of w®(k®) when the function is
strictly concave, above and to the left of @*(%*) when the function is strictly
convex, and identical with w(k¢) when that function is a straight line through
the origin. Those three possibilities correspond to o larger, smaller, o1 equal
to 1, respectively '

Having established the geometry, we can turn to the economic explanation.
The question asked here is what price adjustment is needed to absorb an
increase in the supply of quality inputs. Tb answer, assume capital-augmenting
technical change, so that @ = A, and the supply of quality capital increases.
‘When o is large, this increment is absorbed with little change in the marginal
rate of substitution of the quality factors, namely w®. In the extreme case of
o — oo, @° remains unchanged On the other hand, the rate of retiin to
physical capital increases by a, and therefore @ = w®/a declines The situation
is reversed when ¢ is small, in which case w® has to increase considexably in
order to absorb the change in & This change in @* is larger than the change
in Ag, and therefore w increases The two effects are equal when o =1. The
discussion is concluded with the following proposition.

PROPERTY 5.7 {factor intensity) Factor-aungmenting technical change in fa-
vor of one factor increases (decreases) the intensity of that factor, under.con-
stant wage-rental ratio, if and only if ¢ is larger (smaller) than I When o =1,
the intensity is constant.
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A change in the function e (k) leads to a change in the income distribution
as measured by the ratio of the two factor shares, wI/rK = w/k At any

o point we have w/k = % k*, but 2 change in g affects &% &* and therefore also
(- affects w/k. In terms of Figure 5 3 this 1atio is equal to tan & Consequently,
" the movement from C to N reduces the labor share in output. This change in
" the factor shares is used as a measure of factor saving

_ DEFINITION {factor saving) An exogenous change is said to be factor saving
- if it reduces the share of this factor m value output The change is facfor using

if it increases the factor share in output

In this discussion, the changes in the factor shares are evaluated for constant

. w, and as such are sometimes referred to as factor saving in the Hicks sense
.- (Binswanger, 1978). Returning to our example; note that the decline i the

* Iabor share is obtained by capital-augmenting technical change and elasticity
- of substitution larger than 1 The logic of it is clear; an increase in quality

capital and the “ease” of its absorpdon results in a substitution of capital for
labor to the extent that the share of labor in total output is reduced. It should be
emphasized that the classification of a particular factor augmentation as a factor

saver depends not only on the factor that is angmented but also on the elasticity
of substitution. We can then state the following corollary to Property 5.7

' PROPERTY 5.8 {tactor saving). The share of the augmented factor in total
. output, with the wage-rental ratio held constant, increases, remains constant,
- or declines if and only if & is larger, equal, or smeller than 1, respectively.

- Allocatior. and Productivity Effects

In a full employment economy, a change in factor intensity in one sector, with
resources held constant, requires a change in resowrce allocation, otherwise the

. full employment conditions are violated An increase in k, (@) in either sector,

regardless of capital intensity, can tzke place only i the shares of the capital-

. intensive sector in the employment of both resources decline. T his follows from

the full employment condition as stated in equation (2 13), which is rewritten

. in the following form:

e, 8) kglw, ) — k
I—f(w, 1) k—kw,1)

Thus £(w, 1), which in this case is interpreted as the share of the Izabor-intensive

:. © sector in total employment, is positively related to either &, (w, 1) ot ky(w, t).
- Since we deal here with a FATC in one sector only, k; () remains constant in
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the passive sector For this 1atio to remain constant in the passive sector, the
change in the share of the passive sector in the total use of capital, p(w, 1),
should follow the same pattern as that of labor, £(w, 1) We thus have

PROFERIY 59 (1'esom’ce allocation) Labor{capital)-saving technical change
in either sector increases the relative share in factor employment of the
labor (capital)-intensive sector.

Note the similarity of this propesition to the Rybczynski propositdon

Labor-saving technical change can be viewed as an fncrease in the supply of - -

quality labor The production function is defined in terms of quality labor.
Thus, following the Rybczynski proposition, the technical change should
increase the share of the labor-intensive sector in both resources. Holding w
constant implies k; are constant, but since £ increases, so must p increase This
is the essence of Property 5 9.

The change in factor allocation that takes place at a constant & causes a
change in sectoral output not realized under NTC. We therefore give it a name.

DEFINITION (allocation effect)  The change in outputs necessary to maintain
a constant wage-rental vatio under FATC is defined as the aflocation effect

The analogy of the allocation effect to that of a change in resources provides
an insight to Property 5.10

PROPERTY 5.10 (allocation effect) The allocation effect is positive (negative)
for the progressive sector when that sector is intensive (extensive) in the factor
saved. The sign of the allocation effect of the passive sector is opposite to that
of the progressive sector.

The allocation effect may supplement or contradict the productivity ef-
fect. The allocation and productivity effects of a capital-augmenting techical
change in sector 1 are flustrated in Figure 5 4. Panel I shows the change in
w(ky) g = @ (ky 4, 1) F o (kg 4, O = ok, ) Consequently, the initial al-
location represented by (k, 4, ks 4 becomes inefficient under technology £ = 0.
With the new techmology, the capital-labor rato in the progressive sector evahi-
ated at o, 1s k(e 1) = k-, and consequently, the share of the labor-intensive
sector in total labor is £(w,, 1} > £(w,, 0) This is simply an illustration of Prop-
exty 5 9 for the case where the technical change is labor saving, The impled
impact of this change on outputs is given by point ¢ on the transformation
curve. This represents the combined productivity and allocation effects The
productivity effect alone is represented by B, which is not on the transfor-
mation curve under the new technology. It is dominated by points like B*
corresponding to wp, < wy.
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The Cosi Effect

Io obtain the total shift of supply, we have to add the cost effect. For this
we need the price equation Since the production function is defined in terms
of quality inputs, the dual cost functions are defined in terms of quality
prices. Thus we have for the average cost fiinction in sector i: ¢, (w®,r¢) =
¢, (wfA;, 1 fA,), and consequently

P, 1) = ¢ (', 1) /ey (w, 1), (5.23)
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The cost function is increasing in factor prices; therefote, if technology In sectox
2 is kept constant, any increase in A;; o1 A;y or both decreases the relative
price of the ouiput of sector 1.

PROPERTY 511 The supply price of the progressive sector declines.

Thus the change in price depends on the origin and the degree of augmen-
tation and not on the direction of factor saving. Returning to the case under

consideration, p(w, 1) < ple, 0), and therefore, the change i output neces-

sary to restore the original price calls for a shift of resources to the progressive
sector. Thus the cost effect supplements the productivity effect. In terms of
Figure 5 4, the cost effect is represented by the move from C to H.

Equilibrium

The qualitative difference in the dislocation of supply between FATCand NTC
is in the allocation effect Gonsequently when the allocation effect supplements .

the cost and productivity effects, the nature of the displacement caused by the

FATC will be similar to that analyzed for NTG in one sector In Figure 5.4, -
the supply at the initial price moves from A to H The new equilibrium point :
of a closed economy will be located between the following two points: (1) -

The intexsection of the demand curve, corresponding to the initial price, with

the new transformation curve That point gives the quantity demanded at the
original price, and thereby it represents the income effect alone. It is represented -

by a movement from A to D in Figure 54 (2) The new product mix at the
original price, H, also the equilibrium production of a small open economy.

When the allocation effect is contradicting the productivity and cost effects,
it pulls the supply downward, and there is no a priori reason why the supply

cannot decline so that H would be to the right of point B*.
With the equilibrium price of the progressive sector declining, its output

increases. The question is what happens to the output of the passive sector.

Does it increase as well? The answer depends on the relative strength of the

price and income effects generated by techmical change and on the price and .

income elasticities.

The dependence of the solution on demand clasticities is intuitively clear -

If the income and price elasticities for the product of the progressive sector
were very high, then the increase in income and the decline in its price caysed
by technical change might ¢ause a big shift of demand in the direction of the
progressive sector and cause a decline in the output of the passive sector. It is
indeed the case for perfectly elastic demand, as for the small open economy,

that the output of the passive sector will shrink. In that case, H willrepresent the -
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equilibrium output The consurnption will be determined by the intersection
‘of demand functions with the income line corresponding to output H.

. Factor-augmenting Technical Change in Tawo Sectors

-“The foregoing analysis was conducted for the special case where the FATC
“oceuzred in one sector. With two sectors and two factors, there are various
' Possiblc scenarios Those, however, can be reduced to the situations analyzed
“above plus an additional one to be outlined here, FATC in two sectors.

" Ouwr foxegoing discussion dealt with four factor-augmenting functions:
.AID AlK: AQ[: and A2K For each sector this is reduced to fij, a,, where
-.A m_m(A[L, AIK)’ and &; = = max(A, i — Ai, AiK A;) The case of &; =0
'-.fox i =1, 2 was dealt with under the NTC The case of @, # 0 for one sector
was dealt with above . To complete the discusston we thus have io consider the
“case of d g # 0.

Productivity Effects

By definition, the productvity effects in both sectors are positive. The strength
‘of the effects depends on the values of ; and on the factor shares of the
“augmented factors

"leocatzbﬂ Effect

If the technical change in both sectors is saving the same factor, then the
allocation effect is uniquely determined—it increases the output of the sector
that is intensive in the saved factor. This situation, covered by Propexty 5 9, is
of particular interest. As we will see in Chapter 6, there is a reason to expect
technical change to be on the whole labor saving Thwus this process has the
partial effect of transferring resources to the labor-intensive sector. The relative
. strength of this effect depends on the difference in factor intensity, on the rates
. of factor augmentation, and on the values of o, . Specifically, recall thatif o, = 1
 ori =1, 2, there are no allocation effects.

- Gost Effect

“--While the allocation effect depends on the factors that ave saved, the cost
“effect depends on the factors that are augmenfed and on thelr shares in total
output (factox sha.tes) To concentrate on the case under consideration, assume
-AIK >0, A2K = {0, Au = Aﬂ =10 In the special case where the rate of factor
_augmentat{on is the same (Al = A2 &), we abtain

plw, 1) lo= (817 — SQL)A,'K
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That is, capitalaugmenting technical change of equal rates in both sectors .
reduces cost more in the capital-costintensive sector and thereby increases -
the price of the labor-cost-intensive product corresponding to any given wage--
rental ratio,

that maintain ¥/L constant This is Solow neutrality. Here the wage 1ate is
snstant along ¥ /L, whereas the rate of return is increasing with A,

.+ These concepts of neutrality generate corresponding classifications of fac-
“tor saving. For instance, technical change is labor saving in the Harrod sense
if the labor share declines along a given output-capital ratio.

Income Distribution
In general factor-augmenting technical change leads to changes in the factor

distibution of income, as measured by the ratio of factor shares. Rearranging
(3 21) we obtain

‘The Real Rate of Exchange: Long-Run Aspects

Discussions of the real exchange rate deal generally with short-term variations
inexternal terms of trade and macro pokicies However, the real exchange rate 1
.-élso affected by long-run changes in supply and demand. Long-run changes on
the-supply side emerge from capital accumulation and technical change. If the
‘nontradable product is labor intensive, its price increases along the equilibrinm
'Path gener: ated by capital deepening, and therefore the real rate of exchange
declines This is true as long as the two products ate normal. The degree of this
effect depends on the difference in factor intensities and in income elasticities.
" Less can be said on the supply effect that comes from technical change
without knowing the nature of the change. It has been argued (Balassa, 1964;
Samuelson, 1964) that technical change is faster in the production of commodi-
:ﬁcé, which are largely tradable, than in nontradables. In this case, there is a
‘downward trend in the real exchange rate. This is a very plausible argument;
nevertheless, its underlying premise calls for a quantitative perspective. This
qualifier is always true, but it is particularly mmportant in this case. Much of
the nontradable product is produced in the public sector, so the output is mea-
sured by the cost of production. Technical change is measured by comparing
the changes in output with the changes in the cost of inputs; therefore when
the measure of output is the same as that of the put, no technical change
can be detected: This is also true for some services produced in the private
sector whose output is measured by cost, for instance, medicine The increase
- in life expectancy, as well as in the {physical) guality of life, is not captured in
- the measurement of output, and therefore we obtain a distorted view of the
changes in productivity in the nontradable sector.

: If'we turn to the demand side, we note that capital deepening and technical
- change generate an increase in income that in tuin generates an increase
in demand At the private level, beyond a certain income, the demand for
- services increases faster than the demand for commodities. Since commodities
- are largely tradable and services are largely nontradable, an increase in income
- tesults in an increase in the relative price of nontiadables, or a decline in the
‘teal exchangerate The public sector demand for nontradables may also have a

dIn(ew/k)y= (% — 1)d In(ka) (524) -

There are three conditions under which the factor shares are unaffected by
techmical change:

1. @ =0 This is Hicks-neutral technical change, where w/k is constant
when k is constant '

2. o =1 Thisis equivalent to a Gobb-Douglas production function where
the factor shares are constant everywhere.

3 fo=—& This implies that the quality-capital-labor ratio is constant and -
sois f{ak). As a matter of definition,

Y/LE= F &) 525)

When £° is held constant, the factor prices in quality units are constant .
as well. Two cases have been widely discussed in the litevature. Fivst, Harrod- -
neuiral technical change,? where the technology is labor augmenting; it is:
characterized by Ag =l anda = AL Rewrite (5 25) and divide through by

= K /A L to obtain :

Y fak)

K ak’ _

Thus, with labor-avgmenting technical change, the factor shares 1emain con-

stant along expansion paths that maintain constant ¥ /K. In this case 1€ =7,

and because the quality prices are constant, 7 is constant as well.? While ¥/K
is constant, the average labor productivity, ¥/L = A, f(ak) is an increasing

function of 4;, and the wage rate is increasing accordingly: w = w4, . '

By a similar argument, we can examine the consequences of capital-
augmenting technical change where 4; =1 and A > 1 Trom the definition,
y = f(ak), and hence the factor shares are constant along expansion paths

which is constant. (526) .
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strong positive income response; social and welfare programs are developed as
the economy becomes more affluent. The net effect of such programs depends

on two factors: first, the extent that they constitute a net addition to spending '
over and above what the private sector would have spent on these programs,
and second, the form of finance. For instance, if the programs are financed
by a progressive income tax that generates a more equal income distribution,’
and if the income elasticity of nontradables is larger than 1, then the net effect .

may be a decline in the demand for nontradables and therefore an increase in

the real exchange rate. On the other hand, il the programs reduce the price of

nontradables, such as health and education, then their demand will increase,
and the real exchange rate will decline

To conclude, this discussion indicates that as an economy develops, the
real exchange rate is likely to decline This is structural change that should not

be attributed to short-run policy o1 other shocks. The quantitative effect of the

various considerations discussed here is a subject for empirical analysis.

Empirical Implications

The discussion in this chaptex is empirically oriented in that it derives the .
comparative static implications for growth paths of various forms of technical -
change. Cleaily, the range of possible outcomes is wide. 5till, some empirical

generalizations applicable to agricultural growth can be made. Such general
izations are derived from the low income and price elasticities for agriculture,

and as such they are fairly robust to the possible variations in the orders of

magnitudes of the various forms of technical change.
‘We now turn to review trends in agricultural prices and in sectoral outputs

Such trends are determined, of course, by various other wariables in addition
to demand and techmical change. Furthermore, they are genexated under

market conditions that violate cur assumptions and which are introduced

into the analysis as we go along Nevertheless, with all these qualifications, -
it is instructive to refer to the data at this stage and to highlight some of the -

Important processes

Agricultural Prices

Changes in productivity lead to changes in excess demand and thereby af- -

fect agricultural prices. For countries that trade in agricultural products, such
changes in excess demand are transmitted to the woild market, where world
supply and demand determine world prices. The world is then viewed as a
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dosed economy Countries that do not trade in agricuiture are, by definition,
also anatyzed within a closed economy framework. Consequently, we can be-
in the discussion by referring to equation (5 16), which summarizes the effects
of nentral technical change. Obviously, technical change of equal rates gener-
ates an excess supply for agriculture Similarly, the excess supply increases
*ywhen the technical change in agriculture exceeds that in nonagriculture. Gan
" the excess supply decline? Yes, but for this to occur the techmical change in
] ﬁ_onagI iculture must exceed cmnsideradly that i agriculture, and the income elas-
ticity of agriculture must be larger than its price elasticity. As we saw even in
the crude evidence presented in Chapter 1, however, technical change in agri-
. ¢uleure, if anything, exceeded that of nonagriculture, and this accounts for the
“excess supply Thus for the excess demand in agriculture to rise, technology
- agriculture must stagnate. There is no empirical evidence that leads us to
. expect such an event in the foresecable future
S Anincrease in excess supply leads to a decline in prices. Hence an efficient
" way to examine the importance of technical change is to examine the trends in
“world agricultural prices. The country story is presented in Figure 1 2. A view
. of the global situation is obtained from Table 5.1, which presents estimates of
‘the average annual percentage change in prices of some primary agriculoural
_‘commeodities. The prices are deflated by the index of U.S. wholesale prices
.. These estimates were obtained from. semilogarithmic trend regressions Two
facts immediately emerge First, there has been a deterioration at an average
annual rate of 0 5-0.7 percent in most of the relative prices of agriculture. This
: ﬁnpﬁes a deterioration by a factor of one-half over the period 1900-1983. Sec-
‘ond, the degree of fit of the trend regressions, as measured by R?, is relatively
low. This reflects wide annual vatiations in supply and demand conditions over
. this period, which includes two world wars, energy crises, and other shocks
- As such, the trend is a poor predictor for short-ferm price variations. Yet, con-
- sidering the length of the period, these numbers are suggestive with regard to
- the long-texm trend.
: Over this period world population increased by a factor of 3, from 1.6
= billion in 1900 to neatly 5 billion in 1984. Add to this the increase in per
“capita income, and we obtain an increase in food demand by a factor of 4 or
. more. The decline in world prices indicates that production increased more
- than demand. Since the supply function is positively sloped, it is clear, as is
- well known, that there were large changes in supply that made it profitable to
- expand production in spite of the decline in the relative price If we take such
- a long-term view, changes in supply make it possible to identify the demand
-~ function empirically. That is, the deterioration in prices implies that the growth
- in supply could only be absorbed at some price decline. In tuin, the decline in




i
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Table 5.1 Time-trend of agricultural prices deflated by US wholesale prices,

The foregoing discussion has dealt with a closed economy In an open

1900-1983 cconomy, output need not equal consumption, and therefore the growth
Gommodity Coefficient t-ratio R2 :..patl:elll of output need not follow that of demand Therefore, the patterns
. f scctoral growth in ndividual countries are expected to differ in accordance
Sugar -07 3.7) ith their trade patterns. This is well illustrated n Figure 1 4, which shows
}/I\Tzzzt :g 2 g?; the sp:{cad in the ratio of growth rates of agriculture to that of total output In
Rice —08 (5”‘5) only 19 percent of the countries did the rate of growth of agriculture exceed
Cotton 05 (5.4) ‘that of total output, but these countries accounted for only 4 percent of world
Wool —01 8.9 aguicultural production.

At this point it is useful to go back and review the mechanism that de-
:tcxmmes sectoral growth, Consider the typical case where technical change
creates an excess supply of agriculture This presses agricultural prices down,
“4nd value output declines Value output is distributed to labor and capital, and
therefore there is now less to be distributed Consequently labor and capital
firid their way to nonagriculture, where the remuneration is higher. This shift
of resources contributes to output in nonagriculture.

- To summarize, the determinants of the process of agricultural growth are
_io‘w income elasticity for agriculture and the desire of individuals to increase,
-whenever possible, the returns for their sexvices. The process moves on with
less fiiction when competitive markets exist However, as we shall see in
_-subscquent discussion, the process takes place undex less favorable conditions
as well. All that is required is that individuals be able to improve their position
__by reallocatmg the resources at their command

Source; Binswanger et al. (1985).

Note: The coefficients are obtained from the semilogarithmic regression: In p; = a + b The =
slope, b, indicating the rate of growth, fs multiplied by 100 to he expressed in percent The numbeis |
in parentheses are the ratios of the coefficients to their standard errors (t-ratios) :

price had a depressing effect on the growth of output. This implies that demand
has acted as one of the determinants of agricultural growth. Thus the xesults :
are in line with the predictions that can be drawn. from equation (3.16) _
How should equation (5 16) be modified if the technical change has 2
factor-augmenting component? As indicated, techmical change on the whole:
tends to be labor saving, and as such it tends to increase the output of the
labor-intensive sector. This then supplements the effect derived under neutral
technical change On the other hand, under the present framework where the
technology is exogenous, capital accunmlation tends to increase the price of | ..
the Iabor-intensive product. To the extent that such an effect prevailed, it was g .
not sufficient to oﬁff:t the effect of technical change. . ;Tedlmcal Change and Land Expansion
‘We now continue the discussion in Chapter 4 of land expansion by consid-
ering three natural forms of technical change. We begin with the case where
‘agriculture is a price taker and thereby obtain the supply response under con-
stant prices. The nature of the results changes when a capital constiaint is
introduced The investigation concentrates on agriculture and therefore avoids
sectoral notations.

On Secioral Growth

Technical change and capital accumulation increase real income, and therefore, -
with. prices held constant, consumption of the two products should increase |
At the global level, consumption of each of the two products is nearly equal to
output. The difference between consumption and production reflects a change |
in Inventories that is a small fraction of producton in any given year and -
more so when longer periods are considered Thus, under constant prices, the
relative change in production reflects income elasticities. Because agriculture.
is income inelastic, its growth is constrained by income elasticity It is also”
constrained by the low price elasticity that contains the substitution effect on
demand expansion in response to the price decline. '

‘Neutral Technical Change

The production function is TF{gA(g), K{g)] = tqA(g) [k(g)/g] The role
of the technology index 7 is the same as the price p in the constant technology
- model of Chapter 4, and the results of this model are immediately applicable
Specifically, neutral technical change causes the two margins to expand.

1
 §
B
i
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Land-augmenting Technical Change : Q
! «
The production function is g
_ B
F(rqAlg), K (tg)) = 7qA(g) f (k(zq)/Tq) (627 5

The optimization problem is
[e.9]

Jnax, Lk(rq), )} = [ [tqf (k(rq)/1q) —k(zq) — clA(@)dg  (5.28)

The first-order conditions are

Ly= f'[k(rq)/tq] ~r =0, (529) | | Quality capital
Ly =rzflk(rz)/ee] ~ rk(rz) —c =0. (530) Figure 5.5 Demand for quality capital
Differentiating equation (5 29) and rearanging to obtain '
Sk(rq) k(rq) _ The optimization problem is
qu | = tq >0 (5.31) ”
o . . | max LIk, ) = [ f (ck@)/) — 1k@) = JA@)g (539
Differentiating equation (5 30) and rearranging to obtain kig)z / :
s_z = ;i <0, 5 32)_ The frst-ordex conditions are |
T S " Ly =tfTek(g)/q] — r =0, (5.35)
o1 E(z, 7) =—1 Tointerpret this result, differentiate the rent, L, = 2f [ek(2)/2] — 1h(z) — ¢ = (5.36)
0= 7 =0. .
9 RB(TQ) _R@g)+c -0 Differentiating Ly (-) to obtain
T T
: S(k;z
Hence, as T increases, the rent increases for all g; therefore the margin is E(z,t) =~ ) <0 (537)

moved, and z declines.
Next, differentiating L, and rearranging to obtain®

dInk(q)
pinnnhiitar S 538
dint o1 ( )

. We can interpret this result with the aid of Figure 5 5. An examination of
- equation (5.38) shows that the technical change has two effects. First, it shifts
the marginal productivity of capital so that the mitial point A, with cuality-
. capital k,, shifts to B This shift disturbs the first-order condition, and to
Testore it, the quality-capital increases to k. that corresponds to point C'. The
" proportional change in the marginal productivity between A and B is £, and
* the movement from C to B is along the curve whose elasticity in absolute value

PROPERTY 5.12 ‘When agriculture is a price taker, land-augmenting tec)
pical change causes the expansion of land, the capital-land ratio, and tota

output .

Capital-augmenting Technical Change

The production function is

F(gAlg), tK(g) = gAlq) tk()/q) (533)
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is o so that the relative change of quality-capital between A and C is 07, The
larger the numerical value of this elasticity, the larger the relative difference
between k. and k. Second, to translate the rate of change in quality-capital
to that of physical capital, we subtract ¢ The new level of physical capital
is the net outcome of these two effects as equation (5.38) indicates. When
the demand for capital is inelastic, the retzaction dominates, and the capital

intensity declines. In this case, land augmentation and land saving move in -

opposite directions, But this is not an interesting case empirically because it
calls for the expansion of land and a decline in the capital-land 1atio.
The discussion is summarized by

PROPERTY 513 When agriculture is a price taker, capital-augmenting tech-
nical change reduces the marginal quality land and thereby increases the cul-
tivated area. The corresponding change in capital intensity depends on the
elasticity of capital demand; it increases (decreases) when the demand is elastic
(inelastic).

Of the thiee cases of technical change analyzed here, this is the only case in
which land expansion and augmentation can take different directions, but as in-
dicated, it is not an interesting case from an empirical point of view. A different
resultis obtained when the supply of capital is not perfectly elastic 1o deal with
this case, we take up the extreme version of perfectly inelastic supply of capital,
examined in Chapter 4, together with land-augmenting technical change.

Land-augmenting Technical Change and Capilal Constraint
The production function is given by (5 27), and the optimization problem is

oo

max LEKq)21) = [ raf (e(vq)/rq) — JA(g)dg

(5 89)

— 1 f AlQ)k(rg)dq — K]
z

The first-order conditions are
Ly=f'lk(zq)/tq] —7 =0,
Ly =tzf[k(z2)/tz] —rk(zrz) —c =0,

o0

10 = [ A@keg -k =0 (5.42)

4
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Differentiating L, we obtain’
: dlnr dlnk() :
L= e~ e (543)

“When agriculture is a price taker, r does not change and equation (5 43)
+"reduces to equation (5.31), which states that the relative increase in & is equal
io the rate of the technical change. When the supply of capital is not perfectly
" clastic, the increase in 7 will reduce the relative increase in k by o

" Differentiating Lo, simplifying and imposing dc = 0,

(t/c)k(tz)dr — tdz/z=dT. (544
o differentiate L, we modify (4 23),
(N0 =K. {5.45)
1'“.11cn',6
AR/ Q de 4 to/r dr =dT. {(5.46)

To solve for dr/dt and dz/dt, write equations (5.44) and (5 46) in matrix

: _notations:
-1 k(e | [dinz | 11
[ZQA(z)/Q o ][dlnr:|_|:lj|dlnr

Except for the element in the (1,1) position, all the elemenis are positive; hence
© the determinant (det) is negative. The solution is

dlnz/dint = (1/ det)[o —rk{}/c] The sign is ambiguous (548)
dlnrjdlnt = (1/det)[-1 — 22A()/ Q] > 0. (5 49)

The technical change shifts to the right the demand for capital; therefore
its shadow price rises, and the rent declines On the other hand, the rent
increases as a result of the technical change. The net effect of the technical
change depends on the magnitude of these two effects When the clasticity is
large, the increase in 7 reduces k, and capital is freed to allow the expansion of
~ cultivated land; consequently z declines. On the other hand, when the elasticity
" is small, the increase in r causes an increase in z, the area declines, and the
capital freed by the reduction in the cultivated area is used to satisfy the increase
in the demand for capital triggered by the technical change

(5.47)

Empirical Analysis

To apply the foregoing analysis to the data, wé have to differentiate between
short-term fluctuations in land use and changes of a more permanent nature
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Because the necessary data for such an analysis are lacking, this is not an easy
task. Alternatively, we can look at a situation where permanent expansion was
dominating, such as Thailand It was examined in Mundlak {1993}, and some
of the results of that analysis are summarized here.

Thailand’s agricultural growth has been impressive. During the period
1961-1990, world agricultural production grew at an average annual rate
of 2.3 percent, whereas that of Thailand grew at a 4 percent rate. If we re-

duce the output to three major components, crops, fruits {tree crops), and

livestock, we find that Thailand excelled in all three. The growth in fruit
production was faster than that of crops, and this indicates an intensifica-
tion in the usc of capital Still, crops form the major subsector of agriculture,
accounting for about three-quarters of total agricultural value added. Thai-
land’s performance is even more impressive when viewed on a per capita
basis: its output increased at an average annual rate of 1.6 percent cormpared
with 0.6 percent for the world as a whole Thailand could achieve such a
performance by maintaiing strong exports, which in the last four decades,
on average, made up from 13 to 17 percent of agricultural output; at the
same time, its imports fluctuated from 1 9 to 5.4 percent Cultivated land in-
creased from 8 3 million hectares in 1950 to 23.6 million in 1990 This new
land was obtained by clearing forests. The annual average growth rate of land

amounted to 2 84 percent, implying that the output-land ratio increased at an
annual average rate of about 1.2 percent. Agricultural labor increased over the

peziod from 1954 to 1990 from 9 0 million to 20 1 million, an average an-
nual growth rate of 2.1 percent Data for other inputs are available only for

the period beginning in 1961, and therefore subsequent analysis covers only |

the years 1961-1990 During this period the average annual growth rates of
inputs per hectare, in percent, are: agricultural labor, —0.42; fertilizers, 9.5;
irrigation, 2.2; tractors, 14 8. These developments cammot be explained by
attributing them to more favorable prices, because the price ratio of agricul-

ture to that of nonagriculture trended downward over the period, par teulaily

from the mid-1970s. Tt is clear that the drastic expansion in cultivated land

was accompanied by a considexable intensification in the use of capital as

meastred by the increase in the application per hectare of ferdlizers, trac-
tors, and irrigation  The labor use per hectare declined but at a refatively slow
1ate.

Lhe land expansion that took place in Thailand was largely an initiative
of the private sector (Siamwalla, Sethoonsamng, and Patamasiriwat, 1993)
As for the future, analysts note: “Thai agyiculture is now at a crossroads.
The two factors that fueled its past growth—surplus land and buoyant foreign
market—cannot sustain it in the future .. These developments . . present a
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: . set of delicate problems for the government. First, the factor intcnsit?f of‘Thai
- agriculture will change .. . At the same time, domestic demand will dictate
- that the more capitalintensive and technology-intensive horticultural sector

' must expand” (ibid., p. 116)

From these comments it is clear that past behavior was the outcome of

: farmers’ decisions; the question what will happen in the future-and the role

of government in it—is focused ou. issues related to -the extensive-intensive
margins. With this background, we turn to the analysis . .

Our discussion suggests that land expansion can be expla.m?:d by capital
accurmnulation, the cost of reclamation, the terms of trade of agncultqre, a.}ld
technology. Land expansion is also expected to be positively correlated with
fand augmentation, measured by the increase of other inputs Table 5.2 presents
correlation coefficients between land and other variables. The c:o?relatlon
between land and the other agyicultural inputs is obviously very high, and
this is also the case on a pex hectare basis. The third panel of the table shows
the high positive corzelation between land, length of roads, and the investment
in road maintenance and the Iow negative values between land and cost of road
construction This cost is taken as a partial indicator of the cost of clearing land
for agricultural production. .

The relationships between the size of agyicultural land and these variables

-are summarized by regressions presented in Table 5 3 The investment variable

is for the economy as whole, and it represents a measure of resource avz.tilabi]ity
The table presents four empirical equations. The first and the third were
obtained by ordinary least squares (OLS); the second a:nd the fourth were
obtained by instrumental variables. The last two equations were corre.ct_ed
for serial correlations These regressions clearly indicate the strong positive
relationships between land and capital accumulation, the: terms of trade of
agriculture, and roads and the negative or zero relationships with the cost of
constiuction.

Can this model account for the main developments of Thai agriculture?
The joint expansion of land and capital-land ratio required considerable re-
sources. The question is, what induced this big expansion? The ter s of trade
of agriculture were deteriorating over time, and this should h.ave dl.scguraged
expansion. The answer is capital accumulation, improvement in the mhastr}lc—
ture, and techmical change in agriculture. However, the major technological
event in this area was the green revolution, the introduction of modern cereal
varieties This began in Thailand only in the late 1960s, whe.:reas land had
been expanding rapidly even before then. The empirical analysis suggests that
capital availability and the decline in the cost of reclamation were important
factors in this expansion
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Exercises
51  In Chapter 4 we signed the changes in demand for sectoral mputs in

response to resource change, taking into account the various effects.

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

between two equilibium points {“original” and “new™). Do it system-

atically for the following cases:

{a) NTC of equal rates in both sectors.

{b) NTC in agriculture alone.

(c) Capital-augmenting 1C in agriculture,

(d) Labor-augmenting technical change in agriculture,

{e} The introduction of a modern cereal variety in agriculture that is
more productive and more capital intensive than the traditional
varety

Solve first for the small open economy and second for the closed

economy.

‘Which of these cases (or what combinations of them) will yield results

which are consistent with the data on agricultural capital summarized
in Chapter 10? Do we do better if we combine these results with those
on capital accurmilation presented in Chapter 47

Make the following assumptions:

Factor prices are equal across sectors
Agriculture is the labor-intensive sector

Demand elasticities of x, (p, x5) and income elasticities, using class '

notations, are restricted by o, < 1,7 < 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
" single technique. When there is an improvement in technology, producers are
* expected to replace the old technique with the new one ‘Within this framework,
ihere is no reason to use the old technique, and only the new, more productive
" techmique should be employed. This conclusion, however, is inconsistent with
/. the data, which show that the process of transition from old to new techniques
- takes time, often a long time, during which different techniques coexist This
*" observation is important for understanding the process of the implementation
of new techniques, which is the main vehicle for economic growth. This chapter
- examines two issues related to this process. First, we consider the reasons for
" the coexistence of techniques with an emphasis on the relationships between
' resource constraints, specifically capital accumulation, and the implementation
" of new techniques Second, we analyze the effect of the appearance of a
new technique on the equilibrium posidon of the economy This discussion
¢ is continued in subsequent chapters, particularly in Chaptexr 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 introduction of modein
*cereal varieties, known as the green revolution, which began in the mid-
.1960s An empirical study of food grain growth in India based on district
data provides empirical evidence for some of the propositions developed here
(Bhalla and Khan, 1979). In comparing preduction changes from the period
' 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 technical change in that yields are increased and the px'dduc—
tivity of all inputs is increased, including that of labor, whose factor
share declines,

2. has required capital inputs,






